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The Omnigraphic Model 2000 is the

orld's best known most versatile

X·Y recorder. The basic building

block is a rugged die cast.

metal mainframe. A choice of

27 modules enables the recorder to

perform in virtually any application.

recorder
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with thent
Plug in your choice of
modules and the
Omnigraphic"l>Model2000
is tailored to your
need

• 30 in.lse~. speed (40 in./sec. available)
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DOHRMANN

The new Dohrmann Constant Rate Injector (CHI), when combined with
the Dohrmann· analyzers shown here, proVIdes a dramatic improvement

in trace level detection 01 sulfur and nitrogen.

Operation 01 the CHI couldn't be easier SlDlply place your loaded
syringe on the carriage 01 the injector and push it through the septum

01 the instrument. Inj~tion is then electrorucally actuated and
precisely controlled to provide constant rate samphng.

Results are digitally displayed by the Constant Rate Injector In addition
to permitting lar more sef1S1tive analyses, adding the CHI converts

earlier Dohrmann analyzers to digJtal systems

The CRI is priced under $3,000, an investment you'll soon recover!

See us at the Pittsburgh Conlerence, Booth 812.
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With the

preadsorbentarea
on silica gel TLC plate

you can:

•
Use crude, dilute, organic or
aqueous samples without

prepurification.

•
Cut sponing time by 85-90%.

•
Use acidic, basic, neutral

solvents.

•
Get Af deviation of only 0.95 %.

•
Use 10-60 p.llchannel of

sample.

•
Easily transfer from

conventional silica gel.

•
Choose 40 or 80A silica gel.

LINEAR-K

FREE SAMPLES WHILE SAMPLE
SUPPLIES LAST.

F'

Write for
free Samples.

Reversed-phase TLC. Whatman's
famous KC,s layers now on micro­
slides, packed 100 to the box. An in­
expensive way to get exlraordinary
R-P TLC performance in a new size,
ideal for many applications. While
samples last, write:

Whalman Inc_
9 Bridewell Place, Clifton, N.J. 07014
Tel.: 201-777-4825

• ••

With the

• ••
•• •

reversed-phase
TLC plate
you can:

•
Separate at extreme

polarity ranges.

•
Get sample capacity
up to lOX silica gel.

•
Separate at rates of 2 min/em.

•
Use simple solvent systems

and easily optimize.

•
Get high efficiency:

HETP = 10 p.m.

•
Correlate KC,s TLC'

with C's HPLC.
·12% silanized carbon load.

Interested?
FREE SAMPLE KC 18 PLATES ­
WHILE SAMPLE SUPPLIES LAST..

Write now for samples:
Whatman Inc., 9 Bridewell Place,
Clifton, N.J. 07014
or phone: (201) 777-4825.

Write now for samples:
Whatman Inc., 9 Bridewell Place,
Clifton, N.J. 07014
or phone: (201) 777-4825.

Whatman
- -W

--- -~ ~

Whatman~'
Whatman

--- -W
Sse us at the Pittsburgh Conference, Booths 1925, 1926 and 1927
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Briefs

Determination of Trace-Level Vanadium In Marine
Biological Samples by Chemical Neutron Acllvallon
Analysis 178

A cation-excbange chromatography procedure using S2V
neuLron activation analysis is outlined for the det.ermina·
tion nf V with a limit of detection of 30 ppb.
Alan J. Blotck)°. Carl Falcone, Victor A. Medina, and Edward
P. Rac~· General Medical Research. Velerans Administration
Hospital, Omaha. Neb. 68105. and Department ofCh~mislry.Uni­
versity of Nebraska, Lincoln, Neb. 68588. and Da\'id W. Iloblon.
Department of Biology. Texas A&M Uni\'ersity. College Stalion.
Tex. 77840 Anol. Chern., 51 (l9i9)

Viscosity, Calorimetric, and Proton Magnellc
Resonance Studies on Coal Liquid Fracllons In
Solution 182

In coal liquids, asphaltene, and heav)" oil fractions, hydro·
gen bonding involves phenolic hydrogens as proton-donors.
Krishna C. Tewari. Nan-sing Kan. Da,,-id M. Susco, and Nor­
man C. u.. Department ofChemislry, Duquesne University,
Pittsburgh, Pa. 15219 Anal. Chern., 51 (I9i9J

Determlnallon 01 Tetraalkyllead Compounds In Water,
sediment, and Fish Samples 186

Hexane is used to extract tetraalkyllead compounds for
analysis by GC-AAS. The detection limits for water, sedi­
ment, ar.d fISh are 0.50 Ilg/L, 0.Ql Ilg/g, and 0.025 Ilg/g, reo
spectively.
Y. K. Chau,. P. T. S. Wong. G. A. Seugert, and O. Kramar.
Canada Centre (or Inland \Vaters. Burlington. Ontario LiR 4A6.
Canada Anol. Chern., 51 (/9i9)

Parametric Neutron Activation Analysis of Samples
Generating Complex -y-ray Spectra 189

Using the F....Ru method of nux determination, good
agreement in accuracy is achieved when compared with the
relative measurements using Standard Reference Materials
from NBS.
P. F. Schmidt.· Bell Telephone Laboratories. Incorporated, AI·
lentown, Pa 18103, J. E. Riley, Jr.. Bell Telephone Laboratories.
Incorporated, Murray Hill, N.J., and D. J. McMillan, Northern-
Trocor, Inc., Middleton, Wis. Anal. Chern., 51 (J979)

Comparison of the Determination of Cobalamlns In
Ocean Waters by Radioisotope Dilution and BIoassay
Techniques 196

The isotopic methods are shown to measure both biologi·
cally active and inactive cobalamins indiscrimin8tiv~ly

when porcine intrinsic factor is used as the B l2-specific
binder.
C.M. Sharma,· BeoT)' R. DuBoia.~lbert T. Pastore. and Ste·
phen F. Bruno, New York Ocean Slitnce Laboratory. Montauk,
N.Y. 11954 04001. Chern., 51 (l9i9)

• Corresponding author.

Enzymatic Determination 01 Urea In Serum Based on
pH Measurement with the Flow Injection Method 199

By maintaining a constant buffering capacity of the carrier
stream solution, a linear relationship between the recorded
pH signal and the urea content is obtained.

J. Ruzicka,· E. II. Hansen, and Animcsh K. Ghosc, Chemistry
Department A, The Technical University of Denmark, Huilding
207, DK·2800. Lyngbr, Denmark, and U. A. Moltola. Department
of Chemislr)'. Oklahoma State Univ('l1\ity, Stillwater, Oklo, 74074

Anal, Clu'm" 51 (1979)

Development and Application of a Thermistor Enzyme
Probe In the Urea-Urease System 204

Urea solutions are analyzed in less than I min, and the lin­
ear response range to urea concentrations is .l}.-30 mM.
Steven Rich, Hofstra University, 1000 Fulton Avenue, Hemp·
stead, N.Y. IISSO, and Robert M.lanniello and Neil D. Jelp(!r·
sen· Chemistry Department, St. ,John'!, University, Grand C('ntral
and Utopia Parkways, Jamaica, N.Y. 11439

Anol. Chern .. 51 (l9i9)

Solvent Extraction Method lor Determination 01
Thorium In Soli TIssues 207

Thorium is extracted in 25% trilaurylamine in xylene,
back·extracted with 10 M HCI, electrodeposited on a plati·
num planchet, and counted alpha specLrometrically. The
final total recovery ranges from 24-93%.
Narayani P. Singh.· Shawki Amin Ibrahim, Norman Cohen.
and McDonald E. Wrenn. Institute of En\'ironmenlal Medicine.
New York University Medical Center, 550 First Avenue, New
York, N.Y. 10016 04"01. CI"'rn .. 51 (19i9)

Determination 01 Benzidine, Dlchlorobenzldlne, and
Dlphenylhydrazlne In Aqueous Media by High
Performance Liquid Chromatography 210

These compounds can be assayed by direct injection, sol·
vent extraction, or resin adsorption with detection limits
of 1Ilg/L, 50 nglL, and 100 nglL, respectively.
R. M. Riggin· and C. C.l:Ioward, Organic. Analytical. and En\'i­
ronmenLaI Chemistry Section, Battelle's Columbus J..aborotorietl,
505 King Avenue, Columbus, Ohio 43201 Anal. ehem.. 51 (1979)

Determination 01 Trace Level Arsenlc(III), Arsenlc(V),
and Total Inorganic Arsenic by Differential Pulse
Polarography 215

As(JII), As(V), and total inorganic As are speciated at ""b
levels in aqueous reference materials with l1 preliminary
HS03- reduction of As(V). Relative errors range from 0­
19.2% and a RSD range of 2.4-33.1 %.

F. T. Henry, T. O. Kirch, and T. M. Thorpe,· Deportment uf
Chemistry, Miami University, Odurd. Ohio 45056

Anal. Clu·m.,51 (1979)
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Oel<1ra"'rge

Model 501: New. 1Ow-eos1
dIg"al pH melar ra_
to 0,01 pH. Fealuras ATC
and dlgl1al reading of
lemperalure.

Model 407A: Versallle.lop·
of.lhe~lne8Il81og meIer lor
pH and specllic Ion work.
Also available In baUary·
powered tiel!! version. with
carrying case.

Model 201: A 10w·cosI.
hand-held dignal that reads
to 0.05 pH.Comes Wllh car­
rying case and IIna adaptor
to permillaboratory use.

Aak for I demonstrlUon of any ORIO "no 'emon" meter
Ind receive I "no lemon" T·shlrt, free'

Take your pick 01 the "no lemon" cropl Thase are lust a lew
01 ORION's pH and specific Ion meters, priced Irom as lillie
as $220. They're so reliable, each one comes with our
lamous "no lemon" guarantee: If your mater quits lor any
reason other than abuse within ona year 01 purchase, we'll
replace It with a brand new one. Immediately. and without
charge. That's why we say, "ORION eats lemonsI" Mall the
coupon today lor your demo and Iree T-shirt.

Please calt me lor a demo 01 (circle):
501 901 407A 201

T·shirtslze: Omedium 013rge
Name _

Tille Phone (
Organization _
Street _

City State __ Zip _

Orion- "No lemon'"

ORION RESEARCH
380 Putnam Ave.. Cambridge, MA 02139
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Briefs

Photometric Acld-8ase T1tratlons In the Presence 01
an Immiscible Solvent 218

In the titration apparatus described, one liquid phase is
continuously pumped out of a vigorously stirred two-phase
solvent mixture, passed through a spectrophotometer now
cell, and returned to the mixture.
Frederick F. Cantwell' and HuuaiD Y. Mohammed, Depart·
ment of Chemistry, University of Alberta. Edmonton. Alberta,
Canada T6G 2G2 Anol. Chern., 51 (l9i9)

Measurement of Ions within a Pulsed Electron Capture
Detector by Mass Spectrometry 223

Positive ions play 8 significant role in determining the cur­
rent observed with a pulsed electron capture detector.
E. P. Grimarud,' S. H. Kim, and P. 1.. Gobby, Department of
Chemistry, Montana State Uni\"ersity. Bouman, MonL 59717

Anal. Chern., 51 (l9i9)

Mass Spectrum Dictionary lor Ubrary Searching 229

The technique reported requires on the average less than
1% of the spectra to be examined in searching for an un­
known.
R. Geoff Drome)'. Department of Computing Science, Uni\'ersity
of lVollongong, P.O. Bo. 1144, \\'ollongong, N.S.IV. 2500, Australia

Anol. Chern .. 51 (l9i9)

OplimWng Precision In Standard Addllion
Measurement 232

Equations are presented and plotted describing the effect
of increment size on the precision of 8 standard addition
or standard subtraction measuremenL
Kenneth 1.. Ratzlaff, Departmtnt of Chemistry, The Michael
Faraday Laboratories. Northern Dlinois University, DeKalb. Ill.
00115 Anal. Chern., 51 (l9i9)

Fluorescence and X-Ray Photoelectron Spectroscopy
Surface Analysis 01 Metal Oxide Electrodes
Chemically Modnled with Dansylated
Alkylamlnesllanes 238

Fluorometric analysis of the hydrolysate sulfonamide con­
centration assays itJ; surface concentration at 0.5-2 X 10-10

moVcm', and XPES determination of sulfonamide reaction
coupling efficiency yielqs an average a1kylaminesilane cov­
erage of 2.6 X 10-10 mol/em'.
Heary S. White aDd Royce W. Murray: Department of Chem­
istry, University of North Carolina, Chapel Hill, N.C. 27514

Anal. Chern., 51 (1979)

Pulse (Photon) Counllng: Determlnallon 01 Opllmum
Measurement System Parameters 240

E.perimental pulse height distributions and linearity mea·
surements arc used to evaluate scmiquantitatively the
trade-offs among stability, sensitivity, Hnd dynamic range.
E. J. Darland, G. E. Lerol, and C. G. Enke-. Department of
Chemistry, Michigan State University, East LonsinK. Mich. -18824

Anal. Cllern .. 51 f/9i9)

Pulse (Photon) Counllng: A High-Speed Direct
Current-Coupled Pulse Counter 245

The puL"" counter has no base·!ine shift,long·term stabili­
ty. sensitivity of 130 ~V, speed greater than 90 MHz, and
permits remote operation.
E. J. Darland, J. E. lIorn.huh. C, G. Enke,' and G. E. l.erol,
Department of Chemi!ltry, Michigan State University, East lam-
ing. Mich. 48824 Anal. Chom .. 51 f/9i9)

Mlcromolar Voltammetrlc Analysis by Ring Electrode
Shielding at a Rotating Ring-Disk Electrode 250

Ring electrode shielding permits the determination of
Ag(l), Bi(IIl), Cu(ll), and Fe(lIl) at concentration ranges
of 0,1 to 10 X 10-6 M,
Stanley Bruckenstein- and P. R. Gieford, Chemistry Depart­
ment, State University of Ne..... York ot Buffalo. Buffalo. N. Y.
14214 Anal. Cllern., 51 f/9i9)

Optimization 01 Precision In Dual Wavelength
Spectrophotometric Measurement 258

Dual wavelength spectrometric measurement is shown to
be effective in combatting uncertainty due to optical arti·
facts produced by samples and cells under non·id.al condi­
tions.
Kenneth L. RanlaCC- and Hamzah bin Daru., Department of
Chemistry, The Michael Faraday Laboratories, Northern Illinois
UniversilY, OeKalb, III. 00115 Anal. Chom., 51 (/9i9)

Reduction 01 Matrix Interferences lor Lead
Determination with the L'vov Platlorm and the
Graphite Furnace 281

Using the carbide-coated platform, Pb in matrices which
contain chloride, sulfate, and phosphate without resorting
to matrix modifications is determined.
Walter Slavin- and D. C. Manning, The Perkin·Elmer Corpora·
tion, Main A\'enue, Norwalk, Conn. 06856 Arlal. Ch ..'m., 51 (1979)

Molecular Absorption Spectra 01 Complex Matrices
In Premixed Flames 288

Nonawmic absorption in premixed names by untreated
complex matrices is shown to be low in magnitude and due
only to molecular spectra of inorganic sallJl.
R. C. Fry and M. B. Denton,- Department of Chemistry, Univtlr·
lIityof Ariwna, TuCtiOn, Ariz. 85721 Arlal. Chern., 51 (1979)
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lOW, CILCULITE
110 PLOT OPC
RESULTS
IUTOMITICILLY.
If your work involves polymer char­
acterizations using gel permeation
chromatography. here's a new
product that can save you time and
increase your throughput. It's the
Chromatix lOS series. a laboratory
data system with turnkey software
specifically designed to handle GPC
data. Yet. it's so versatile because of
the disk based operation. that it's
easy to customize for your particular
needs or to modify as your require­
ments change.

With the Chromatix lOS. you run
your experiment in the usual way.
Then. while the sample is eluting
from the column. the lOS automa­
tically calculates and stores the data
in real time. and provides a printout
and plot of the results. If desired. the
program can easily be modified to
provide different computations.
reports. or plots. as required.

Besides the GPC program. other puter (part of the PDp· I I family) ming languages are optionally avail-
turnkey application software now operating under DIGITAl's RT·II. able on system disks. BASIC and
available on disk Irom Chromatix The Input/output terminal is a high FORTRAN. Also. since the lSI·ll
includes: I) molecular weight distri- resolution printer/plotter combined is part of the PDP-ll family. the ex·
butions (using a GPC and a Chroma· Into a single unit with a keyboard. tensive software already developed
tix KMX-6light scattering photometer. For program creation and editing. lor this widely used computer can
2) absolute molecular weight (using either of two widely used program- generally be run without modification
the KMX-6). and 3) diffusion coelfi· by simply inserting a new disk.

clents and molecular size (using the I h t- I If you'd like to learn more about
KMX-6 and an autocorrelatorSUCh!: rama IX this exciting new product. call or
as the Chromatlx Model64)., 'writeChromatix today. Or circle

Basic elements of the lOS series 580 Oakmood Porkwoy D61lO3 Nockorvomiinej 2 No. 37 lor LDS brochure. No. 38 lor
are the Chromatlx developed soft· Sunn1'olo. CA iCOlI6 Untorutr_ 450 KMX-6 brochure, No. 39 lor Model
ware coupled with a powerful disk· ~x~o: ~~~"=:x' ~"::,,~ol=)TOlllM2 64 brochure, or No. 40 lor a technical
based DIGITAL- lSI·ll Microc~ Tol..: .e1-691 representative to call.

Soo this now prodUct In Booths 1934/3S .t tho Plttobu19h Conf..onco
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Briefs
NEW

Tape Recordings on

TOXIC
SUBSTANCES

CONTROL

o Toxic Substances Control Act
Implclnt!lllalion of the Tu~it: Suh!'lolanccs Cunlrnl :\cl PUS(~S

many problems and offers ~mc uPIHJrlunitics. The rule 01
CoQ'"ernmcnl. indusln.' and universities is dist:ussed.
5 Speakers .

o Methods for Risk Asses..ment
Risks and haz.ards posed to societ)' by chemicals. radiation.
and olher toxic materials are discussed by scientists and
Go\'ernment spoLesmen. 5 Spellken

o Monitoring Toxic Substances
Or. Bruce Ames and scientists from ERDA and ~IJT discuss
ha;r.ards and dCIL'Clion of carcinogens. mutagens. and olher
toxic sub.."tances found in industrial en\'ironmt~nls.

4 Speaken

o Biological Effects of Pollutants
Expens examine the effects of en\'ironmental pollutants on
health. Long.lennJlow.level studies. and controlled studies
in humans are discussed. 5 Speaken

o Chemical Carcinogens
An in·deplh look at the problem of hazardous subslanccs in
the environment. E)l~rts from ~.1.0.S.Il.. EPA.. and Ihe
National Cancer Inslilule discuss Ihe whal. whr. huw. and
managemenl of lhis growing national problem.
5 Spe.k....

Prices: $19.95 per title (Postpaid)

cassettes only
price includes printed copies of slides used

SPH.I:\I.-S~!l '15 :\n~ Three T,lh's (Postpaid)

ORDER "ROM:
American Chcmil:al Socicl\'
11!j5 Sixleenlh Stwel. N.\\i.
\\'ashinglon. O.c. :.WlI:Ui
l)cpl. AI'

Name

Address

Zip

Gu Ctvomatographlc-Mea Spe<:tromelrlc
Determination of Etorphlne whh Stable IlOtopa
Labeled Internal Standard 288
Etorphine. a potent synthetic analgesic, is determined in
concentrations as low as 2 ng/mL in urine with errors of
about 0.1 ng/mL.
Satya P. JiDdal.' Th....... Luu. and P.r V..te.....rd. Rock·
land Research h\ltilute, Orang.burg, N.Y. 10962

Anal. Chern.. 51 (/979)

Hydroxyl Ion Negative Chemical ionization Mea
Spectra 01 Steroids 272
The spectra are simple and might serve as a basis for analy·
sis of steroids.
T. A. Roy and F. H. Fi.ld,' Th. Rock.f.U.r Unive",ily, New
York. N.Y. 10021, and Yo... Ya... UD and Leland L.Smitb. Th.
Univers.ity of Texas MedicaJ Branch. Galveston. Tn. 77550

Anal. Chern., 51 (/979)

HIgh sensitivity. Continuous Flow ThermochemIcal
Analyzer 278
Small (120 "L) samples of HCI. Ca. and nitrite are analyzed
by a flow thermal detector at a throughput of 60 samples/h
with a precision of 1-3%.
Richard S. ScbiCreeD. Carolyn Sue Millar. aDd P.ter W.
Carr,- Department of Chemistry. Univenily of Minnesota, Min-
neapolis, Minn. 55455 Anal. Chern., 51 (/979)

Uquld Clvomatographlc-Fluorometrlc System lor the
Determination ollndoles In Physlologlcal Samples

283
Several important indolic tryptophan metabolites are de·
termined in cerebrospinal fluid, brain, plasma, and urine
with absolute detection limits of f>...22 pg.
Goo.... M. And.noD· and WllIlam C. Purdy. Departm.nl of
Ch.mistry, McGill Univ.",ily, Montreal, Qu.bec, Canada

Anal. Chern., 51 (/979)

Dual Wavelength Spectrophotometric Detector lor
High Performance Uquld Chromatography 287
Differentiation of structural related compounds in serious
overlapping elution peaks is d.monstrated.
Ku..aDC-Pa.a.c Li· &.ad John ArriD(toD, Department of Chemia·
try, Univ.",ily of Florida, Gainesvill., Fia. 32611

Anal. Chern., 51 (/979)

Analysll of Gasoline lor Antiknock Agenls whh a
Hydrogen Atmosphere Flame Ionization Detector 292
Detection limits are calculated to be 7.2 X 10-12 g/s of Pb
and 1.7 X 10-14 g/s of Mn in leaded and unleaded gasoline.
M. D. DuPub aDd H. H. HllI, Jr.•' Departm.nl of Chemistry,
Wuhinglon Slate Univ.",ily, Pullman, Wuh. 99164

Anal. Chern., 51 (1979)
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What makes our new ONUS DuaI·R,mge 15000 so smart?
It gives you two ways to prollt from one electronic

balance
1) 1sOg x 0.0Ig capaCity and sensltMty or
2) Is00g x O.lg capaCity and serl5ltlVlty
By the touch 01 a bar you enJOY the advantages 01 two

different balances. In one compact unit. With one low pnce
tag - only S1,595 (a lot less tNn some electroniC balances
With a lot less to oIfer).

The braIn behind It all.
The tiny genius tNt controls the 15000 15 our soph,stlcated
miCroprocessor, which stores operator commands, then
responds only after the reading 15 stable.

TNt means human Interaction Without human error, In
more ways tNn one

Consider all tile Intclll,ent features OIIaus
squeued Into each COlllpact 15000...

• Die·Cast COnstruction. Stands up to abuse. Stain
reslslant. Wipes clean. Protects against dust and spills.

• Microprocessor "8I'aln". Fewer components for
greater reliability.

• Compact Size. Ideal for lab table. Sturdy enough for
production line.

• Clearly Labelled Controls. Right up front for qUicker
and easier operation.

• Large, Stable Platform Takes vanety 01 objects and
unexpeded overloads ,n stfLde.

• BI9, Easy to Read Digits. Seen when seated or
standing. If overloaded, "error" shows.

• Span Calibration Adjustment.
Recessed above tare bar.

• Rock·Steady ~Iay. "g" IIghls up for !tablere~
• "Ropidtouch" Tare Bar. Rece55ed to lI\IOId

acc,dentilily tanng.
And you can learn to operate one In Just a few

mInutes.
Give tile new 15000 tile twice oyer.

Send US thiS coupon-and we'lI send you QU' full-color
catalog about the 15000 and all the new Ohaus
Bralnwe,ghs The weigh 01 the f<-<<re.

The Ohdus 15000 Fully guaranteed. And b«lted by
over 70 years 01 Onaus quality englneerlrlS.

Once you have one, you won't hdve to thlrlc twJce
about It

DIWJS
Ohdl..l:o Xdo(> CQfoor~1Ot1 [)ep( \ 1.029
29~.-et~ Floft"dTl Pdf:"'. N.: 0;932 (i12> 377 Q(X)()

DYes. :':-0'0'1 me tr~ ·....el~ 0/ tre 1".(\,JtE!' Ser".o me tl'"le' h.JI colo' c4tb609 on
tt"e ()r~ 8r~.'.-e~

Dim reac, to see d Qe1'Tl()O!,Ud(on P\ease t"'l!"<'e c! deHr~ rep CdI' l"I'lIt

....... -------------------

".,--------------
___________1" _



AIds for Analytical Chemists

Exchange ot Comments: Analytical Methods ot
Bls(chloromethyl) Ether In Air 299

Briefs

298

Frederick C. Strong Itl, Faculdade de Engenharia de Alimentos
e Agricola. Universidade Estadual de Campinas, Cain Postal No.
1170,13100 Campinas, S.P.. Brasil Anal. Chern .• 5/ (/979)

Charles C. Yao,- Bendix Special ProjectA Laboratory, Launch
Support Di\;sion, Cocoa Beach. Fla. 32931, and Heinrich Zol­
linger, Technisch·chemisches Laboratorium, EidgenOssi.sche
Technische Hochschnle (ETH). 8092 Zurich. Swiuerland, and G.
J. KaIlOl, - R.. A. Solomon, and J. C. Tau, Analytical Laborato·
ries, Dow Chemical U.s.A., Midland, Mich. 48640

Anal. Chern., 51 (/979)

Determination 01 the Natural Abundance 01 Iron-58 by
Neutron Activation Analyllls 308

P. F. Schmldl,' Bell Telephone Laborawrie., Incorporated, AI·
lentown, Pa. 18103, and J. E. RUey, Jr., Bell Telephone Laboraw·
ri..,lncarporated, Murray Hill, N.J. 07974

Anal. Chern., 5/ (1979)

Simultaneous Determlnallan of Americium and Curium
In Solt 295

The precision for americium and curium activities between
0.1 pCi/g and 1.0 pCi/g i. between 3-8%. The deteclion
limil i. 0.002 pCi/g and there i. no deleclable bia•.
Michael H. Hiatt and Paul B. Hahn, U.S. Environmental Pro­
tection Agency, Office of Research and De\'elopmenl, En\'iron·
mental Monitoring and Support Laboratory, P.O. Box 15027. Las
Vegas, Ne\'. 89114 Anal. Chern., 5/ (/979)

Thin Carbon Foils lor the Elimination ot Charging
Effects In Proton Induced X-Ray Emission
Spectrometry 302

H. Oona, Stephen J. Kirchner, Peter L. Kresan, and QuintUi
Fernando,- Department of Chemistry, University of Arizona,
TuC50n, AriL 85721, and Harry Zeitlin, Department of Chemis­
try, University of Hawaii, Honolulu, Hawaii 96822

Anal. Chern .. 5/ (1979)

CotTespondence

Regression Line That Starts at the Origin

S. Altree-WilliaIJ1lj, Division of Occupational Health & Radiation
Control, Health Commission of New South \Vales, P.O. Box 163,
Lidcombe, Australia 2141, and J. W. Edmoncb. Analytical Labo­
rawri.., Bldg. 574, Dow Chemical Ca., Midland, Mich. 48640

Anal. Chern., 5/ (/979)

Exchange 01 Comments: Particle Size Effects In the
Determination 01 Respirable a-Quartz by X-ray
Diffraction 304

LIF·O·OEn®
SPECIALTY OASES

Uf.o-Gen Is a Ieadlng specially gas manufacturing
company wtlh Iolal capabilities In pracesslng a broad
range 01 high purlly " ••earch gases, prlmatY gal
callbrallan Ilandatds, and gas mbdures as _II as a
campi..... line or gas handling equipment,
InsItumenlaIlon and anatyllcal dlMces.
Fot potlIculQl gases at equipment to meet your awn
special requlremenls, plea... Wf"e at phone Uf.o-Gen',
Speclally Gas Department, p.o. Box 149 Woods Rd,
Cambrldge, Matyland 21613 (301) 22M>tOO
twX: 710-&65-9652

UF-D-6E11t!> OFf£lS
, Pute Gases , Gas Mbdures , Gas Handling Equipment
• Gas CIIIamalagraplls • Electronic Gases , Pollullon
Monllatlng Gases • Collbratton Gases • Complete
range 01 rellilable and disposable aluminum and _I
cytlndetl • Uf.o-Gen" Gas Encyclopedia, the mast

compl..... and adYanced encyclopedia
01 IIIldnd In the WOI1d

ur-O-(jr~ .._.._.....
p.o. 10><149,_Rd.
Combtldge, MoryIond 21613

A kIbIIdory 01 UqWd AM Corp. 01 HotI'l AINfk:o

·~t979.I.I-().Geft·

alCtf 213 ON lEADER SERVICE CARD
S. UJ at the PitUburgh Confer.nce, Booth, 1701 .nd 1703
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Effective X-RayAnalVsis

TN-lOOO
The TN-2000 is the most

powerful system available for
quantitative X-Ray spectrum
analysis.

With programmable opera­
tion. a number of data reduc­
tion and analysis routines are
available Isuch as ZAF,
Bence-Albee, Ras­
berry Heinrich,
thin film correc­
tions and multiple
least squares fit­
ting and decon­
volutionl·

And the
hardware is
strictly "state of
the art": The dis­
tributed processing
design uses the
LSI-1lI2~ Iwhich is
capable of a variety
of simultaneous
operationsl for data
analysis and sys­
tem control. For
the ultimate in
number-crunching
quantitative
analysis, a PDP-
II ~ type minicom­
puter can be sub­
stituted for the
LSI-II12.

X-Ray spectra
are stored in a 24
bit (bipolarl mem-

ory, and displayed on a high
resolution CRT. Multiple Re­
gions of Interest are standard
along with an exclusive peak
search routine that displays
KiM line markers and up to 20
separate elemental peak labels.

Yet, with all this, the TN-

ID8J(oo)[j' Northern

2000 features an economy of
operation unmatched by any
other analyzer. The EnJdisb
language commands tliat con­
trol the system are entered on
a pressure sensitive touchpad
diat is backlicltted for use in
the darkenedlab environment.

A variety of 0p­
tions are also of­
fered to upgrade
the TN-2000, in­
cluding floppy disk
storage, mag tape,
printers, plotters,
etc. Where column
automation is re­
quired, the TN­
1310 MECCA
IModular Electron
Column Automa­
tion) can be com­
bined with the
TN-2000 system
for simultaneous
EDSand WDS.
The TN-13lO has
been successfully
used to automate a
number of diller­
ent columns and
provides outstand­
ing results when
used with the
TN-2000.

For more in­
formation contact
Tracor Nonhern.

2551 Wrst Bthlinr Hi&hway I Middleton, Wisconsin S1562/l608) 831-65111 TWX-91()..28G-2S21
Trleor Europa B. V. I Schiphol Airport Anuttrdam f Buildinll06, The Nrtbrrbncb I TtIt'phODt' (010) 'It 1S65 I Ttlu 13695

.OEC T,ad.mart!.
CIRCLE 201 ON R~DU SERVICE CARD
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Briefs

Errors In the Atomic Absorption Determination 01
Calcium by the Standard Addition Method 307

J. W. Hosking: K. R. Olh·er. and B. T. Sturman. Department
of Chemistry, Western Australian Institute of Technology, Bent·
ley, WA 6102, Australia .4nal. Chern., 51 (/9i9)

Analysis 01 Bls(trlmethylsllyl)acetamlde lor Purity by
Proton Magnetic Resonance Spectrometry 311

Gordon Munro: John H. HUDl. and Leonard R. Rowe. Glas:o·
AlJenbUl)'S Research Ltd., Wa.., Herts., England, and Michael B,
E,'ans. The Hatfield Pol}1echnic_. Hatfield. Herts.• England

Anal. Chern., 51 (/9i9)

Pressure-Volume Technique lor the Calibration 01
Ozone Analyzers 313

lkuo Watanabe and Edgu-R. Stepbca.s.,· Statewide Air Pollu­
tion Research Center, Universit)' of California. Riverside. Calif.
92521 Anal Chern .. 51 (/9i9)

Wet Digestion Method lor the Determination 01
Mercury In Biological and Environmental Samples 315

J. Ross Knechtel- and J. L Fraser, Wastewater Technology
Centre, Environmental Protection Sentice, Environment Canada.
Burlington, Ontario L7R 4A6, Canada Anal. Chern.. 51 (/9i9)

Probe lor Direct Exposure 01 Solid Samples to the
Reagent Gas In a Chemical Ionization Mass
Spectrometer 317

IWbert J. Colter. Johns Hopkins Uni"ersity School of Medicine.
Department of Phannacology and Experimental Therapeutics,
Baltimore, Md. 21205 Anal. Chern .. 51 (l9i9)

Spectrophotometric Determination 01 Secondary
Amines 319

Dale H. Kar",elk- and Carl H. Meyers, Department of Chemis­
try, Wayne State Univel"6ily, Detroit, Mich. 48202

Anal. Chern., 51 (/9i9)

CONSERVE GAS - SAVE $$$
WITH GAS MISER™
Helium or other carrier gas costs for GC can be reduced
considerably with Ihe Gas Miser from Malheson. Gas
Miser enables gas chrumatographers to maintain are·
duced carrier gas now when Iheir Ges are on standby.
The Gas Miser pays for ilSdf in less than a year.

,.

Matheson recommends that gas dlTol11:Jtographs be set
on standby when not in usc. Until now, this entailed
spending valuable lime adjusting the pressure re~ulaturs

and needle valves - only to readjust them when Ihe sys·
tem was put back into usc. Gas Miser docs the job of re·
ducing the gas now wilh Ihe flick of a swilch. Full gas
now is restored just as easily.

ConSlruction is '.'f copper and brass. Gas Miser is sold
with a 100 psig gauge. Instructions for set up are in·
cluded with every instrument. Contact Matheson,
1275 Valley Brook Ave., p.o. Box E, Lyndhursl, NJ 07071.

CIRCLE 138 ON READER SERVICE CARD

LAB STAT liS MONITOR
Matheson's LAB·STAT II Model 8222 is a conlroller
that can monitor any laboratory operation involving a
changing liquid level.

There are two interconnected components: a sensing
probe and an amplifier conlrol chassis. The sensing
probe employs' a temperature compensated, vohage
regulated, solid·Slate oscillator sensilive to small changes
in electrical capacitance 10 ground. Slight changes in a
liquid level aher Ihe electrical capacilance of the probe
and its circuitry.

Clipped 10 a laboralory thermomeler, il can be used as
a warning device for accurate, temperature control, to
0.1' C. h can delect slight liquid changes in barometers,
manometers, and sighl glasses. Outlels on Ihe amplifier
accommodate on/off switches and alarm. A MuhiPle
Probe Module (also piclured) is available fur attaching
up to four probes to a single LAB·STAT II.

For' furlher informalion, conlacl Malheson, 1275
Valley Brook Avenue, P.O. Box E, Lyndhursl, NJ
07071.
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Get more than reliable
spectrophotometric hard­
ware. Get unmatched
backup to go with It.

BlulCh &Lomb 5crvlcc A
Bausch & Lomb SPECTRONIC~

Spectrophotometer is the most reli·
able of its kind to own, for several
reasons. First, it's backed by a
nationwide network of Bausch &
Lomb and dealer sales/service
centers. Our people help you
before the sale as well as after,
showing you the best way to use
our instruments. Next, you'll find
that our hardware is designed for
the utmost uptime. It can be easily
checked and calibrated in minutes,
and its modular electronic compo·
nents are quickly replaced in the
lab. And all of our spectrophoto·
meters, of course, carry a free one·
year warranty covering all parts
and labor. So, again and again, our
service assures you of getting the
right answers when you need them.

Blulch & Lomb Appllcd
RCIClrch Our Analytical Prod·
ucts Applications Laboratory is
another source of right answers for

you. It's staffed with scientists
whose job it is to answer the
who's, what's, where's, when's
and why's concerning spectro·
photometric analysis. Whether
you own one of our instruments
or are evaluating instruments for
purchase, you can avail yourself of
this valuable service-absolutely
free. And if through our equipment
we can't help you obtain those all·
important right answers, we can
tell you who can. What's more,
you'll benefit from the information
we provide, not only from our own
data bank, but from our access to
the Corporate Science Library and
other information retrieval systems
such as NERAC and Lockheed/
DIALOG. Bausch & Lomb Applied
Research ... helping you get the
right answers again and again.

BIUlch & Lomb'l Dm link
Again, more right answers. Within
our Applications Laboratory, our
Data Bank contains more than
14,000 references to methodo­
logies applicable to Bausch & Lomb
instruments, many of which were
developed in the Laboratory to
answer requests like yours. The
content of this Data Bank is multi·

disciplinary. Access is immedUlte.
And access to this information is
free to all owners of Bausch &
Lomb instruments. The Bausch &
Lomb Data Bank-the need for right
answers keeps it working for you.

BluICh & Lomb: 716-385-1000,
Ext. 315. Call us today at this
number and get the right answers
about any of our services-our
superb line of spedrophotometers,
our unmatched service, our Appli­
cations Laboratory, or our Data
Bank. Find out how all this makes
Bausch & Lomb your best choice
for what your business needs:

THE RIGHT ANSWERS

Iii
BAUSCH & LOMB~
ANALYTICAL SYSTEMS DIVISION
ROCHESTER, NEW YORK 14625

Again and again,
the right answers come

from Bausch Be Lomb

Sec us at the Plttsbursh Conference, Booth iiO.
CIRCLE 26 ON UAOER SERVICE CAIO
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Reader Survey Results

analytical
chemistry

A large majority, 85.2%, of respondents to the November Reader
Survey on Federal regulations believe that. scientists need new
mechanisms to make their views known to Federal authorities.
Only 21% believe that t.he scientific data used as the basis for t.he
formulation of regulations are adequate. However, unly a slight
majority, 58.8%, feel that. the number and kind of Federal regula­
tions that impinge upon t.he work of chemists are excessive. For
complet.e results to the November Reader Survey, see below.

No 14.8%Yes 85.2%

I. In general, do you feel that. the number and kind of Federal reg­
ulat.ions that impinge upon the work of chemists are excessive?

Yes 58.8% No 41.2%

2. Are there any facets of your work (research, munitoring, (.esting,
et.c.) that. are in any way relat.ed t.o Federal regulations or the regu­
lat.ion-setting process?

Yes 81.2% No 18.8%

3. Do the regulations with which you are familiar make sense to
you in comparing costs vs. the public good?

Yes 43.2% No 56.8%

4. Are you or any of your colleagues interacting with Federal regu­
lation adoption processes?

Yes 50.1% No 49.9%

5. Do you feel that. the scient.ific data used arc adequat.e for regula­
tions as they arc now being formulated?

Yes 21.0% No 79.0%

6. Do you believe that scientists have an effective voice in the regu­
lation-setting processes?

Yes 14.6% No 85.4%

7. Do you believe that scient.ists need new mechanisms to make
their views known to Federal authorities?

8. Do you believe that scientists should become more involved in
the political processes?

Yes 78.0% No 22.0%

9. Do you keep up-to·date with Federal moves in rel;ulatory areas
by reading the Federal Register or another publicatIOn devoted to
the regulatory area?

Yes 45.6% No 54.4%

10. Did you read the article on REGULATIONS in this issue, page
1229 A?

Yes 87.0% No 13.0%

ClRCtE 74 ON READER SERVICE CARD

Visit at the Pgh. Conference.
Booths 1041-46

122 A • ANAlYTICAL ClEMISTRY. VOL 51, NO.2. FEBRUARY 1979



HPLC
Solvents

byJ.l: Baker

High performance liquid chromatography problems
are frequently related to the variability of the reagents
used. Specifically: spurious UV absorbance, particulate
maller, residues, unknown or uncontrolled water, etc.
17 Baker HPlC solvents, however, now provide
maximum reproducibility... new predictability."
exceptional consistency.

How is such unusual consistency achieved?
Extremely tight specifications coupled with

superior product definition create consistency.
Examples? HPlC Acetonitrile is controlled for low

UV absorbance at 210 nm (0.10 max.). 254 nm (0.05
max.). 280 nm (0.02 max.) and at 350 nm (0.01 max.);
water 0.02% max.: residue 0.0005% max. Refractive
index: controlled. consistent. Plus physical data. And
of course, the actual lot analysis for the specific lot in
question is always on the 'Baker Analyzed'''' container
label. You can always verify our claims for
reproducibility beforehand.

Consistency? Here are 10 consecutive lots of
Baker HPlC Methanol:
LOI I 2 J ICI
........ , 000 OCK om 003 002 OeD Del Oal OOl O-G)
~, OOOlIJ OCDJ'l 0000'1 OClCl:n OOCO! OODCl2 OOClCl OCllX'mOC1OllCl&OClCllm
AOa .,~rm <00'1 <oOS <001 <O~ <001 <003 COOt <01:e <O~ <OaI

A tested water content of 0.02-0.04% and a residue
after evaporation of 0.00005-0.0003%. Our Iot-to-Iot
product consistency provides you with solvents
affording the best reproducibility.

Baker HPlC solvents are stocked where you need
them. Contact one of the more than 120 Baker
distributor locations in the U.S. and Canada to
implement a stocking program to suit your needs.

For emergency shipments on HPlC solvents.
your distributor can provide special Bakar Super
Service by calling a Baker Super Service Center for
immediate shipment to you.

For more information. please use the coupon below
and send to J.T. Baker Chemical Co., Phillipsburg. N.J.
08865. or call 201/859-5411.

J. T. Baker
"use matched" products and•..Super Service

~
Q,-,.

CHEMICAl..S
r----------------------,I J. T. Bake, Chemocal Co
I PtWbpsllurg. N.J. 00865

I 0 I'm inleresled In IeSlrung mot"8 about the Baker HP\.C sotvenCS that
I are con~lenl battle-lo-bOttle. 6Ot·to-k>t. bOnte-to-bOttle. klt·to-aet.
I boltle·to-boIt... loI·to-iol. boIt">-to-boltle. loI·lo-lot-.

I Name

I ToleI =--------------
I

_____________ Zlp _

CIRCLE 19 ON READER SERVICE CARD Soo ...."he Pittsbu'llh ConI......... Boolhl405. ~1._.411.
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Cleveland Convention Center
Cleveland, 0 hio
March 5-9, 1979

The 30th Pittsburgh Conference on Analytical
Chemistry and Applied Spectroscopy will feature a
technical program appealing to the wide range of in­
terests ofchemists and spectroscopists. The 84 technical
sessions scheduled include 15 planned symposia and a
total of 739 papers. In addition, the Exposition of
Modem Laboratory Equipment, held in conjunction
with the meeting, will feature the largest exhibition in
conference history with over 370 exhibitors showing the
latest analytical instrumentation and related chemicals
and supplies.

Preregistration is urged. Registration forms mailed
before February 9, 1979, can be processed so that a
badge, program, and souvenir will be mailed to at­
tendees. Registration fees are $10 for preregistration,
$20 for regular registration, and $3.00 for students and
are payable when badges are picked up. A pocket ad­
mission tab for the exposition only will be provided free
of charge. Registration forms may be obtained by
writing to Mrs. Margaret Davison, Convention &
Business Bureau of Greater Cleveland, 511 Terminal
Tower. Cleveland, Ohio 44113. Housing information
may be obtained from Alice Virnak at the same ad­
dress.

During the Conference several awards will be pre­
sented to honor scientists who have made outstanding
contributions to analytical chemistry and spectroscopy.
The 1979 Pittsburgh Spectroscopy Award will be pre­
sented by the Spectroscopy Society of Pittsburgh to
John S. Waugh, Noyes Professor of Chemistry at the
Massachusetts Institute of Technology. Dr. Waugh will
be cited for his many valuable contributions toward the
development of NMR instrumentation and the math·
ematical treatment of nuclear spin systems. His most
notable effort was the development of techniques for
obtaining high·resolution NMR spectra of solids.

The Society for Analytical Chemists of Pittsburgh
will present the 1979 Pittsburgh Applied Analytical
Chemistry Award to Malvina Farcasiu of Mobil Re­
search and Development Corp. The award is given for
her paper, "Fractionation and Structural Character­
ization of Coal Liquids" (Fuel, 56,9,1977).

John H. Beynon, Royal Society Research Professor
of Chemistry at University College of Swansea, Wales,
will receive the 1979 Maurice F. Hasler Award for his
studies of organic molecules using mass spectrometry.
The Williams-Wright Award, recently established by
the Coblentz Society for the recognition of industrial
spectroscopists who have made contributions to the
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Room 240
Room lOS
Room 239
RoomJA
Club Room B
Room 23SA
Room 2358
lillie Thealer
Boll Room

Room 240
Room 205
Room 239"
Room JA
Club Room 8

Room 23SA
Room 2358
llule Thltiller
8.11 Room
MUSICHoIIlJ

TUESDAY AfTfIlNOO
ew Instrumenuhon and Instrumental Concepts

5ympotlum: Photoacoustic Spectroscopy
~ne,,1 Surface Analysi.
Fourier Transform Infrared Spectroscopy I
liqUid Chromaloar'phy Appllcalions I
Ion Chromalography-Thin-layer ChromatOllraphy
Environmentil Aru:lysis-Air Pollution JI
Symposium: Microprocessors in Action
Atomic Absorplion Spectroscopy IV
Sympotium: TrlIce Analysi1 with CI... C.pillory

Column in GiS Chromatography

MONDAY AfTERNOO

~neral Mass Spectroscopy
Polymer Analysis
UV-ViSible Spectropholometry I
Nt"W InSlfumentation II
DelCClOrt in liquid CIlromatog",phy
Sympotium: Applicatoon o( Hiah-Pr",.ure liquId

Otromatography to fnvironmenul Ptoblerm-­
Pradial Applialtons and Regulatory
ConsIderations II

Environmental ANfysis-Wilter PoUuuon II
Sympotium: Appliatoon. o( Ion Chromalography
Atomic Absorplion Spectroscopy II
Q! Chromatography-Oatil Processing

linle Theater
B.II Room

Room 235A
Room 235B
lillie Theile,
Boll Room
Mu.ic Hill

Room 205
Room 239
Room 3A
Club Room B

Room 240
Room 20S
Room 239

Club Room B
Room 23SA
Room 2358

March 5----------------------------
MONDAY MORNING
Cel Permeallon ChromaloSrllphy
Mass Speclromelry Application.
New Instrumentation I
liquid Chromilos",phy Sytlem ComponenlJ
Sympo.lum: Application o( Hiah·Pressure liquid

Chroma(08,~phyto Environmental Problems-­
PrlIctic.1 Application. ond Regulilory
Considerations I

Environmental Analysls--Water Pollullon I
Sympotlum: labowory Da.. Management
Atomic Absorplion Spect,oscopy I (Fromeles.)
Ca. Chromatography-ln.tNmen"lion

1979 CONDENSED PROGRAM
All Sessions Are in the Cleveland Convention Center

March 6----------------------------
TUESDAY MORNING
UV-Vi.ible Speclropholomelry II
General Photoacoustic Spectroscopy
ESCA. Auser, and Electron Analysi. Techniques
Optimizallon of liquid Chromilos"phy

OpefJling Parameters
ew Instrumentation III

Environmental Analysis-Air Pollution I
Symposium: Fourier Transform/Computer

Di.perti"" Speclroscopy
Atomic Absorption Spectroscopy III
Symposium: Practical Applications of Clus

Capillary Columns in Ca. Chromilos"phy

Room 23SA
Room23SB
little Theater
Boll Room

IU1ic Hill

Oub Room B

Room 240
Roo", lOS

Room 239
I!oom 3

WID 'ESDAY AFTERNOO,
Roman Spect,oscopy
Tr'ilce An.Jlysis
Symposium: 'ew InstrumenQtion and Techniques

for 5urf"e Analysis lAST \ E-42J
Clinial Chemistry
In("red Spectroscopy I:liquid ChromatOSrllphy

for Drug and Oinical Analysis
Symposium: Use of ICAP Emission (or

Environmental Anal is
Environmental Anllysis-General
1979 A-ro. Symposium
Ca. Chromatography-Aid.
l~ratoryAutomation

Club Room B

Room 240
Room lOS

Room 239
Room JA

Room 23S
Room 235B
linle Theater
Boll Room
Music Hill

March 7----------------------------
WEDNESDAY MORNING
Masnetic ResonVlce Spectrometry
Emission Spectrosriphic Analysis
Sympotlum: ow Techniques in Applied

Surface Characteriution
Fourier Trinsform Infrared Spectroscopy If
liquid Chromatography Applicallon. 11­

Biomedical
SymposIum: Environmental Organic Analysis of

Water and Sediment
Environmental Analysis-Air Pollution III
Ca. Chromilography-Detectort
Atomic Absorplion Spectro.copy V
0.1 NOJOlO Aw.nI Sympotlum

Room 23SA
Room 2lSB

Room 23SB

little Th ale,
Boll Room

IWlcH.1I

Room23SA

Club Room B

Room 240
Room lOS
Room 239
Room 3.

liquid Chromatogrophy no! IS fler
Delection: D... Handling

Food Analyti.

THURSD Y AfTtR 00
luminescence pp'lcatlons
Genenl Anil . is
Biochemical Anal Is
Emi slon pecleo copy-Geo rail
The Column in HIgh-Performance liquid

Chrom'losraph .
Symposium: TrICe NI) is in Charaeteriuhon

of Material
ulom.led Electrochemical .nd

peclrochemlcol , Ihod
Coblen12 Society A".nI _ ..lions oncI

Symposium
CO' ChromJlographl-Apphall n
Computer pplicationli II: ' \lOicomputeB

Room 240
Room lOS
Room 239
lillie Theiler

Room 240
Room lOS
Room 239
Room 3

Club Room B
Room 23SA
Room 23SB
lillie Theiler
8.11 Room
lu.lc H.II

March 9--------------------------
FRIDAY MORNING
Thermal Method. o( An,ly.i
X·R.y fluore.cence, X·Ray Diffroction
ToxlcoloSY and D,uS Analysi.
Emission Sp Clro.copy-Ceneralll

March 8-------------------------~--
THURSDAY MORN) G
Fluorescence-luminescence
EleclrOln,IVti,,1 Chemi.try
An,ly.i. of Oil .nd Olher Organic Pollul,nt.
Infrared SpeClro.copy II
Preparalive liquid Chrom.losraphy/Simpling

Syttems: HPlC
Induclively Coupled Plasm' Speclro copy
Symposium: New Techniques on Ihe Horizon
Symposium: Biomedial Aspects
C•• Chromilography-Ancillary Techniques
Computer Appllcilions I: ticroprocessors



interpretation ofvibrational spectra, will be presented
to Norman B. Colthup, American Cyanamid Co.

On Wednesday morning the 1979 Stephen Dal Nog­
are Award will be presented to J. Calvin Giddings of the
University of Utah for his contributions to chromato­
graphic theory. On Thursday afternoon the Coblentz
Award will be presented to Lionel A. Carreira of the
University of Georgia for his work in coherent anti­
Stokes Raman spectroscopy.

The social program will begin Sunday evening with
"The Common Bond," a Cleveland-based singing group.
The performance will be held in the Music Hall at the
Convention Center, and admission will be by registra­
tion badge. Other planned activities include Americana
Night at the Frederick C. Crawford Auto-Aviation
Museum, a conference mixer, and a dinner-theater
party.

Technical tours have been planned during the week
to Gould Laboratories, Union Carbide Corp. Parma
Technical Center, NASA Lewis Research Center, and
Standard Oil Research Center.

The American Chemical Society will present seven
short courses just preceding and following the confer­
ence. For titles, fees, and other details, see page 204 A,
this issue. During the meeting Konles will present a

Award Winners

seminar on procedures for sample preparation and
cleanup, and SAVANT (Sloane Audio-Visuals for
Analysis and Training) will offer two audiovisual
courses on liquid chromatography and atomic absorp­
tion. Further information on these can be found in this
issue, page 208 A.

During the course of the week, various committees
and subcommitlccs of the American Society for Testin~

and Materials will meet. Executive and governing board
meetings of other societies are also scheduled, and
ANALYTICAL CHEMISTRY's Instrumentation Advisory
Panel will meet.

An employment bureau will be operating in Room 216
at the Convention Center. This service is available to
all registrants without charge. Advance registration is
urged. Job candidate or employer forms are available
from Peter M. Castle, Westinghouse R&D Center, 1310
Beulah Road, Pittsburgh, Pa. 15235 (412-256-3566).

Further information on the meeting is available from
John A. Queiser, U.S. Dept. of Energy, 4800 Forbes
Avenue, Pittsburgh, Pa. 15213 (412-892-2400, ext.
585).

The following pages of ANALYTICAL CHEMISTHY
contain the complete technical program and coverage
of new products to be shown at the Exposition.

Conference Officials

JoluJ S. W.u..b
Pitl.burgh Spectroscopy

Award

Norm.a B. Col/bup
Willia",,- Wright Award

Malvina Farcu;u
Pitt,burgh Applied

Analytical Chemutry
Award

J. C~vJa GlddJa..,
Dol Nogare Award

John H. Beynon
Maurice F. Hasler Award

Lionel A. CarreIra
Coblentz Award

1979 Board of Directors
President: Herbert L. Relcofsky, U.S.

Dept. of Energy
Vice President: Harold A. Sweeney,

Koppers Co., Inc.
Chairman (Society (or Analytical

Chemists o( Pillsburgh): Hobert
W. Baudou., U.S. Steel Corp.

Chairman-Elect (Society (or Ana­
lytical Chemists o( Pittsburgh):
Richard S. Oanchik, Alcoa Tech­
nical Center

Chairman (Spectroscopy Society o(
Pittsburgb): Hichard Obrycki,
Koppers Co., Inc.

Chairman-Elect (Spectroscopy So­
ciety o( Pillsburgh): John E.
Graham, Koppers Co., Inc.

Past Conference Chairman: Jane H.
Judd, ~Vestinghuusc Electric
Corp.

Treasurer: John E. Grahum, Koppers
Co., Inc.

Assistant Treasurer: Hobert W. Buu­
dou., U.S. Steel Corp.

Executive Secretary: Charles J.
McCafferty, Jr., PPG Indu.,tries,
Inc.

Conference Committees
Acllvilles:

Chairman: J. Kevin Scanlon, PPG 1,,­
dustries, Inc.

Assistant Chairman: John P. Auses,
Alcoa Technical Center

Cleveland Liaison: Norma Bottone,
Union Carbide Corp.
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CoNFERENCE CLARION
*** Pitl8burgb Conference in Oeveland, Ohio, March 5 - March 8 ***

AD procIuc:t .... on ......
• Alomic Absorplion
• Data Handling Systems
• Elemental Analysis
• Ruorescence
• Gas Ctvomatography
• Head Space Analysis
• Infrared
• Liquid Chromatography
• Microbalances
• Nuclear Magnetic Resonance
• Polarimetry
• Scanning Auger Microprobes

• Thermal Analysis
• Uttraviolel

Stay-at-homes can
visit show by mail

Anyone who can1 get to !he Cor>­
terence can stillieam !he details at in­
struments allhe exhibil. Simply write tor
Iilerature to PerI<in-EImer Corp.. MS-12.
Main Ave.. Norwalk. CT 068S6.

Thirty booths to
reveal TnamTTWth
array ofanalytical
instrumentation,
technology

In an exhibit packed with innova1ion
and variety, Perkin-arne< again
emerges as !he "must see" attrac1ion
for thousands at PIttsburgh Conference
viSl1ors.

The big overau feature, ot CXlUrse, is
!he extension at microcompu1el' contrat
to p'aettCalty every anaJyticaI technique
served by Perkin-Emer instrumentatiOn.
For E!ltaffiIlIe, there's !he new AS-l 00
Automatic Sampler IIIat measures
sample volumes and injects !hem
automatJcalty 10 provide round-lhe­
clock operation for !he SIGMA series 01
gas chromatograptrs.

(Continued in CIeve/aIltd)

More fluorescence, UV
units being introduced

A tull line oflluorescence spec­
Irophotometers Will make their
appearance at Perkin-Ellner's show
exhibit. They range from the micro­
compuler-conlrolled research grade
Model MPF-44B, incorporaling many
advances in technology, 10 the new
Model 3000, which brings lhe pertorm­
ance advantages of lhe microcom­
puler to routine work.

The new UV/Vis Model 320 - !he
second generation in microcomputer
conlrol (Conffnued in Cleveland)

Collee mug crowd Perkin-Elmer's
oller 01 tree collee mug, personaJlZed
With owner's photo, drew big crowds at
preVIOus Pittsburgh Conferences. Oller
Will be repeated thIS year.

flameless capabililies enable rt 10 dehver
two days' work Ifl one day's II/ne Will be
a fealure oflhe Perksn-Elrne< AA exhibtt.
II'S lhe Model 5000, lhe top-hne Iflstru­
ment thai can p'ocess 50 samples for
$IX e~ments In 30 ITIInutes automahcal·
!y. wilh every parameler under mICro­
computer conlrol.

There's also Ihe new HGA-400
Graphlle Furnace With microcompuler
conlrol and (Contsnuecl in Cleveland)

Universal
LC sy'stem to be
unveiled at show

lorms p'aclically any funcllon the
operator desires. including

(Conllnued ,n Cleveland)

AA instruments crowd
agenda of things to see

A unll whose auiomaitc Ilame and

PERKIN-ELMER READIES BIG PIITEXHIBIT
.~~ lP.-..,,~_

POSSlbly the mosllar·reach·
Ing developmenlln LC makes
Its bow allhe exhltltt IhlS year.
II's a super-versaille syslem Ihal
oilers 'IInually InliMe options lor
tailOring an analys:s WIthout
regard (Conllnued in Cleveland)

Nezv IR Data Station
big"infrarnation''source

A fast, precISe. and Iow-eost unit lor
handling dala tram IR Instruments per-

Four rooms for deTTWS
augment flOor booths

Besides Its floor exhIbit. Perkin-Elmer
Will present demonstratIOns of new 111­
slrumenlalion (Continued In Cleveland)

PERKIN-ELMER
Expanding the _rl<I ol.n~y\lcIllchemillry_

CIRCLE 160 ON READER SERVICE CARD
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Audiovisuals:

Chairman: Charles D. Gaitanis, Alcoa
Technical Center

Auialanl Chairman: Paul Bauer,
Westinghouse Electric Corp.

Employment:

Chairman: Peter M. Castle, Westing.
house R&D Center

Auiatanl Chairlady: Marilyn Senne·
way, ARCO/Polymers, Inc.

Exposition:

Chairman: Allen J. Sharkins, Alcoa
Technical Center

Aaaiatanl Chairman: Richard S. Dan·
chik, Alcoa Technical Center

Auiatant: Joseph Orosi, Alcoa Tech·
nical Center

Housing:

Chairman: Homer J. Birch, U.S. Steel
Corp.

Aaaiatanl Chairman: Ralph M. Ray·
beck, Jones & Loughlin Steel
Corp.

Printing:

Chairman: John A. Queiser, U.S. Dept.
of Energy

Aaalatanl Chairman: Marjorie A.
Phillips, Koppers Co., Inc.

Program:

Chairman: S. David Cifrulak, Colgan
Corp.

Assistant Chairman: Hector Silva,
Westinghouse R&D Center

Publicity:

Chairman: Charles J. Belle. Ferro Corp.
Technical Center

Assistant Chairman: Dan P. Manka,
Consultant

Cleveland Liaison: Allen T. Pollock,
Harshaw Chemical Co.

Registration:

Chairman: Richard Obrycki, Koppers
Co., Inc.

Assislant Chairman: Frank W.
Plankey, University of Pitts·
burgh

Aaaistanl: Rita M. Bastiani, Pittsburgh
Public Schools; Emest F. Tretow,
Wheeling Pittsburgh Steel Co.

Society Meeting Coordination:

Chairman: William D. McAninch,
Alcoa Technical Center

Assistant Chairlady: Margaret A.

McMahon, Allegheny Ludium
Steel Corp.

Special Projects:

Chairman: William M. Hickam,
Westinghouse R&D Center

Aaaistanl Chairman: George L.
Vassilaros, Colt Industries

Aaaistanl: Rita M. Bastiani, Pitt.•burNh
Public Schools

Special Assistant to the
President:

Edwin S. Hodge, Ret ired

Advisory to the President:

Harry Fracek, Fisher Scientific Co.

Spouses' Program:

Chairlady: Irene McCafferty, Pitts·
burgh, Po.

Assistant Chairlady: Louise Manka,
Pittsburgh. Po,

Long-Range Planning
Committee:

Chairlady: Jane H. Judd, Westing.
house Electric Co.; Robert Mainier
John F. Jackovitz, Joseph A. Feld:
man, Alex J. Kavoulakis, Robert E.
\\'itkowski

SEE ALLTHIS ATCLEVELAND­
AND MORE!

You'll miss plenty if you don't see our new thermal
analysis equipment at the Pittsburgh Conference.

From the leader: DSC-2 Differential Scanning
Calorimeter. TGS-2 Thermogravimetric Analyzer.
TMS-2 Thermomechanical Analyzer. Model 240

Automatic Elemenlal Analyzer. and a new micro­
processor·controlled temperature programmer. If
you can't come-write' Perkin-Elmer Corp.,
M.S.12, Main Avenue, Norwalk, CT 06856.
Or Telephone: (203)762-6915.

PERKIN-ELMER
hptlnding the world of ,)nl1llyliul (heml~lry.

CIRCLE 15S ON READER SERviCE CARD
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FORQUALITY
INSTRUMENTATION,
ENTER PERKIN-ELMER

Enter Perkin-Eimer on your purchase
order for the widest variety of ana­
lytical chemistry Instruments avail­
able anywhere. we offer Instrumenta­
tion ranging from sophisticated
research units to workhorse models.
All have state-of-the-arl electronics.
Most have microprocessor control.
And we've got the accessorllls you
want to broaden their usefulness.
we're a single source for nearly all
of your analytical instrument needs.

Send for a copy of our analytical
instrument sourcebook. It describes
our Instruments and includes a col­
lection of useful arlicles. 'rbu can get

it as easily as pushing a button ­
lust circle the Reader'S Service Card
number. Or write "Instrument News
(IN-591)" and your name on your
letterhead and send rt to us at or.e of
the addresses listed below,

Perkin-Elmer Corp" MS-12, Main
Avenue. Norwalk, CT 06856.

Coleman Instruments Divlsion,
2000 'rbrk Road, Oak Brook,
IL 60521.

Bodenseewerk Perkin·Elmer &
Co GmbH, 7770 ueberlingen,
Bundesrepublik Deutschland,

Perkin-Elmer limited,
Beaconsfield, Bucklngharnshire
HP9 lOA, England.

Perkin-Elmer's analytical in­
strument product lines include:
• Atomic Absorption
• Data Handling
• Elemental Analysis
• Fluorescence
• Gas Chromatography
• Infrared
• Liquid Chromatography
• Microbalances
• Nuclear Magnetic Resonance
• Polarimetry
• scanning Auger Microprobes
• scanning Electron Microscopy
• Thermal Analysis
• Ultraviolet
• vapor Space Chromatography

PERKIN-ELMER
Expanding the world olanalytlca' cMmlatry.

CIRClE 161 OH READER SERVICE CARD
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Ane~level

inHPLC
sophistication
and silDplicity.



Mlcromerltlcs proudly Introduces Its new
7500 mlcrocomputer·based Liquid
Chromatograph-a beautiful blend of
engineering sophistication and operating
simplicity.

We've taken the most advanced features
available in HPLC today and packaged
them so you can have the exact system
to fit your specific application. Both
gradient and Isocratlc Integrated systems
are available to accommodate rigorous
quality control and methods development
needs or the complex analysis functions
of research and development laboratories.

Simple keyboard entry
All operating commands can be made
from a single microcomputer·based
control module. An alphanumeric display
readout continually informs the operator
of entry status for such parameters as
flow rate, pressure limits, solvent con·
centration and column temperature.

Total analysis reporting
Comprehensive analysis reporting is
achieved through a printer/plotter which
not only gives you the chromatograms, but
also a printout of gradient/solvent con­
ditions, flow rate, pressure, temperature
and operational status. Sample retention
times, peak area and height, percent of
concentration, sample and injection
numbers can also be printed out.

Total automation
The 7500 system can be totally automated
to give you unattended analysis around
the clock. It can initiate 192 analyses of
up to 64 samples ... automatically.

Other advanced design features
The new 7500 also has an all new Ternary
Solvent Mixer for more accurate and

Also available as components.
Buy what you need no~and
add more as you need it.

reliable low pressure solvent blending; a
precision heated column compartment for
faster more stable analysis; a new
pulseless solvent delivery system; and a
choice of three detectors-variable
wavelength, fixed wavelength or
refractive index.

Available as components, too
And finally, you have the option of buying
as much or as little of the system as you
presently need. The 7500 system is also
available as individual components. You
can buy what you need now and add more
later as you need it.

To learn more about the many features
that separate the new 7500 from all the
other HPLCs on the market, contact
Micromeritics Instrument Corporation,
5680 Goshen Springs Road, Norcross,
Georgia 30093 USA (404) 448-8282 TELEX:
70-7450.

See It In operation at this year's Pittsburgh Conference Booths 101·106. Seminars In Room 246.

[ffii®micromeritics®
CIRCLE 13' ON READER SERVICE CARD



ZORBAX Columns

A look at this comprehensive line-up of
instruments shows that DuPont offers today's
broadest selection of HPLC Systems. And you
can rely on this advanced generation of ana·
Iyzers and accessories to provide precision,
ease of use and day·in day-out reproducibility.

Our new Model 850 HPLC system offers
flexible yet precise control over major separa·
tion variables. Our new high-performance 860
system is priced for repetitive,LC functions, yet
it gives you research level performance_ The
new DuPont PREP I Automated Sample Pro­
cessor reduces sample preparation to a quick,
simple process. And we've just introduced a

new on-line Size Exclusion Chromatography
Analyzer, the DuPont MWD-J for quantitative
molecular weight determination.

But DuPont offers much more than excep­
tional instruments. We meet your toto1 HPLC
needs in three other woys os well: strong
reseorch, advanced column technology, and
widespread facilities and services. DuPont is
unsurpassed in this combination.

You will profit continually from the work of
our LC research team. It includes scientists rec­
ognized worldwide for their chromatographic
publications, textbooks and new methodology_

Our LC columns offer the most advanced



Refrac:tM Index Detector

technology available, with guaranteed perform·
ance. One recent DuPont development-our
new Bimodal SEC columns-provides an
unprecedented linear calibration range of 2000
to 2,000,000. Another recent development
-nonaqueous reversed phase chromatography
(NARP)-significantly extends the power of
reversed chromatography.

DuPont has totally dedicated its LC organi·
zation to meet your needs at all times: trained
technical representatives to help meet your
needs; service engineers to maintain your
instruments; experienced chromatographers to
help you solve specific separation problems;

DuPont training courses to provide new user.;
with an effective start in HPLC.

CaD or write for fuD details.
Get our new LC literature or arrange for a

visit by the DuPont Technical Representative in
your area. Write to DuPont Instruments, Room
37074, Wilmington, DE 19898. For faster
action, phone us toU·free at 800-411·9760.
(In Delaware 772·5388.)

Uquld Chromatographs
Scientific f, Process Instruments Division

CIRCLE 5\ ON REAOER SERVICE CARO
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Nine sp,!cial features make
MassSpectrometermore

Combining a flexible. computer
controlled GC. a contamination·
resistant magnetic analyzer, and
a powerful computer. this inte·
grated system can produce ana·
Iytical results on a variety of
applications more easily than has
ever before been possible.

Highest Available Sensitivity
EI signal·to·noise ratio of IO:J on
100 pg of methyl stearate is easily
attained and maintained in day·to·
day use. A single computer·
assisted tuning results in
maximum sensitivity and resolu·
tion in both EI and CI modes.

Magnetic Analyzer with
Accelerating Voltage Scan
High scan rates allow fast. contino

uous scanning over a wide mass
range. and selected ion monitor·
ing. Optimum sensitivity. resolu·
tion and stability are maintained
over the entire mass range.

New Operating Ease and
Aexibility
The DP 102 is controlled by the
computer from a single software
oriented keyboard with many spe·

cially designed function keys.
Foreground/background capabil·
ity with acquisition priority avoids
data loss. High·capacity methods
storage allows easy set·up for dif·
ferent applications and experi·
ments.

Widest Dynamic Range
Commercially Available
Data system dynamic range of 10'
simplifies trace analysis. improves
quantitative results, reduces need
for repeat runs.

Automated Direct Introduc·
tion Probe
The utility of the DP 102 is
enhanced by fully automatic sam·
pie insertion. vacuum valve opera·
tion and temperature control that



DuPont~ newDP102
useful to more users.

Interpolation and Pattern
Correction Software
Spectral abundances are auto·
matically corrected and computed
with greater accuracy than ever
before in G~C~/_"'-=S~. _

Automatic Ion Source
Rejuvenation

make it easy to achieve excellent
analytical results.

Instant EI to CI Switching
Versatility is expanded by a dual
EI/C1 source and instant selection
of reagent gases for CI. Both EI
and CI spectra can be generated in
the same run, often on the same
GC peak.

High-perfonnance Capillary
Column Interface
New, highly efficient jet separator
and optional capillary column inlet
provide optimum sample trans·
mission and resolution with all
types of GC columns.

(o"IOI1l""'h.'\I ICMl
~1I\:l'

101\ 50UfCC ofter
Il'jU\'CI\.,)lton.

Exclusive gold sputtering process
restores source performance.
without shutdown. Source reju­
venation is shown in these unre­
touched photographs.

For full details, phone (800) 441·
9740 (in Delaware 772·5388). or
write Du Pont Mass Spectrom­
eters. Room 36945. Wilmington.
DE 19898

See the DP 102 Mass Spectrom·
eter at the Pittsburgh Conference.
Booth 121. beginning March 5.

Mass Spectrometers
Scientific [, Process Instruments Division

CIRCLE 52 ON READER SERVICE CARD



Thermal Analyzers
'->clentific [, Proc~~ Instruments Division



See the 1090 Thermal Analyzer at the Pittsburgh Conference.,
Booth 121, and Conference Suite M-149, beginning March 5.

The 1090 Thennal Analyzer/Data System combines
speed and versatility with expanded data manipulation

capabilities in a sophisticated new insbument for
research and product development.

DuPon~ newK)9()
Thermal Analyzer collects,

processes, stores,and
reports the data you want,

thewayyou want it.

Get Our
New Uterature

For details on the 1090 Ther­
mal Analyzer and other DuPont
Thermal Analysis Systems,
phone (800) 441·9740 (in Dela­
ware. 772·5488) or write
Du Pont Thermal Analyzers,
Room 37028. Wilmington, DE
19898.

Expanded and
Simplified Programming

Two-way conversational
interaction between operator and
instrument via the display makes
programming easy. Increased
versatility provides 12 linkable
methods. heating rate selection
in O.I°C increments, and tem­
perature scale expansion capa­
bility to 0.2°C Icm. Intemal
computer diagnostics inform
you of errors in programming or
circuitry.

Microcomputer
Data Analysis

The 1090 System micro·
computers free personnel from
time·consuming data computa·
tions and provide more complete
reports than ever before. Minor
transitions can be expanded and
specific portions of the thermo­
gram can be selected for data
analysis. You can even analyze
data from one scan while a sec·
ond run is in progress.

Multiple Reporting
System

In addition to the thermo­
gram. the 1090 System can pro­
vide a printout of test conditions
and analytical results. A bright
alphanumeric display contino
uously indicates sample temper­
ature and system status. Other
program parameters are
instantly displayed on com·
mand. All experimental data is
stored on disks for recall at any
time. You decide what to save or
discard.

<[[POHP
..110 -
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OUr attention to detail
makes the best

quadrupole mass spectrolneter

CIRCLE 31 ON READER SERVICE CARD

for hte,aturoabout UleQMG 511. QMG 311. and
OMG IIIB moss analyzers. wrlle BailOrs Corpol'ollon.

8 Sagamo,o Park l1ood. Hud""", NH 03051.

The quality in the ion source for our
most powerful quadrupole mass
spectrometer, the Model QMG 511,
is reflected throughout the system.
In the laboratory, you'll discover the
QMG 511 has reliability that comes
from our process control back­
ground, and in manufactUring,
you'll see refinements from our ex­
perience in research applications,

The QMG 511's digital circuitry pro­
vides excellent signal stability;
detection limits are at the parts­
per-billion level. With mass ranges
up to 1023, the system is adapted

to problem-solving across JOany
fields, and advanced computer
compatibility makes possible con­
trol of virtually all operational
parameters.

Many 01 these leatures are aiso
available in our Model QMG 311, an
extendable quadrupole mass spec­
trometer lor research and produc­
tion, and in the Model QMG III B,

our compact residual gas analyzer.
And the quality in all three 01 these
systems is in all of our other high
vacuum, thin film, and mass ana­
lyzer products.

BALZERS



Monday, March 5

Gel Permeallon
Chromatography

Monday Morning, Room 205
G. P. Cunningham, Presiding

8:30 Two-Detector Method for
Concentration and Refractive
Indcx of Solutes in Liquid Chro­
matography. R. A. Sanford. Applied
Automation, W. H. Dennis, D. D.
DeFord

8:50 Subotrate-Solute Interaction
in Get-Permeation Chromatogra­
phy. Y. Kato, T. Sato, H. Sasaki. M.
Aiura, T. Hashimoto, Toyo Soda
Manufacturing Co.

9:10 High-Speed, High-Tempera­
ture GPC. J. L. Ekmanis. T. C.
Huard, Wate.. Associates

9:30 Systems Approach to Size
Exclusion Chromatography. S. D.
Abboll, G. Dallas, Du Pont

9:50 Low-Angle Laser Light
Scattering Photometer for a De­
tector in Gel-Permeation Chro­
matograpby. Y. Kato, M. Fukuda. N.
Mamba, M. Fukutomi, M. Aiura. T.
Hashimoto, Toyo Soda Manufactur·
ingCo.

10:20 On-Line Data System for
HPSEC. S. D. Abbott. J. M. DiCes·
are, Du Pont

10:40 Flexible Dedication: New
Data System for GPC Laboratory.
R. C. Jordan, M. L. McConnell, R W.
Wallace, Chromatix

11:00 New Data Module for LC and
GPC. R. J. Limpert, A. Leung, Wa·
Le.. Associates

11:20 Low-Cost Automatic SECI
GPC Computing Integrator. M.
Tarter, J. Donoghue, Laboratory Data
Control

11:40 On-Line Process Liquid Ex­
ctusion Chromatograpby Applied
to Production of Styrene-Butadi­
ene Copolymen. E. N. Fuller, G. T.
PorLer, L. B. Roof, Applied Automa·
tion

Mass Spectrometry Appllcallons

Monday Morning, Room 239
E. S, Hodge, Presiding

8:30 Analyaia of Organic Materi­
ala by LalOr lonbation and Sec­
ondary Ion Mall Spectrometry. R
Wechaung, H. J. Heinen, H. Pete..,
Laybold·Heraeus

Program
8:50 Instrumental Aspecu of Mo­

lecular SIMS. W. E. Baitinger, R. J.
Say, S. E. Unger, R G. Cooks. Purdue

9:10 Analytical Applicationa of
Organic SIMS. S. E. Unger, R. J.
Day, R. G. Cooks, Purdue U

9:30 High-Resolution Field De­
sorption Mall Spectrometry of
Pharmaceutical Compounds. G. D.
Roberts, S. Rottschaefer, L. B. Kill·
mer,Jr., R. J. Warren,J. E. Zarembo,
Smith Kline Corp.

9:50 On-Line Computer Optimi­
zation of InatrumentaI ParameLers
in High-Resolution Mall Spec­
troscopy. S. L. Kaberline, C. L.
Wilkins. U of Nebraska

10:20 Identification of Glycols by
Negative Ion Chemical Ionization
Mass Spectrometry. J. W. Russell,
Q. V. Thomas. Finnigan Corp.

10:40 Use of GC-MS in Pol)'Dler
Degradation. Y. AI·Sultan. Kuwait
Institute for Scientific Research, R.
Sedgwick

11:00 New Fully Integrated GCI
MS/DS System. M. S. Stor)', D. M.
Taylor. T. R. Stevens, Finnigan
Corp.

11:20 Some Applications of LCI
CI/MS to Pharmaceutical Re­
searcb. S. Rottscbaefer, L. B. Kill·
mer.Jr., G. D. Roberts, RJ. Warren.
J. E. Zarembo. Smith Kline Corp.

II :40 Pyrolysis GC/MS as a Tecb­
nique for Identifying Potymers
and Organic Solids. T. A. Blazer, E.
M. Chait. Du Pont

New Instrumentallon I

Monday Morning, Room 3A
B. M. LaRue. Presiding
8:30 Introducing a New, Micro­
computer Automated Ultravio­
let-Visible Spectropbotometer­
Answer Oriented and Energy Op­
timized. N. Brenner, J. A. Miller,
Beckman Instruments

8:50 Inexpensive UV-Visible Col­
orimeter for Flow Injection Anal­
ysis and Liquid Cbromatography.
G. R Beecher, K. K. Stewart.
USDA

9: IONew Concept In Infrared
Spectropbotometry. C. V. Perkins,
R F. Kydd, Pye Unieam

9:30 Performance Characteristiea
of New Mierocemputer Infrared
Spectrophotometer. R J. Obremski,
J. W, Mohar, Beckman Instruments

9:50 Applying Microcomputer to
Maximum Benefit Within Auto­
mated UV-Visibte Spectropho-

tometer. J. A. Miller, D. G. Barber,
Beckman IDlltrumenu

10:20 Mleroproc:esaor-ControUed
Near-Infrared Circular Di­
chroism Spectrophotometer. M. E.
Koehler, Glidden Coatinp and Re&­
ins, F. L. Urbach

10:40 Tlme-Lapae Inlrared Spec­
troacopy. J. H. Hartshorn, Do Pont

11:00 A New Ac.....ry tor Ind....
trial UV-Visible Spectropboto­
metric KInetic Syatem. J. A. Miller,
Beckman IDlltruments

11:20 Raman SpectroKopy In Real
TIme. R E. Grayze~ A. Grillo, D. O.
Landon, Instruments SA

11:40 Ahaorption Meuurement
Precision and Senaitivity UaiDc •
Modern, Automated UV-Viaible
Spectrophotometer. J. A. Miller,
Beckman Instruments

Liquid Chromatography System
Components

Monday Morning, Club Room B
E. W. Albaugh. Presiding
8:30 New In!eCrated!Component

Liquid Chromatography Syatem.
D. Ball, Micromeritics Instrument
Corp.

8:50 Computer-Controlled Syatem
Incorporatinc a Liquid Chroma­
tograph, Scanning UV-VlS Spec­
trophotometer, and Coherent
Anti-Stokes Raman Spectrometer.
R Von Wandruszka, U orGeorgia, G.
W. Martin, 1.. P. Goss, 1.. A. CarreIra.
L. B. Rogers

9:10 True Conatant-Temperature
Oven tor HPLC. G. Killip, D. Ball,
Micromeritics Instrument Corp.

9'.30 Preciae Meuuremeut or Flow
Rate in Liquid Chromatocraphy:
Tbe Electronic Votumeter.1. Mol·
nar, KG. Dr. Knauer

9:50 New Solvent MUter tor
HPLC. R Fincher, D. Ball, R Camp.
Micromeritics Instrument Corp.

10:20 Unique Solvent Delivery
Syatem tor Liquid Chromatocra­
phy with Intrinalc Gradient For­
mation. P. Achener, K. Judah, D.
Boehme, Varian

10:40 Comp.....ion Feedback: New
Concept In HPLC Pump Deaip.
M. L. McConnell, Chromati., H.
.Funke

11:00 Inexpenaive Pube Dampener
for Hilb-P.-ure Liquid Chro­
matography. J. G. NikeUY, D. A.
Ventura, Philadelphia Co1Iece or
Pharmacy and Science
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Program

11:20 New Pumping System for
BPLC. P. Howard. D. Ball, Micro·
meritics Instrument Corp.

11:40 New, Unique Solvent Deliv­
ery System for Dedicated LC Ap­
plications. B. A. Bidlingmeyer, B.
Hutchins, L. Abrahams, J. Myers,
Waters Associates

Symposium: Applicallon of
High-Pressure Liquid
Chromatography to
Environmental Problems­
Practical Appllcallons and
Regulalory Considerations

Monday Morning, Room 235A
P. C. Talarico, Presiding
8:30 Keynote Address: Impact of

HPLC on tbe Monitoring Re­
quirements for Trace Organics. W.
May, U.S. Bureau of Standards

9:00 Uses of LC in Analyzing
Nonvolatile Organics in Waste
Efnuent. H. Walton, U of Colorado

9:30 Use of HPLC in Monitoring
Trace Level Organics for Chronic
Toxicity. G. Wilson, EG&G Biono­
mics

10'.20 Cleanup and Concentration of
Environmental Samples for BPLC.
C. Creed, LCS Labs, A. Wolkoff

10:40 Determination of Polynuclear
Aromatics in Industrial Hygiene
Samples by Higb-Performance
Liquid Cbromatograpby. G. Gib­
son, U.S. Dept. of Labor

11:20 Determination of Selected
Carcinogens by BPLC. W. Hen·
dricks, U.S. Dept. of Labor

Environmental Analysis-Water
Pollution I

Monday Morning, Room 235B
C. E. Gonler, Presiding

8:30 Organic Compound Charac­
terization of Wastewater for En­
vironmental Assessment Study. M.
F. Marcus, H. H. Miller, P. H. Cra­
mer, Midwest Researcb Institute

8:50 Determination of Arsenic in
Natural Waters. W. A. Richards, M.
A. Thomas, S. R. Goode, U of South
Carolina

9:10 Metal Transport: Role of
Naturally Occurring Organic
Substances in Aqueous Systems. C.
A. Crumm, O. T. Zajicek, U of Mas­
sachusetts

9:30 Analysis of Trace Water­
Soluble Polymers in Wastewater
by HPLC. A. C. Hayman, G. Dallas,
Du Pont

9:50 Some Improvements in
Analysis of Industrial Wastes for
Priority Pollutants. W. Averill, J. E.
Purcell, Perkin-Elmer

10:20 Analysis of Consent Decree
PAH's in Water. K. Ogan, E. Katz,
W. Slavin, Perkin-Elmer

10:40 DC Argon Plasma Emission
Spectrometry Applied to Envi­
ronmental Water Samples. M. S.
Hendrick, D. Eastwood. U.S. Coasl
Guard

11:00 ICP-ES Analysis of NURE
Surface Waters of Rocky 1II0un­
tain States and Alaska. C. T. Ape!.
B. A. Palmer. D. V. Duchane, L. B.
Cox, J. V. Pena, A. D. Hues, D. L.
GoHimore. Los Alamos Scientific
Lab

11:20 Determination of pH in Soils
and Specific Conductance in
Wastewater Using Automated ISE
System. A. Buccafuri, J. Potts. R. B.
Roy, Technicon Industrial Systems

11:40 Oxidative lIIethods for lIIini­
mizing Reagenl Blank in Deter­
mination of Low-Range Oxygen
Demand. L. Stookey, B. Klein.
Manchester Labs

Symposium: Laboratory Data
Management

Monday Morning, Little Theater
G. A. Gibbon, Presiding

8:30 Oven-iew
8:40 Laboratory Systems lIIan­
agement-Progress Toward
Computerized Laboratory. P. W.
Fletcher, G. P. Cunningham. PPG
Industries

9:25 Sample Inventory lIIanage­
ment. J. A. Cupps, Gulf Oil Chemi·
cals, T. O. Martin

10:30 Paperwork Problem of a
RegulatOr)' Agency Laboratory. F.
A. Madsen, OSHA

11:15 Laboratory Data lIIanage­
ment in the Pharmaceutical In­
dustry. R. A. Johnson, Upjohn Co.

Atomic Absorption
Spectroscopy I (Flameless)

Monday Morning, Ball Room
J. Bukowski, Presiding

8:30 Direct Determination of
Trace Quantities of Antimony,
Arsenic, Bismuth, Cadmium, Lead,
Selenium, Silver, Tellurium, and
Thallium in Refined Nickel by
Electrothermal Atomic Absorp­
tion Spectrometry. J. E. Forrester,
V. Lehccka, J. R. Johnston, W. L. Olt,
Falconbridge Nickel Mines

8:50 Determination of Wear Met­
als in Aircraft Lubricating Oils by
Atomic Absorption Spectropho­
tometry Using a Grapbic Furnace
Atomizer. C. S. Saba, U of Dayton
Research Institute, P. S. Fair, J. R.
Brown, W. E. Rhine, K. J. Eisen­
traut

9:10 Trace Metal Analysis of Scalp
Hair by Furnace Atomic Absorp­
tion. R. IV. Handy, T. n. He..q, He­
l'cnrch TrinnJ:lc Institute

9:30 Determination of Lead in
En\'ironmcntal "'ater Samples
Usint: Flameless Atomic Absorp­
tion Spectrophotometry. R. J.
FUll.!'!. Colgon Corp.

9:50 Application of Flameless
Atomic Absorption Spectropho­
toml'try to Analysis of Mctals in
Coating Materials. C. E. Cowan,
PPG Industries

10:20 Dctermination of Total
Phosphorus in Industrial Process
Waters by Flameless Atomic Ab­
sorption. E. L. Henl1, Cal~on Corp.

10:40 Quantitativc Determination
or Tracc Levcls or Titanium in
HydraziDe. I. M. Citron, Fairleigh
Dickinson U. 1-1. Martens

11:00 Background Analysis in
Carbon Rod Atomic Absorption
Spectrometry. J. L. Maglaty. P. G.
R",\·le\'. K. H. O'Keefe. C61orado
State iJ

11:20 Automated Atomic Absorp­
tion Analysis with Furnace Atom­
izer. J. J. Sotera. C. Shnpiro, M.
Conley, Instrumentation Lab

11:40 New Ways in Automated
Furnace AA. B. Welz. T. Tomoff. E.
\Viedeking. Bodensee\\'erk Perkin­
Elmer

Gas Chromatography­
Instrumentation

Monday Morning, Music Hall
H. Fracek, IJre~·jdjllJ:

8:30 Unijector-A Multifaceted
Injection System for Glass Capil­
lary Column Chromatography. E.
F. Dawes, G. J. Jordan. Scientific
Glass Engincerin~

8:50 All Glass Capillary Emuent
Splitter. F. J. Yang, J. V. Lovie,
Varian

9:10 New Microprocessor-Con­
trolled Automatic Sampler for Gas
Chromatoj(raphy. M. J. Hartigan, E.
W. March, Perkin-Elmer

9:30 Automatic Head Space Glass
Capillary Gas Chromatography. G.
Sisti, Carlo Erba Strumentazione, P.
Gagliardi, S. Trcstinllu

9:50 Automated GC Heart Cut
Analyses. H. Silverman, E. M. lVar­
ren, Hewlett·Packard

10:20 New Column Configurations
for Gas Chromatography. D. Rog­
ers, Kontcs, J. C. Touchstone

10:40 New Design Concept of
Compact Gas Chromatography. K.
Sat", Y. Hayashi, Shimadzu Seisa­
kusho

11:00 New Glass Capillary Gas
Chromatograph for Analytical
Needs of Tomorrow. T. A. Rooney,
R. R. Freeman, Hewlett-Packard

II :20 Designing New Chromato­
graph for Tomorrow's Applica-
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Gilson manufactures an extensive line of quality equipment
and instrumentation for liquid chromatography. Shown here
are three of our most popular and well-accepted instruments.
For complete details on these units as well as many other
items to make your LC work more precise and productive, call,
write, or circle the reader service number below.



Program

tions. L. Mikkelsen. M. Murphy.
Hewlett-Packard

General Mass Spectroscopy

Monday Afternoon, Room 240
E. M. Chait, Prcsiding

1:30 Applications or Angle-Re­
solved Mass Spectromctry. J. A.
Laramee. D. Fedor. R. G. Cooks.
Purdue U

I :50 Alternate Scan CI/EI Mass
Spectromctry. K. R. Compson. K. T.
Taylor. J. R. Chapman. C. J. Wake­
field, Kratos, Ltd.

2:10 Recent Applications or DCI
(Desorption-CI) Technique. W. A.
Wolstenholme. U. fulpp. H. Kauf·
man. Varian MAT

2:30 Determination or Herbicide
Photol)..i.. Products b)' LC/MS. R.
F. Skinner. Q. Thomas. Finnigan
Corp. .

2:50 Chemical Applications or
LC-MS Interrace. A. Melera. Hew­
lett-Packard

3:20 P}Tol)..is-Mass Spectrometry
ror Analysis or Small Samples or
Polymeric Material. D. A. Hickman.
l\1etropolitan Police Forensic Science
Lab

3:40 Applications or Programmed
Tel!1peralure Direct Introduction
Probe with Fast Scanning Com­
puter-Controlled Mass Spec­
trometer. E. M. Chait. Du Pont

4:00 Perrormance or Automated
Magnetic Mass Spectromcler In­
tended ror Quantitative and Trace
Analysis at Resolving Powers Up
to 2500 or More. L. F. Herzog. Nuc­
lide Corp.

4:20 New High-Perrormance,
High-Resolution Mass Spectrom­
eter-MS SO. K. R. Compson. Kra­
lOS, Ltd.• D. R. Dcnne. A. Taylor. R. J.
Rutherford

4:40 Errecls or Automatic Ion
Source Rejuvenation on Perror­
mance or Sensitive GC/MS. E. M.
Chait. C. W. Hull, Du Pont

Polymer Analysis

Monday Arternoon, Room 205
L. WolCram, Presiding

1:30 Characterization or Organic
Coatinlts by Dynamic Mechanical
Analysis (DMA). P. S. Gill, R. L.
Hassel, Du Pont

1:50 Chromatopyrography Anal­
ysis or Rubbers and Othcr High
Polymers. J. C. Hu. Boeing Aero­
space

2:10 Thermal History Determi­
nation or Textured Polyester Yam
by Thermomechanical Analysis. P.
S. Gill, R. L. Blaine, Du Pont

2:30 Polymer Analysis-Quality
Control or Plastic Foams hy
Thermal Analysis. D. W. Breakey.
R. B. C888el, Perkin-Elmer

2:50 Shear Modutus by Dynamic
Mechanical Analysis. R. L. Hassel.
P. S. Gill. Du Pont

3:20 Microcomputcr Techniques
ror Thcrmal Analysis or Plastics.
R. L. Fyans. R. B. Cassel. W. P.
Brennan, Perkin-Elmer

3:40 Thermal Analysis or Com­
posites. R. L. Hassel, R. L. Blaine. Du
Pont

4:00 Trace Metal Speciation by
Liquid Chromatography with El·
ement Specific Detection. J. A.
Koropchak. G. N. Coleman. U of
Georgia

4:20 New HPLC Applications on
/I-Spherogel and Other Stable
Macroporous Polystyrene Resins.
V. A. McKay. R. Slevenson. Alte.
Scientific .

UV-Visible Spectrophotometry I

Monday ACtcrnoon, Room 2~9

C. Burton Clark. Presidi"g
1:30 Gel Scanncr Accessory ror
Model 219 Spectrophotometer. A.
H. Sturt.evant, Varian

1:50 New Microcomputcr-Con­
trolled UV-VIS-NIR Rccording
Spectrophotomcter. M. Takada. O.
Akiyama. T. Nishimura. R. Hira, T.
Kurita. Shimadzu Seisakusho

2:10 Design or Mierocomputer­
Controlled UV-VIS Spectropho­
tometer. W. Kaye. D. Barber. R.
Marasco, Beckman Instruments

2:30 Quantitative Errect of Halides
on Determination of Aluminum in
Various Matrices. B. Klein. L.
Stookey, Manchester Labs

2:50 Spectrophotometric Analysis
or Aldehydes by Thiadiazoline
Formation with l,5-Diphenyl-3­
thiocarbohydrazide. R. H. Hunt. D.
A. Pettigrew. Illinois State U

3:20 Kinetic Analysis or Multi­
component Mixtures by Parame·
ter Estimation. R. J. Bell. B. G.
Willis, N. Bell, Hewlett-Packard

3:40 Characteristics and Design or
High-Perrormance Parallel Ac­
cess Spectrophotometer. B. G.
Willis, C. E. Bryson 111. R. L. Chaney.
Hewlett·Packard

4:00 Operations or User-Oriented,
Programmable, UV/Visible
Spectrophotometer. E. J. Bonelli. B.
G. Willis. A. Schleifer. R. Bell. N. Bell.
P. Dryden, Hewlett-Packard

4:20 Processor-Controlled UV/
VIS Spectrophotometer in Labo­
ratory-Automation Environment.
A. Schleifer, B. Willis, G. Steiner, P.
Dryden. A. Ben·Dor. Hewlett-Pack­
ard

4:40 Direct Quantitation or Linear
and Nonlinear Chemical Systems
Using Microprocessor-Controlled
Spectrophotometer. N. W. Bell, B.
G. Willis, P. Dryden, R. Bell, A.
Schleifer. A. Stefanski, Hewlett­
Packard

New Instrumentallon II

Monday ACternoon, Room 3A
N. \\T. Gordon, Presiding

1:30 SAW Devices-New Solid
SIBle Detector for Study or Thln­
Film Polymeric Material and
Process Control Streams. R. Dessy.
H. Wohhjen. VPI&SU

I:50 Studies or Spark Solid Sam­
pling with Inductively Coupled
Plasma. J. S. Beaty. R. I.. Crawford.
C. C. Wohlers. Jarrell·Ash

2:10 Hilth-Speed Continuous
Stream Flow Injection Analysis. H.
O. Ran~er. Lachat Chemicals

2:30 Polymerization Kinetics by
Precision Densitometry. K. J.
Abbey. Glidden

2:50 Coupled HPLC/GC S)'stem:
Instrumentation and Automation.
S. P. Cram. A. C. Brown Ill. E. Frci·
t"'. R. E. Majors. E. L. Johnson.
Varian

3:20 Coupled IIPLC/GC System:
Applications. R. E. Majors. E. L.
Johnson. S. P. Cram. A. C. Brown lll.
E. Freitas. Varian

3:~0 Analytical Fourier Mass
Spectrometry-Instrumentation.
E. B. Ledford. Jr.. R. B. Spencer. S.
Ghaderi. P. S. Kulkarni. M. L. Gross.
C. L. Wilkins. U of Nebraska

4:00 Analytical Fourier Mass
Spectrometry - Low·PrC1isure
Chemical Ionization. C. L. Wilkins.
S. Ghaderi. P. S. Kulkan;' M. L.
Gross. R. B. Spencer. E. B. Ledford.
Jr.. U of Nebraska

4:20 Automated Gravimetric Ti­
trations. L. Luft. Luft Instrumenls

4:40 New Inrrared Spectropho­
tometer with Selr-Contained Data
Manipulation Capabilities. R. J.
Obremski, J. W. Mohar. G. Solomon,
Beckman Instruments

Detectors In Liquid
Chromatography

Monday ACternoon, Club Room B
J. D. Guthrie, Presiding

I :30 Novel Detection Principle
in Modern High·Pressure Liquid
Chromatography: Ultraviolet
Photometer / Rerractometer
(UV-Rll-Dualdetektor, an Im­
portant Tool ror Identification or
Unknown Substances. I. Molnar,
KG. Dr. Knauer

I :50 Applications or Polaro­
graphic Detector to HPLC. L. R.
Taylor. EG&G Princeton Applied
Research Corp.

2:10 Dielectric Constant Dntector
ror Liquid Chromatoltraphy and
Its Applications. L. V. Benningfield.
Jr., Applied Automation

2:30 New Variable Wavelength
HPLC Detector. P. Froehlich, J.
Stewart, Spectra·Physics
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ARL'sICP
is hot!

• Superior pertormance
specifications.

• Hlghly·developed conversational
software for computer control and
data processing.

• t meter (superior dispersion)
spectromeler with specifically
designed fealures for plasma
spectrometry.

• Continuously variable optical
detector placement for uncompro­
mised line arrays.

• Vital accessories like SAMI
(Scanning Accessory for Multi·
element Instrumentation).
computer operated autosampler
and scanning monochromator:

If you need multielement high­
throughput with all the sensitivity 01
atomic absorption in a convenient·to·
operate package, you owe it to
yourselt to investigate what the 34000
ICP can do tor you. Whatever your
field is - waters, soils, foods.
pharmaceuticals, petroleum.
biologicals. or geological samples.
ARL'9 ICP works. Because we have
more experienca. Write today for
information!

Unquestionably, ARL has more
experience. It all shOws in the 34000
ICP's features:

ARL was the first with a commercial
ICP Instrument, and more man·years
of applications experience have been
invested in ARL instruments than any
other. More ARL systems have been
sold worldwide, 100.

­. . .

f~

Q D0 [} !l I) •Q:K> •
,.

fl fl

-l_·
Imagine! Analyzing a sample per
minute for up to 48 elements
simultaneously. Almost 3000
determinations in an houri No wonder
Inductively Coupled Plasma is news.
Matching the sensitivity of atomic
absorption with multielemenl
capability. il can't be equaled for
high·throughput applications. Wide
linear dynamic ranges allow automatic
analysis without changing paramelers.
The ARL 34000 ICP gives you all Ihis!

USA ~!l Wtrnt.om. SI So.im.no. c..hlOfll ... 1iI10.-0
FRANCE flCA.F '6J.lOL."ullws..nI0tn0,
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CIRCLE J ON READER SfRVICE CARD
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Program

2:50 New Lamp Intensity Com­
pensated Fluorescence Detector
Cor HPLC. B. Leaver, P. DeLand, D.
Janzen, Laboralnry Data Control

3:20 LC Detection Using AA and
Precolumn Metal Labeling. W.
Slavin, G. J. Schmidt, Perkin-Elmer

3:40 High-Resolution Detection
Method Cor HPLC Using Dual
Wavelength Spectrophotometry.
K. Li, J. Ar~ington,V of Florida

4:00 New RI Detector Cor HPLC.
M. N. Munk, E. Goodnight, E.·Wat­
son, Laboratory Data Control

4:20 FDLC-IO-A Unique Fluo­
rescence Spectrometer for HPLC.
A. C. Grillo, D. O. Landon, Instru·
menlsSA

4:40 The Economics Cor Low-Cost
HPLC Variable UV Detector
Without Compromising Perfor­
mance. D. Janzen. E. Goodnight,
Laboratory Data Control

Symposium: Application 01
High-Pressure Liquid
Chromalography to
Environmental Problems­
Practical Applications and
Regulatory Considerations II

Monday Afternoon, Room 235A
C. Creed, Presiding

1:30 Monitoring Wastewater for
Munitions by HPLC. D. Helton.
Midwest Research Institute

2:00 HPLC Determination of
Pesticides in Water. T. Steinheimer,
V.S. Geological Survey

2:30 Analysis of Industrial
Wastewaters by HPLC. R. Hites,
MIT

3:50 Use oC HPLC to Isolate a
Mutagen from a Plant Waste Ef­
nuent. K. Carlberg, EPA, R. H.
Laidlaw

4:20 Analysis of Pesticides in Fish
in HPLC. J. Moore, Gulf Breeze
ERL

Environmental Analysis-Water
Pollution II

Monday Afternoon, Room 235B
A. Pollock, Presiding

1:30 Reduction of Foaming in
Analysis of Volatile Organics in
Industrial Ernuent Waters When
Using Purge and Trap GC Tech­
niques. B. N. Colby, M. E. Rose,
Systems, Science and Software

1:50 Ultratrace Determination oC
Thallium in Natural Waters by
DiCCerential Pulse Anodic Strip­
ping Voltammetric Techniques. J.
E. Bonelli, H. E. Taylnr, R. K. Sko­
gerboe, U.S. Geological Survey

2:10 Isolation oC Polynuclear Ar­
omatic Hydrocarbons Crom Water

by Adsorption on Membrane Fil­
ters. F. Amore, Illinois State Water
Survey

2:30 Analytical Problems En­
countered During Restoration of
Mercury-Contaminated Public
Water Supply. J. C. Cooper, C.
Hackbarth, C. M. Hellwig, D. L.
Venezky, Na\'al Research Lab

2:50 Automatic Sampler for Trace
Organics in Water. J. D. Pope. Jr..
A. \V. Garrison. EPA

3:20 Statistical Evaluation of
DR-EL/4 Portable Wastewater
Laboratory vs. Standard Methods.
B. Culver, S. Schuler, D. Miller. C.
Gibbs. Hath Chemical Co.

3:40 Spectrophotometric Deter­
mination of Phenols by Thcir Ox­
idation with Sodium Metaper­
iodate. L. R. Sherman. V of Akron

4:00 High-Pressure Liquid Chro­
matography of Nitrophenols. A. F.
Haeberer. EPA

..1:20 Determination of Acryloni­
trile in Water at ppb Level. J.
Going, K. Thomas. Midwest Research
lnstitute

4:40 Sample Preparation for En­
vironmental Analysis. D. R. Lorenz.
H. Rodriguez. \Vaters Associates

Symposium: Applications of Ion
Chromatography

Monday Afternoon, Little Theater
G. L. Carlson. Presiding

I :30 Keynote Address: Conception
and Early Development of Ion
Chromatography. H. Small, Dow
Chemical VSA

2:05 Three Years of Ion Chroma­
tography. C. Anderson. Dionex
Corp.

2:35 Process Control Using Ion
Chromatography and Ilelated
Techniques. T. Stevens. Dow
Chemical VSA

3:25 Application of Ion Chroma­
tography to Analysis of Atmo­
spheric Pollutants. J. D. Mulik.
EPA

3:55 Studies of Anions in Per­
chlorate Mixtures. R. Holm, Mon·
santo Research Corp.

4:25 Trace Ion Analysis in Power
Production Industry. D. F. Pen­
senstodler, M. A. Fulmer, Westing­
house

Atomic Absorption
Spectroscopy II

Monday Afternoon, Ball nuum
H. Silva, Pre.,iding

1:30 Direct Determination of
Phosphorus in Fertilizer. by
Atomic Absorption Spectroscopy.
R. C. Gurira, D. Hoft, J. Oxman,
Grinnell College

1:50 Hydride Generation In
Atomic Absorption Spectrol­
copy-Impro\'cmcnls to Tcch·
nique and Hecent Application•. D.
Il. Thumcrson, n. G. Godden, Baird­
Atumic

2:10 F1ameless Atomic Absorption
Determination of Arsenic in Gco­
10l(ical Materials Following Hy­
dride Generation. H. F. Snnzolollr.
T. T. Chno. E. 1'. Welsch. U.S. (ieo·
IOl!iral SUT\'r~'

2:30 Rapid AA Determination
with Ncw Hydride/Mcreury Sys­
tem. D. K Shmder. K. C;. Bmdil'.
Vnrinn

2:50 Slurry-Injection Alomic Ab­
sorption Spectrophotometry..1. E.
O·neilly. U of Kentuck\'. ·D. (i.
Hicks .

3:20 Direct Nonnume Atomic Ab­
sorption of Truce Elements in
Solids. D. D. Sien",r..J. M. Hnld",in.
Allied Chemical Corp.

3:40 Effect of Melal Particle Size
on Measurement of Trace Ele­
ments Vsing AA, AE. and OES­
lep. L. P. (;il'rill~. Baird Curp.

4:00 AA Techniques in Food
Analysis. H. \\"cl7.. Z. Grohenski. M.
Melcher, D. \\'eht.>r, Bodenst>('werk
Perkin· Elmer

.t:20 Evaluation of Simultaneous
Multielement Atomic Absorp.
tion-Electrothermal Atomi7.ation
Analysis Applied to Natural Water
Matrices. P. G. Ho\\'lc\'. P. It Beau·
lieu, J. L. Maglaly. K·. Il. O'Keefe,
Colorado Stute U

4:40 Multielement Atomic Spec­
troscopy. S. H. Smit h. Il. (;.
Schleicher. A. C. Dennison, Instru·
mentJltiun Lah

Gas Chromatography-Data
Processing

Monday Afternoon, Music Hall
S. J. Ondrey. })rt'sidillJ.:

1:30 Ad\'anced Techniques Usinl(
Glass Capillary Columns. Il. It
Freeman. T. A. HOOlH.:y, I.. H. Alt·
mayer, T. M. Przyhylski, HcwlNt·
Packard

1:50 New Generation in Evolution
of Single-Channel Integrator. D.
C;. Gillen, I.. Huhisun, Spt.'ctru-Phvs-
ics .

2:10 IndustriallJ)'l(iene Air Sam­
ple Analysis-Improved Ilesults
Through AUlomation UsinJ: Gluss
Capillary Columns and Multi­
channel Data System. It C. Do·
mingo,.J. W. IIl1illy, D. H. Brezinski,
DeSut.o

2:30 InCormation from Chroma­
tography. I. Quantitllliun in Heal
Time. I.. AIllllnyer, J. DO(ioo<l, 1'.
Dryden, Hcwlctt·l'ncknrd

2:50 Information frolll Chroma­
tography. II. Postllull Processing
of Chromlltollraphic Data. 1'. C.
Dryden, I.. H. AIllllny<'r, .J. S. Dc­
Cood, Hcwlctt·l'ncknrd
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'25. 31

------ NOBODY BUT JARRELL-ASH-
ASSURES HIGH-ALLOY ACCURACY
Accuracy is the word LIKE THIS you can see why know!-
for the Jarrell-Ash 750 • edgeable primary metals
AtomComp spectrometer with management is increasingly tuming to
electronically-eontrolled waveform Jarrell-Ash direct-readers.
source (ECWS). Send for our new bulletin "Analysis

Above is a typical AtomComp of 310 Stainless Steels." The facts-&-
analysis of six 310 stainless-steel figures show what the right instrument
standards for chromium and nickel. can do for your production and
The AtomComp delivers equally re- quality-eontrol workloads.
markable results for AI, C, Cu, Fe, Mn,
Mo, P, S, Si, 1i and V. And delivers
them faster (and at lower cost) than
the traditional method for high-alloy 0 ~:::AshScieri~visionCom
steels Fie pany

. . • 590 Lincoln Street
Add to this the remarkable precl- waltham, Massachusetts 02154

slon of the Jarrell-Ash system and Phone (617) 890-4300
CIRCLE 110 ON READER SERVICE CARD
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Program

3:ZO Wormatlon from Chroma­
toeraphy. m. Extended Calcula­
tion Procedlll'eS and Reports. J.
DeGood, L. A1tmayer, P.~ Dryden, T.
Przybylski, Hewlett·Packard

3:.0 New, Completely Automatic
Peak lDtegration Algorithm for
Chromatography. B. L. Tomlinson,
Spectra.Physics

4..00 Ule ofCentral Processor Unit
(CPU) in Low-Cost Tempera­
ture-Programmed Gas Chroma­
tograph. R. J. Szymansky, Gow-Mac
Instrument, F. Gonzales .

4:20 Development of Computer­
Controlled Gas Chromatograph,
GC-RIA. T. Saw, S. Takimoto, J.
Kohsaka, Y. Nagayanagi, Shimadzu
Seisakusbo

4:40 Chromatographic Data Pro­
cessors with New Functions. T.
Saw, S. Takimow, J. Kohsaka, Shi·
madzu Seisakusho

Tuesday, March 6

UV-Vlslble Spectrophotometry
II

Tuesday Morning, Room 240
R. Raybeck, Presiding

8:30 Spectral Data Acquisition
and Processing Computer, Model
SAPCOM-I, for Recording Spec­
trophotometer, and Its Applica­
tions. M. Takada, T. Nishimura, T.
Ichikawa, H. Yamamow. T. Kurita,
Shimadzu Seisakusbo

8:50 Absorbance Standards for
UV/Visible Spectroscopy. M. R.
Sharpe, Pye Unicam

9:10 Derivative Spectroscopy. J. E.
Cahill, Perkin·Elmer

9-.30 Derivative Spectroscopy with
the Varian CarY 219. D. W. Priesner,
M. Kelly, Varian

9:50 Comparison of Linear and
Nonlinear Parameter Estimation
Algorithm in the Chemical Labo­
ratory: Multicomponent Analysis
in Molecular Spectroscopy. K. R.
O'Keefe, Colorado State U

10-.20 Determination of Saccharin
in Plating Solutions by Liquid
Chromawgraphy and Derivative
UV Spectroscopy. G. L. Fix, J. D.
Pollack, R. K. Wice, Raytheon Co.

10:40 Photoproduct Identification
by Means of Chromatograpby and
Spectrophowmetry. A. Ehrl,
GeselJschaft fUr Strahlen-und Um­
weltforschung

11:00 Determination or "Free" Di·
thiocarbamate Compounds in
Rubber Formulations. R. Raja, T.
Clark, G, Palmer, National Can
Corp,

11:20 Determination of Reaction
Ratea by Laser Intracavity Ther­
mal Lens Spectroscopy. T. D. Har­
ris, Bell Labs, F. E. Lytle

General Photoacou&tlc
Spectroscopy

Tuesday lIIorning, Room 205
A. Rosenewaig, Presiding

8:30 O,'erview of Photoacoustic
Spectroscopy with Current Ap·
plications Data. R. E. Blank, T.
Wakefield II, Ann Silversmith, D.
Polacsek, Gilford Instrument Labs

8:50 1II0dern Instrumcotation for
Photoacoustic Spectroscopy. H. S.
Reichard, J. A. Noonan, EG&G
Princeton Applied Research Corp.

9:10 Thcory Vcrificatioo and
Phase IIIcasurcments in Pho·
toacoustic Spectroscopy. A. SiI·
versmith. T. D. Wakefield II, R. E.
Blank, Gilford Instrument Labs

9:30 Determination of Condensed
Phase Absorpti"ities via Pho·
toacoustic Phase Angle Spectros­
copy (4)AS). R. A. Palmer, J. C.
Roark, Paul M. Gross Chemical Lab

9:50 Sample Preparation in Pho·
toacoustic Spectroscopy. J. A.
Noonan, H. S. Reichard. EG&G
Princ~ton Applied Research Corp.

10:20 Data Reduction in Pho­
toacoustic Spectroscopy. J. M.
Long, A. Silversmith, Gilford Instru·
ment Labs

Io:~o Some Applications of Pho­
toacoustic Spectroscopy to Ex­
amination of Small Solid and Liq­
uid Samples. G. F. Kirkbright, Im~

perial College
11:00 Photoacoustic Spectroscopy

Studies of Laser Windows and
Coatings. N. C. Fernelius, U of Day­
wo Research Institute

11:20 Laser Optoacoustic Detection
of NO, in a Flow System. A. Fried.
Notional Center for Atmospheric
R...,arch, D. H. Stedman

11:40 Laser Optoacoustic Spec­
trometer for Gas Concentration
Measurements. T. D. Wakefield 11,
Gilford Instrument Labs

ESCA, Auger, and Electron
Analysis Techniques

Tuesday lIIorning, Room 239
Robert Duss, Prcsiding

8:30 Surface Studies of Pt-Rel
A1z03Catalysts. L. Salvati, Jr., D. M.
Hercules, U of Pittsburgh

8:50 Rh(l) Complexes as Sup­
ported Homogeneous Catalysts
Studied by ESCA and IR. M. B.
Carvahlo, A. Luchetti, D. M. Hercu~
les, U of Pittsburgh

9: 10 ESCA and ISS Studies of Col
Ah03 Catalysts. R. L. Chin, D. M.
Hercules, U of PitlJlburgh

9:30 Surface Studies of Molybde­
num Alumina CatalyslJl. D. S. Zin~~,
U of PltlJlburgh, D. M. Hercules, L. E.
Makovsky, F. R. Brown

9:50 More EMclent ESCA prom..
with DlrferenUal Sputtering Sy.­
tern. M. V. Zeller, Physical Electron­
ics

10:20 Valence-Band Density of
States ofSelected Metallic GltuiICI.
M. A. Steggert, D. M. Hercules, U of
Pittsburgh

IO:~O Application of Surface Ana­
lytical Techniques to Glass Capil­
lary Gas Chromatography Column
Preparation. L. V. Phillips, U of
Pittsbur~h, D. M. Hercules, M. L.
Lee, G. H. Conner

II :00 Investigation of Polymer
Surface Structure by ESCA,
SIMS, and ISS. J. A. Gardella, Jr., D.
M. Hercules, U of Pittsburgh

11:20 ESCA Thin-Film Analysis of
Polymer Surfaces. M. V. Zeller,
Physical Electronics

II:~O Trace Element Analysis of
Altered Decp Sea Drilling Project
Basalts by Selected Area X.Ray
Fluorescence and Electron Mi·
croprobe. I. B. Ailin·Pyzik, S. E.
Sommer, U of Maryland

Optimization 01 Liquid
Chromatography Operating
Parameters

Tuesday Morning, Club Room B
J. A. Feldman, Presiding

8:30 Instrumental Sources of
Error in High.Precision Quanti.
tative LC Analysis. A. Poile, H.
Major, Perkin·Elmer

8:50 Comparison of Reversed·
Phase Chromatographic Parame·
ters Under Wetting and Nonwet­
ting Conditions. D. A. Nelson, J. H.
Bush, H. Roat, U of Wyoming

9:10 Effects of Ionic Strength on
Sorption of Organic Electrolytes
in Reversed·Phase High-Perfor­
mance Liquid Chromatography. T.
D. Rotsch, D. J. Pietrzyk, U of Iowa

9:30 Determination of Detector
Contributions to Chromato­
graphic Bond Broadening, V. Cas­
tro, Instituto Nocional de Energia
Nuclear. C. Poitrel18ud

9:50 Solvent Effects in RPLC:
Variation with Bonded Phase
Loadings. F. M. Robel, D. J. Popo\'.
ich, C. J. Lancaster, G. J. Kusha,
\\'hatman

10:20 Rapid Detcrmination of
HPLC Solvent Systcms. D. M. Kent,
H. K. Vitek, V-tech Corp.

10:40 On the Prediction of the Re­
tention Behavior in Liquid Chro­
matography, T. Hanoi, M. D'Am·
hoise, U of Montreal

11:00 Usc of High pH Mobile Phases
in HPLC Methods Using Silica
Guard Column, G. J. Schmidt, J. G.
Atwood, W. Slavin, Perkin-Elmer

II :20 Chcmical System. for Liquid
Chromatography. Precolumn
Dcrivatization and Fluorescence
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Now you can have it both ways!

Pharmacia Dual Path Monitor UV-2
has a unique flow cell with two optical path-lengths for new versatility in UV-monitoring.

• Monitor absorbance quantitatively up to
20 00 units full scale with a sensitivity
of 0.005 00 units full scale at the same
time, in the same run.

• Monitor at 254 nm and/or 280 nm with
two completely independent measuring
systems.

The Dual Path Monitor UV-2 has all the
other features you expect of a high per­
formance monitor: stability, cold room
operation convenience and compact de­
sign. For less-demanding applications you
can choose the Pharmacia Single Path
Monitor UV-1 with a choice of 3 mm or
10 mm flow cell and operation at 254 nm
or 280 nm.

Find out more about the practical advantageS of column monitoring with the UV-2 and
UV-1 Monitors. Ask about the Pharmacia Recorders too.

Ph.rm.cl. Flntl ChemIc.I.
Division 01 Pharmacla, Inc.
Piscataway, New Jersey 08854
Phona (201)469-1222

• ~ Phannacia
t...I Fine Chemicals

CIRCLE 162 ON READER SERVICE CARD
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Reagents don't do
you any good until

they're on your shelf.
Nobody gets them there faster than Fisher.

Fisher delivers the goods. Whether your reagent
needs are in routine testing or purest research. Our

product range is spectacular. From high-pressure liquid
chromatography and ppb pesticide trace analysis ... to

histology, electronics, and in vitro diagnostics. We
develop new reagents. We manufacture them. We test
them scrupulously. And we deliver them - dependably.

Some 20,000 different chemicals and chemical
specialties in all. Shipped to you from strategically
located warehouses coast to coast. Your order is

monitored every step of the way by one of the most
sophisticated computers the lab supply industry has

ever seen. (It's one reason Fisher will shortly be the first
American reagent-maker to be 100% metric.) Thinking

reagents? Reach for the label.

Fisher Scientific Company0
CIRClE 76 ON READER SERVICE CARD

The 1979 Fisher Chemlcellnde.
will soon be oN lhe press.
For your copy. circle reader-service card.
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Detection. F. L. Vandemark. G. J.
Schmidt, W. Slavin, Perkin·Elmer

11:40 Erreel oC Temperature on
Precision oC Retention Measure­
ments in Liquid Cbromatograpby.
R. K. Gilpin, Kent State U

New Instrumentation III

Tuesday Morning, Room 235A
F. P. Hyrne, Pre.'liding

8:30 Higb-Temperature Solid
Eleetrolyte Electrochemical Cell
Cor Monitoring Oxygen and Com­
bustibles. W. M. Hickam. C. Y. Lin.
Westinghouse

8:50 Development and Application
oC Pbotogoniometer to Coatings
Systems. T. H. Grentrer. R. A. Zan·
der. M. E. Koehler, T. Provder. R. M.
Holsworth, Glidden

9:10 Particle Size Analysis by Au­
tomatic Sieving. C. Orr, H. W. Camp.
D. K. Davis, Micromeritics Instru­
ment Corp.

9:30 Microcomputer-Controlled
Titrator. A. Graneli, L. Andersson.
Chalmers U of Technology and U of
Gothenburg

9:50 Applications oC Pbotocon­
duclivity Detector. J. B. Dixon, D.
E. Harris. Trueor Instruments

10:20 Automatic Numerical Eval­
uation of Potentiometric Titra.
lions. E. P. Kujawa. Brinkmann In­
struments

10:40 Photometric Instrument that
Provides Extended Linear Range
by Automatically Switcbing Bo­
tween Pboton Counting and Ana­
log-to-Digital Modes. V. Nau. T. A.
Nieman. U of Illinois

11:00 Direct Monitoring oC Air­
borne Heavy Metal by Air Plasma
Spectrometry. S. Hannmurn, Na­
tional Measurement Lab

11:20 Du Pont PREP I. a New Au­
tomated Sample Processor for
Automatic Extraction and Con­
centralion oC Selected Sample
Components in Fluids. J. D. Lowry,
J. G. Forsythe, R. F. Bree, Du Pont

11:40 On-Line Ferrography. E. R.
Bowen. R. H. Rotondi, Foxboro An·
alytical

Environmental Analysis-Air
Pollution I

Tuesday Morning, Room 235B
J. Frohliger, Presiding

8:30 Portable Plasma Emis.ion
Sy.tem Cor Determination oC
Mercury and Mercury Specie. in
Air. D. D. Gay, EPA, K. O. Wirtz, L.
C. Fortmann, H. L. Kelley, C. W.
Frank

8:50 Statiotieal Studies oC 1975­
1977 Air Pollulion and Weather
Data Cor the Phoenix, Arizona,

Metropolitan Area. M. L. Panons,
Arizona State U, L. Y. Hara, D. D.
Pratt

9:10 Analysis oC Air, Stack Gas.
and Solution Particulates by Sec­
ondary Target Energy-Dispenive
X-Ray Fluorescence. D. J. KaIn·
icky, Exxon

9:30 Determining Trace Quan­
tities oC Acrylonitrile in Air. R. L.
Campbell. D. R. Marrs, N. W. Stan·
dish, Vistron Chemical Co.

9:50 Preparation and Evaluation
oC Silica and Asbestos ReCerence
Materials Cor Pollution Studies. J.
A. Mackey, NBS, O. Menis. P. D.
Garn

10:20 Polymer Combustion: Analy­
sis oC Volatile Smoke Products by
GC and GC/MS. R. O. Gardner, R. F.
Browner. Georgia Institute of Tech·
nology

10:40 Experimental Improvements
in Cbromatographic Analysis oC
Ambient Level Hydrocarbons. R.
Denyszyo. Scott Specialty Gases. J.
M. Harden, D. L. Hardison

11:00 Quantitative Determination
oC Sulfur Gases by Gu Cbroma­
tograpby. E. R. Kebbekus. Mathe·
son

II :20 E\'aluation oC ppm Level
SulCur Gases in N, and Air Con­
tained in Higb-Pressure Alumi­
num Cylinders. F. J. Kramer. Jr.. S.
G. Wechter. Airco Industrial Gases

11:40 New Digitally Controlled API
Mass Spectrometer Based System.
N. M. Reid. J. A. Buckley, J. B.
French, C. Poon. Sci..

Symposium: Fourier Transforml
Computer Dispersive
Spectroscopy

Tuesday Morning, Little Theater
C. W. Brown, Presiding

8:30 Cbemiluminescenee Studies
by FTIR Emission Spectroscopy. J.
~ung. W. G. Fateley. Kansas State

9:00 Comparison oC Real and Cal­
culated InCrared Spectra. P. F.
Lynch, U oC Rhode Island

9:30 Operational Comparison oC
FT-IR and Computerized Classi­
cal Spectrometers. T. Hirschfeld,
Block Engineering

10:20 InCrared Computerized In­
terpretive Search System. R. W.
Hannah, M. Ford. H. Carter. J.
Coates. A. Savitzky. S. Geary. A.
Muir, Perkin·Elmer

10:50 Factor G roup Analysis oC
FTIR Spectra. J. L. Koenig. D.
Kormos, M. Antoon, Case Western
Reserve U

11:20 Computerized InCrared
Spectroscopy-Accomplishments
and Limitations. R. J. Obremski, J.
W. Mohar, Beckman Instruments

Atomic Absorption
Spectroscopy III

Tuesday Morning, BaU Room
J. H. Judd, Pr"iding

8:30 Nongraphite Constant­
Temperature Electrothermal At­
omizen. R. WoodrifC, J. Boyer,
Montana State U

8:50 Tbermal Environment oC
Furnaces oC Massmann Design. S.
Myers. D. C. Manning, F. J. Fernan·
dez. Perkin·Elmer

9:10 Fast Automated Microsam­
pier System Cor Flame Atomic
Absorption. J. A. Steensrud, Varian.
T. N. McKenzie

9:30 Signal Enhancements in
Flamel... AA:. An Explanation
Based on Gas-Phase Reactions. J.
A. Holcombe. R H. Ekluod, U oC
Texas

!I-..50 Optimization oC Perfonn&JlCC
oC Atomic Absorption Speclro­
pbotometers by Design oC Gas
Flow Control S)..tems. C. G. Fisher
III, F. J. Fernandez, S. Sla\'in, Per­
kin·Elmer

10:20 Comparison oC Proton-In­
duced X-Ray Emisaion (PIXEl
witb AAS Cor Determination oC
Acid Leachable Trace Metals in
Marine Sediments. G. C. Grant. R.
K. Jolly, D. C. Buckle. College oC
William and Mary

10:40 Techniques Cor Studying
Graphite Furnace Peab. W. B.
Barnell. M. M. Cooksey. L P. Mar·
genthaler. Perkin·Elmer

11:00 Slurry Atomization: New
System Cor MPreparation_Free"
Atomic Spectrochemical Ana1ysis.
R. C. Fry, N. Mohammed, S. Hughes,
Kansas State U

11:20 Computerized Zeelll&D
Atomic Absorption. J. D. Miller,
Nissei Sangyo Instruments

11:40 Use oC Inductively Coupled
Plasma Emission Cor Traditional
Atomic Absorption Applications.
R. D. Ediger, Perkin-Elmer

Symposium: Practical
Applications of Glass Capillary
Columns In Gas
Chromatography

Tuesday Morning, Music Hall
J. Q. Walker. Presiding

8:30 Overview oC Glasa Capil1ary
Application Trials and Tribula­
tions. R. E. Kasier, Institut cUr
Chromatograpbie Bad Dur Kbeim

9:15 Biochemical Anab'- with
Gla.. Capillary Columna. M. Nov·
otny, Indiana U

10:15 Environmental Analyaia with
Gla.. Capil1ary Columna. W.
Bertscb, U oC Alabama
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Total lab automation:
Only Digital can help you every
step Of tfie wa}'.

Big chemical labs have big computer
requirements. And small requirements, and
everything in between. Which is precisely
why so many of them count on Digital as
they plan their automation.

Digital is the only computer company
with a complete line of compatible systems
that spans the range from small interactive
MINe-11's, which can be literally rolled from
bench to bench, right up to powerful PDP-lIl
7O'sand VAX-11/780's for large scale computa­
tion and data base management.

The DECLAB Family
Computers For The Laboratory.

You can choose Digital systems for the
little jobs like data acquisition, and the big
jobs like simulation and analysis. And with
Digital's uniquely compatible software and
advanced networking capability, these sys­
tems can be hooked to each other and even
to the control systems in your processing
plants to make your computer dollars work
harder at every step.

Call your local Digital sales office and
find out why the largest chemical companies
in the world choose Digital. Or write Digital
Equipment Corporation, Laboratory Data
Products, MR2-4/M16, One Iron Way,
Marlborough, Massachusetts m752. Euro­
pean headquarters: 12, avo des Morgines,
1213 Petit-Laney/Geneva. In Canada: Digital
Equipment of Canada, Ltd.

See us al boolh 1017-1020 allhe Pittsburgh Conference.
March 51hrough March 8.

CIRCLE ~7 ON READER SUVICE CARD



11:00 Food and Euentlal Oil Anal­
~ wllh 01... Capillary CoIUJllDL
W. G. Jennings, V of California

New Instrumentation and
Instrumental Concepts

TUC1lday Afternoon, Room 240
T. C. O·Haver. p,.,iding

1:30 Spectroocoplc SolutioDiIo LC
Separationl ProblelDl. R. Conlon,
A. Poile, Perkin·Elmer

1:50 Tunable Infrared Diode La­
ICn for Indultrial Analytical Ap­
plication: RTV Laaer Analyzer. A.
W. Mantz, Laser AnalytiC!, R. Moore.
L. R. Sherillllki, L. Wail

2:10 Determination of Diffulible
Hydrogen in Steel. T. 018ubo. S.
Golo. M. Amano, H. SaID, Nippon
Stccl Corp.

2:30 Criteria for Low-PrC1llurc
HPLC GradientlDltrument. R. W.
Stout, J. A. Scott, G. Dallas, Du
Pont

2:50 Millionfold Dynamic Range
on Electron Capture Detector. J.
J. Sullivan, Hewlett·Packard

3:20 SeDiitive Detector for Hy­
drocarbons Suitable for Gas
Chromatography. J. E. Melzer, D.
G. Sutlon, K. Weslberg, Aerospace
Corp.

3:40 Low-Level Nitrogen Analysis
with New Elemental Analyzer. R.
F. Culmo, Perkin·Elmer

4:00 Photometric CapabilitlC1l of
New VV-VIS Spectrophotometer.
M. J. Kelle)', D. Priesner. Varian

4:20 New Automated VV Spec­
trophotometer for Fast, Accurate
Analy8C1l. J. P. Salsgiver, Vniled
Technical Corp.

Symposium: Photoacoustlc
Spectroscopy

Tuesday Afternoon, Room 205
P. M. Castle, Presiding

1:30 Photoacoustic Spectros­
copy-An Overview. A. Rosencwaig,
V of California

2:10 Optoacoustic SpectrolCopy:
High-Resolution Study of Weak
TranlitioDi and Excited States.
C.K.N. Patel, Bell Labs

2:50 Photoacoullic and Plezo
Electric Detector Studies of
Solid·Gal and Solid-Liquid Inter­
face. A. J. Bard, V of Texas

3:40 Characterization of Metal
Clulter CatalYl1l Vllng Pho­
toacoultlc SpectrolCoPY. R. B. So·
moono, S, K. Khanna, A. Gupta, Jet
Propullion Lab

4:20 Dermatological ApplicatioDi
of Photoacoultlc SpectrolCoPY. E.
Pinel, 1', Cunningham, Johnson and
Johnlon

General Surface Analysis

Tueaday Afternoon, Room 239
J. Amy, Pr..iding

1:30 SpectrOlCoPY of Surfaceo by
TraDlmiuioD Fourier Tr&Jllrorm
Infrared SpectrOlCoPY. R. J. Jak·
obsen. C. J. Riggle, E. Drauglis, Bat·
telle Columbus

1:50 EPMA MeBlurement ofSiO.
Film Thiclen... on IC Deviceo. T.
Edamura, M. Watanabe, V. Hira18u·
ka, Hitachi, Ltd.

2:10 Electrochemical and Surface
Analytical Characterization of
Electrochemically Reformed Sil­
ver Surfaceo. J. F. Evallll, D. M. VI·
levig, R. M. Hexter, M. G. Albrecht, V
of Minnesota

2:30 ESCA-ISS Analysis of AJ-Ni
Alloy. S. Slorp, Ba)'er AG, K. Ber·
rescheim, M. Wilmers

2:50 Surface AnalYlis of Particu.
!atC1l. C. J. Powell, T. Jach, NBS

3:20 Elemental Mapping with
Automated Auger Microprobe. K.
S. Majumder. 1'. A. Pandolfi, Var·
ian

3:40 Low-Vohage Scanning Elec­
tron MicrOBCop)' and III Applica­
tionl. Y. Sakitani, H. Todokoro, T.
Komoda, Hitachi. Ltd.

4:00 In-Situ High-Pr....ure Sam­
ple Preparation for Surface
Analysis. H. D. Polaschegg, M. Jun·
gel, E. Schirk. K. Berrescheim, M.
Wilmers, Le)'bold·Heraeus

4:20 Effect of Argon Pr....ure on
Auger Spectra of Lightly Oxidized
Metal Specimens. H. L Veh. D. J.
Hunl. International Nickel Co.

4:40 Ellipsometric Study of Thin
Films Formed on Copper by
Aqueous Benzotriazole and Benz­
imidazole. N. D. Hobhillll, R. F.
Roberts, Bell Labs

Fourier Transform Infrared
Spectroscopy I

Tuesday Afternoon, Room 3A
W. Falele)'. Presiding

1:30 New High-Resolution In­
frared Evaluated Quantitati\'e
Reference Spectra Compendium.
M. Flanagan. Sadlier Research Labs

1:50 Ionic Beha\ior of Chemically
Modified Enzyme, Chymotrypsin,
ao Studied hy Fourier Transform
SpectrOBCopy. K. Krishnan, Digilab,
J. A. Stewarl

2:10 Automated Infrared Phar­
maceutical Analysis. W. A. McAl·
lister, G. W. Martin. F. Sancilio,
Burroughs Wellcome Co.

2:30 Criteria for and Implemen.
tatlon of Deaign for Evacuahle
Hlgh.Resolution FT-IR Spec·
trometer. J. P. Covey. D. W. Vidrine,
Nicolet Instrument Corp.

2:50 Choice of Optimum Resolu­
tion, Aperture, Apodlzatlon, and

Program

TraDiform Size In Fourier'rrau­
form Spectroac:opy. T. Hirachfeld,
Block Engineering

3:20 Accurate Phue CorrectioD at
Fourier Trana(orm Infrared
Meuuremenla. D. R. MallBon, Ni­
coletlrutrument Corp.

3:40 TLC-IR Vaing Ready-Made
Commercial Coated Plates. .1'.
Hirschfeld, Block Engineering

4:00 Characterization of Polymer
Deformation and Orientation by
Rapid-Scanning FTIR Speclroa­
copy. H. W. Siesler. Bayer AG

4:20 Time-Dependent Infrared
Speclrollcopy. C. R. Aoderson. D. W.
Vidrine. Nicolet Instrument Corp.

4:40 Facton Deter:mininc Viti·
mate Signal-to-Noiae Ratio in
Practical Ff-IR Meuuremenla.
D. A. Huppler. D. R. Mallllon, Nicolet
Instrument Corp.

Liquid Chromatography
Applications I

Tueaday Afternoon, Club Room B
M. A. Phillips. Presiding

1:30 Separation of Methyl Poly­
cyclic Aromatic Carboxylalea by
HPLC and GPe. R. E. Winans, R. L
McBelh. R Ha)'a18u, M. H. Studier,
Argonne National Lab

1:50 Carbohydrate Separation by
HPLC: Selected Packinp. L
Cummings, Bio-Rad Labs

2:10 Rapid and Ilich-Resolution
Melhod to Determine CompoGtion
of Com SyruPl by Liquid Chro­
matography. L E. Fitt, W. Hassler,
D. E. Just, CPC International

2:30 Hydrodynamic Chromatoe­
raphy of CoaUnc- and ReaiDI Uti­
lizing a Ditrerential Refrac_
ter Detector. G. P. Cunningham. C.
A. Higginbotham. PPG Indusuies

2:50 Vse of Liquid Chromatoen­
phy Apparatua to Study Solubility
of Sodium Chloride in Dry Steam.
J. Galobard... G. Oweimreen, L B.
Rogers, V of Georgia

3:..'>0 Rapid SARA Separation by
HPLC. L G. Galya. J. C. Suatoni,
Gulf Science and Technology Co.

3:40 Ana1ysia of Some WBIte Lu­
bricaUnc and Residual Fuel Oila
by Ilich.Perfonnance Liquid
Chromatocraphy. J. M. Brown, W.
E.May,NBS

4:00 Ana1ysia of Surlaelants hy
HPLC. A. C. Hayman, G. Dallas, Du
Pont

4:20 Hydrophobic Chromatoera·
phy o( ImJduole Derivatlv... on
Variety of Reverae-Phase Col­
umDl. E. R. White, J. E. Zarembo,
Smilh Kline Corp.

4:40 HPLC Analyais of Divalent
Metals BI Dilhiaone COmp1el<.... D.
E. Henderson, R. Chaffee, Trinity
College
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AGaAsPMT
doesn't have tobe fragile

to besensitive.

@
varian

Pinbased for simple retrofitting.
ow it's easier than ever to replace that out­

dated and fragile glass PMT with a sensitive and
rugged Varian photomultiplier rube. Varian
utilizes ceramic-to-metal seal bod\'
construction, surrounds the photo­
cathode and dynode stages
with a silicone rubber ma­
terial, encloses it all in a
fiberglass housing and
adds a pinbase for
simple plug-in.

Through­
our its long life
the Varian PMT will
dramatically increase • ./
the sensitivity and peak quantum
efficiency of your analytical instruments.

Perfonnance you can count on ...
with a full year warranty.

The outstanding performance of
Varian end-window PMrs is achieved
through a semitransparent IH-V Gallium Arsenide
photocathode, six times the size of most others,
which allows light collection between 300 and 900
nm. Optimum signal-to-noise performance results
from advanced electron optics, solid first and sec­
ond dynodes and -?BOC coolability.

Compare Varian GaAs I'Mrs against glass
lUbes, specification for specification, and you'lI

choose a VI'M-192 MB to upgrade your system.
Add Varian's one year warramy and there's no

comparison.

Varian PMT's detailed
in FREE brochure.

For more information on the family of
Varian Photomultiplier products

write for the color brochure,
ExceilcllC<' ;III'!J%dc/<'C/irJII.

Contact Varian, LSE Divi­
sion, 601 California Avenue,
Palo Alto, California \14303.

lclephone (415) 493-4000, ext.
3094/3608, or call any of thc

Varian I'MT sales represel'Hatives
throughout the world.
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Ion Chromatography-Thin-Layer
Chromatography

Tuesday Afternoon, H'Jom 235A
D. Pensenstadler, Presiding

1:30 Ion Chromatography Cou­
pled with Ion Exclusion (IC/IE):
Instrumentation and Applications.
W. Hieh, F. C. Smith ..Jr .. L. McNeill,
DlOncx Corp.

•:50 Determination or Anionic
Species in Sodium Aluminate Li­
quors by Ion Chromatography. N.
J. Hornung, Aluminum Co. of Amer­
ica

2:10 Application of Ion Chroma­
tography to Analysis of Industrial
Process Waters..J. A. Hawa, Calgon
Corp.

2:30 Analysis of Metals by Ion
Chromatography. A. Schoffman. R.
Posner. U.S. Testing Cu.

2:50 Anion Analysis by IIPLC. K.
Harrison. The Separations Group, D.
Hur.-::e

3:20 Determination or Cbloroac­
ctatc, Glycolate and Chloride in
Surfactant HcaclioD Mixtures via
Ion Chromatography. J. J. Hobin·
sun. Ciba·Geigy, E. W. Ciurczak

3:40 Simple Automated Ion Chro­
matography System. K. F. Kahnke.
Phillips Petroleum

4:00 Hapid Selection of Optimum
Separation Parameters in TLC. H.
K. Vitek. D. M. Kent, V-tech Corp.

4:20 Thin-Layer Chromatography"
Simple Approaches to Complex
Separation Problems. H. J.lssaq. N.
H. Hisser. NCI Frederick Cancer He­
scaTch Center

4:40 Selectivity Enhancement
with SB/CD Chamber, New Form
for TLC. L. G. Glunz, J. A. Per""
Reg-is Chemical Co. .

5:00 Seolecitc as on Adsorbant Cor
Thin-Layer Chromatography. K.
Srinivusulu. A. K. Sonukin. Vikram
U

Environmental Analysis-Air
Pollution II

Tuesday ACtcrnoon, Hool1l 235B
H. Rybu, Pn·sidillJ.:

1:30 Determination oC Ammonia in
the Atmosphere oC Multiple
Wavelength Absorption Spec­
trometry. J. M. Shekiru. Jr.. K. H.
O'Keefe, Colorado Slate U

I:50 Application oC Trllpping
Conccntrator/GC System to Trace
Analysis oC Volatile Organics in
Polymers and Air. E. J. Levy,
Chcmicul Dotu Systems

2:10 Simple Tenax Collector/In­
jector for Atmo.pheric Sampling.
F. H. Jurke. 11'1'. S. COllen, A. Druv­
nicks

2:30 Laboratory Environment­
Air Pollution Control. J. Librizzi
Heat Systems-Ultrasonics '

2:50 Surface Analysi. Techniques
as Probes of Metal Speciation in
Environmental Samples. R. W.
Linton, M. Bednar, M. E. Farmer, U
of Nerth Carolina

3:20 Microcomputer-Controlled
InCrared Spectrometer for Ambi­
ent Air Analysis. J. G. Kocak, D. K.
Wilks, Foxboro Analytical

3:40 Standard. Cor Quantitative
Gas Analysla. E. H. Kebbekus, D. D.
Murroy, Mathefton

4:00 Computerized Display of
Chromatographic Data for Envi­
ronmental Analyses. H. E. Clement
F. W. Karasek. U ef Waterloo .

4:20 Microprocessor-Controlled
Process Gas Chromatographic
System for Area Monitoring. J. M.
Clemons. E. Lcaseburge, Bendix

4:40 Photoacoustic Spectra of
Organic Compeunds on Coal Fly

t~~ra~~~~~rr' D.F.S. l'atusch,

Symposium: Microprocessors In
Acllon

Tuesday ACternoon, Little Theater
F. \\'. Plankey. Presiding

1:30 Introduction and Overview
1:40 Microcomputers in Suppert
of Chemistry. E. R. Fisher. U of
California

2:25 Utilizing a Microprocessor in
a Dedicated Analytical Instru­
ment. C_ J. Sitek. H_ B. Edwurds.
LECOCorp.

3:30 Applying a Microprocessor to
Multicompenent InCrared Analy­
sis. P. Wilks, Wilks-Foxboro Analvt·
ieal .

4:15 Application oC the KIM-I
Microcomputer. J. D. Ingle. Oregon
State U

Atomic Absorption
Spectroscopy IV

Tuesday Mternoon, Boll Hoom
P. E. Bauer, Prt'siding

1:30 Simultanccus Multielement
Atomic Absorption Spectroscopy
Using Electrothermal Atomiza­
tion. P. G. Howley, P. R. Beaulieu. J.
~t~~a~aty,K. H. O'Keefe, Colorado

1:50 Application of Multielement
Atomic Absorption Spectrometer
for Simultaneous Determination oC
Elements in a Flame. P. R. Beaulieu,
K. H. O'Keefe, Colorudo State U

2:10 Anatyticat Versatility in
Atomic Spectroscopy. R. G.

Schleicher, J. J. Sotera, H. L. Kahn.
Instrumentation Lab

2:20 High-Speed, Background
Corrected, Simultaneous Mul­
tielement Atomic Absorption
Spectrometer. J. M. Harnly. U of
Maryland, T. C. O'Haver, W. H.
Wolf

2:50 Instrumental Parameten in
Atomic Absorption. H. L. Kahn, P.
M. Moran..J. D. Miller. (ostrumen­
tatien Lab

3:20 Sampling System for Direct
Atomic Absorption Analysla oC
Chelated Trace Elements U.ing
Constant-Temperature Furnace.
J. Nichols. H. Woodriff. Monlana
State U

3:40 Applications oC Vitreous
Carbon Components to Electro­
thermal Atomizers. M. Verwelf. H.
Woodriff. L. Hageman. Montana
State U

4:00 Comparison oC Lead Inter­
(erences in Pulse Type ""S. Con­
stant-Temperature Electrother­
mal Atomizers. L. Hugeman. H.
Woodriff. Montana Slate U

-1:20 Interferences in Graphite
Furnace Atomic Absorption
Spectroscopy. J. P. Ezspamer. '1'.1\1.
Niemczyk. U of New Mexico

4:40 L','ov Platform Provides
More Constant Thermal Condi­
tions for Furnace AA Analyses. D.
C. Manning. W. Slavin. Perkin­
Elmer

Symposium: Trace Analysis
with Glass Capillary Column In
Gas Chromatography

Tuesday Mtcrnoon, Music Hall
\\". Suits. Presiding

1:30 Practical Capillary Chro­
matography-A Systematic Ap­
proach. K. Grob. Swiss Federal In­
stitut£> for \Vater Resources and
Wuter Pollution Centrol

2:30 Use of Selecti"e Detectors to
Simplify Interpretation of Com­
plex Capillary GC/MS Environ­
mental Analyses. M. Marcus, Mid­
west Research lnstitute

3:15 Sereening Cor Priority Pol­
lutants in Industrial Wastewaters.
T. Sabatino, Rutgers U

3:40 Cost Saving Through Time
Optimization of Trace Drug
Analysis. L. F. Hanneman, Dow
Corning

4: I0 AnalYlla oC Chlorinated Ani­
sols, Chlorinated Dibenxofurans,
and Brominated Bipheny·ls. T.
Farrell, FDA

4:35 Column Selection for Pesti·
cide and PCB Analyses in
Water-Advantages and PitCall..
F. Onuska, Canadian National Water
Research Institute
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Tracor
if you don't haveTracor chromatographs

in your lab•••
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702 NPD
Phoophorous

Gas ChromatograPhY
A Tracer 560 gas chromatograph equipped With the New HALL"
700A Electrolytic Conductivity DetectOl and the Tracor 702
Nitrogen-PhosphOlous DetectOl can do specific analysIs of
almost any class of compounds.

700A HALL" Electrolytic Conductivity Detector
The new HALL" 700A is more compact and up to 10 limes mOle
sensitive than its predeceSSOlS. It incorPOlales such new
features as

• An automatic solvent venting valve and a d,IIerentlal
conduclivity cell fOl improved long term stability

• Anew micrOleactOl platinum resistance healerlsenSOl
which allows fOl fasler and more accurate temperature
control of the reaction zone

• A combustion lube of small 1.0. nickel tube which gives
more ellicient conversion of lhe combusted compounds

The 700A also inCOlPOfates a bipolar-pulsed excitation Signal
across the cell electrodes which eliminates the non-linearity.
cell heating and capacitive noise problems preViously assocI­
ated with other conductivity measurements.

702 Nitrogen·Phosphorous Detector
The Tracor 702 Nitrogen and PhosphOlous DetectOl has several
outstanding features over other available nitrogen phosphOloUs
detectOlS. First, the source desensitizer allows the user to In­
ject Chlorinated solvent derivatizing agents and OId,nary sol­
vents without degenerating 01 destroying the source. Second.
the source is electrically heated/precision temperalure con­
trolled fOl better SOJce life even in the event of column flow
loss. Next. source alignment is qUick and easy wllh alignment
tool provided. Wh<it can you do with the Tracor 560f700Al702
element selective chromatograph?

• Specific detection of halogen. nitrogen Of sulfur com­
pounds over a 10' linear range With the HALLG 700A
Electrolytic Conductivity DetectOl.

• Specific detection of nitrogen ana phosphOlous com­
pounds with easy detector operation uSing the 702
Nitrogen-PhosphOlous DetectOl.

CllfOfl"IDlDgltirn 01 1 no 03Ctl 01
1l,1100000Jl1,ne~ h~loo ~

l)r(;OI1.Jm~Or It!(· ~IITIOCOIn
tJ(AJrI(lsIUt:cl(:o'lIl~f1~a)l.flllJlu

Tile l00A llt.'1ecIOl prOvIdeS
'mpl'~d hr'leauty ana selec
Ij~,l'f to Wit... O"tef lilt! f K)

Tracer, Inc. 6500TracerLane Austin, Texas TELEX 77-6414
CIRCLE 208 ON READER SERVICE CARD

Contact Tracor lor Chromatrographic Conditions.
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®WITOJlliJOOmIT8][JWv
look at the chromatography capability
you are missing!

The Models 965 and 970A combine two powerlul detecos in a
Single LC system.

Tracer's new Model 950 pwlPlng system feabJes a unique
quIckly removable mIcro liquId head assembly. inter<:hange­
able With a high flow liquid head. Also an imptowd electlOllIc
flow compensation CUCUlt IS used whIch eliminates pulsing
resulting from Piston movement-thus ptOVlding longer column
life and higher sensItiVIty detector compatibility.

ThiS pump IS complemented by the 980A solvent ptogrammer
lor gradient elution operatlOO.

Tracor's 900 Seroes liquid Chroma...Jl1aPh ptl70lides selective
detection of halogen. nitrogen and sulfur compounds in liquid
chromatography USing the Tracer 965 Pholo-oondJctlvily detec­
tor. This delector. like the 700A for gas chromatography. uses a
bipolar pulsed Signal aaoss the differential cell electrodes 10
give Increased linearity and sensitiVity. Chromatograms below
Illustrate Its operation.

Another Tracer designed product the Model 970A Variable
Wavelength Absorbance Detector. UlCludes both deu\efil.m and
QUartz iodIde SOU'ces for absorbance measu-ements 0IIel the
enlue UV-vlsible sPectral range-l9Onm-65Onm. ThIS type 01
deteclor has become the most generally used detector in the
field of high ptessure liquid chromalOgaphy. The 970A leaues

. fiber transfer optics. a hoIogaphlcally ruled grating for low
noIse. high energy operatlOO even in the far UV. ThIS modem
optical technology has ptodLce<:l a Simple desIgn resuiling in
maxlmun energy With no cell alignment requirements. A low
cost wavelength scanning option is offered 10 ptl70lide sPectral
,nfOlmatlon.
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Program

Wednesday, March 7

Magnetic Resonance
Spectrometry

Wednesday Morning, Room 240
R. Mooney, Presiding

8:30 Moisture Determination in
Solids by Pulsed NMR. A. Attalla.
B. Craft, Monsanto

8:50 Applications of Proton and
Carbon-13 NMR to Coatings. J. H.
Smith, PPG Industries

9:10 Magnetic Resonance and In­
frared Spectral Studies of Struc­
tural Changes During Coal Liq­
uefaction. M. R. Hough, H. L.
Retcofsky, T. A. Link, D. H. Finseth,
U.S. Dept. of Energy

9:30 Deuteron Quadrupole Cou­
pling Constants of Intramolecular
Hydrogen-Bonded Compounds. J.
C. Trewella, L. M. Jackman. Penn·
sylvania State U

9:50 Tetraarylborates as NMR
Shift Reagents for Onium Com­
pounds. G. E. Pacey, C. E. Moore,
Loyola U

10:20 Toward an Optimal Para­
magnetic Relaxation Agent for 31 p
N uelear Magnetic Resonancc. T.
M. Carr, IV. M. Ritchey, Case lVest·
ern Reserve U

10:40 Relaxation Agents for Im­
proved Sensitivity of '"'Si NMR. D.
Cory, A. Wong, IV. M. Ritchey, Case
\Vestern Reserve U

Emission Spectrographic
Analysis

Wednesday Morning, Room 205
J. E. Paterson, Presiding

8:30 Utility of ICP Spectroscopy
for Routine Multielement Analysis
of Nutritional Products. W. B.
Tucker, J. O. Rasmuson, Mead
Johnson & Co.

8:50 Inductively Coupled Argon
Plasmas: Introduction of Organic
Species. A. W. Boom, R. F. Browner,
Georgia Institute of Technology

9:10 Application of Inductively
Coupled Plasma/Dircct Reading
Polychromator to Multielement
Analysis of Stream Sediment Ex­
tracts. G. F. Larson, R. IV. Morrow,
L. E. White, Union Carbide

9:30 Sequential Determination of
60 Elements in Geochemical and
Environmental Matrices by In­
ductively Coupled Plasma-Atomic
Emission Spectrometry. M. A.
Floyd, A. P. D'Silva, V. A. Fassel, M.
Tschetter, Iowa State U

9:50 Improved Potassium Deter­
mination in Direct Reading Spec..
trometer with Inductively Coupled
Plasma Source. B. A. Hudgens, U of
Missouri, D. A. Yates, S. R. Koirtyo·
hann

10:20 Elemental Trace Analysis of
Human Blood Using ICAP Spec­
troscop)'. C. H. Annett, U of Kansas
Medical Center, H. C. Bearse

10:40 Determination of Sulfur via
Hydride Evolution Using Vacuum
Ultraviolet Plasma Atomic Emis­
sion Spectrometry. S. R. Ellebracht.
P. D. Swaim. Dow Chemical

11:00 Detcrmination of Carboxyl
and Phcnolic Content of Coal and
Lignite Residues by Sodium Flame
Emission Spectroscopy. R. C. Duty.
J. Austin. J. J. Dumais. Illinois State
U

11:20 Spectrochemical Determi­
nation of Beryllium and Lithium in
Strcam Sediments. D. L. Gallimore.
A. D. Hues. B. A. Pulmer. O. H. Simi.
U of California

11:40 Analyses of Aircraft Engine
Oils for Wear Metal Particulatcs
by Plasma Source. Rotating Disc
Atomic Emission and Atomic Ab·
sorption Spectroscopy. P. S. Fuir, U
uf Darton Research Institute. J. R.
Brown. W. E. Rhine. K. J. Eisen·
traut

Symposium: New Techniques in
Applied Surface
Characterization

Wednesday Morning, Room 2:l9
D. M. Hercules. Presiding

8:30 Introductory Remarks. D. M.
Hercules

8:~0 EXAFS Applied to Catalysts.
F. W. Lytle, Boeing Co.

9:15 EXAFS Studies of Surfaces
Using Electron Yield Spectrosco­
py. J. Stohr, Stanford Synchrotron
Radiation Lab

10:10 Electron Energy Loss Spec­
troscopy. H. Ibach, Institute for
Grcnzflachenforschung und Vacuum
physik der Kernforschungsanlage

10:50 Inelastic Electron Tunneling
Spectroscopy Applied to Modificd
Surfaces. A. Diaz, IBM

11:25 Simultaneous Work Function
and Surface Composition Mea­
surements. G. A. Haas, Naval He·
search Lab

Fourier Transform Infrared
Specfroscopy II

Wednesday Morning, Room :lA
P. R. Griffiths, Presiding

8:30 Quantitative Methods in
IT-JR. D. W. Vidrine, Nicolet In·
strument Corp.

8:50 Molecular-Level Approach to
B1ood-Surface Interactions. H. M.
Gendreau, R. J .•Jakobsen, Battelle
Columbus

9:10 Automated Interface Be­
tween a Liquid Chromatograph
and a Fourier Transform Infrared
Spectrometer. D. Kuehl, P. n. Grif·
fiths. Ohio U

9:30 Identification and Determi­
nation of Minerals in Whole Coal
by Diffuse Renectance Infrared
Spectrometry'. M.P. Fuller. P. H.
Griffiths, Ohio U

9:50 Environmental Chamber for
Complete Churnclcrb.nlion of
Polymer Aging via Infrared
Spectroscopy. B. J. Bulkin, E.

~:j~l~~:.(;}.~~\~~.~)I:~. Ptllytcchnic In-

10:20 GC/IR Analysis of Commer­
cial Divinyl Benzene. ,I. D. Witt.
Allied Chcmiclll Corp., n. L. Julian,
M.Gllbriel

10:~0 Functional Group Analysis of
GCIH Datil Using Correllltion In­
terferometry. H. C. Wiehold!. B. A.
Holml'. D. A. Hannll, T. L. Isenhour.
U uf Nurth Cnrolinn

11:00 Infrared Scarch System
Bused on Direct Compurison of
Intcrfcro.:rums. G. \\'. Smull, G. T.
Hn~mussl'n. T. I.. Is(·nhour. U of
Norl h Carulina

11:20 High-Sensitivity Fourier
Transform Infrared Spectra of
Pyrolysis-Gas ChromatoJ.t'raphic
Pcaks. K. Kri:.;hllon. H. C. Noonan,
Di~ilnh

11:.10 Fouricr and Transform In­
frared Spectroscopic Study of
Phasc Transition in Some Liquid
Crystals. It C. Noonan. K. Krishnan,
S. H. Hill. Di~ililb

Liquid Chromatography
Applications II-Biomedical

Wednesday Morning, Club Hoom B
N. I\utsko. PrcsidiflJ.!

8:30 Healistic Approach to Opti­
mizing Chromatographic Systcms.
Application to Rcvcrsc-Phasc
HPLC Separation of Several
PTH-Amino Acids. M. W. Watson,
P. \\'. Carr, U of r-.'1illnesolu

8:50 Usc of He"erse-Phase HPLC
in Isolation and Separation of
Pcptidcs. ~'1. Savuge. G. Hewett, G.
McKay, Altex Scientific

9:10 Vitamins A, D, and E via Fast
LC. A. L. Piclranlonio,.1. I. Fernon·
dei'., .J. n. Gunt, T'cchllicon Industrial
Systems

9:30 Hapid Liquid Chromato­
I{raphic Dctcrminution of Amino
Acids in Picomole Hange. n. W.
Hill, U ofConnecticot.,.!. D. Stuart, T.
D. Wilson, F. H. Walters

9:50 Separation of Nuclcic Acid
Components on New Bonded­
Phase Anion Exchanger. C. T.
Wehr, S. n. Abbott, Vnrian

10:20 Analysis of Methylated Nu­
c1eosides in Biological Fluids by
HPLC. D. J. Popovich, C. ,J. Luncas·
ter, G..J. I(ushll, Whutl1lun, Inc.

10:,10 Liquid Chromatographic
Scparation and Fluorc!wence
Measurement of Tuurinc-A Key
Amino Acid.•J. D. Stunrl, U of Con·
necticot, n. W. Hill, T. D. Wilson, F.
H. Wulte,", S. Y. Feng
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IHome DNIce: Baifd.Alonuc.lnc.
125 Middlesex Tplt, Bedford, MA 01730
Tel (617) 276-alOO - Tele :923491 ­
cable: BAIRDCOBFRD

Let us demonstrate the SFR-IOO in your own Iaboratoty_ We ilileave
you 8 lree copy 01 "PractICal Ftuorescence Theor(, Methods, and
Techniques." by G. G. Guilbault. lor giving US 8 chance to show what
this unique Instrument can do.

Analysis is simple, quick, and
accurate with this sophisticated,
ratio recording Spectrofluorometer
from BAIRD...
Providing sensitivities in the low parts-per-trillion, Baird's
Model SFR-100 is a versatile, state-of·the-art instrument
that can speed routine work and simplify the most com­
plex analysis.
A double-beam ratio system for corrected spectra,
together with excellentlong-terrn stability, provides
outstanding accuracy. A high signal-te-noise ratio assures
clear, unambiguous results. Readout of reference, emis­
sion and ratio signals can be selected on an integral panel
display and separate XV recorder. An analog panel
meter facilitates set-up, and BCD output is available for
simple computer interfacing. Many other advanced
operating features are included.
Send today for complete SFR-100 specifications and
operating details, together with data on a broad range of
accessory equipment and devices_

81 BAIAD-ATOMIC
I

~

,.

FLUOROMET ry
MADE
EASY

FlUORaPOM' - A~.
MItomIItk:~~........................-.........
price.lidiNltfoflht
IfNI WlonlQy.

CIRCLE 22 ON READER SUVICE CARD

See us at Booth 801-808 allhe Pittsburgh Conference



Program

11:00 Characterization of Bonded
NH: Packing and High-Sensitivity
Determination of Saccharides. M.
D'Amboise, D. Noel. T. Hanai, U of
Montreal

11:20 Applications of Anionic Sur­
factants as Mobilc Phasc Modifi­
ers in High-Performanee Liquid
Chromatograpby of Pharmaceu­
tical Compounds. J. M. Jushchysh­
yn, L. G. Meehan, C. D. Muller. Smith
Kline & French

Symposium: Environmental
Organic Analysis of Water and
Sediment

Wednesday Morning, Room 235A
D. H. Freeman, Presiding

8:30 Intrdduction to Symposium.
D. H. Freeman

8:35 Organics in the Environment:
Statistical Sampling and Instru­
mental Analysis. H. S. Hertz. NBS

9-.20 Implications of Transport and
Transformation Cor Environmen­
tal Pollutant Analysis. G. L.
Baughman, Environmental Research
Lab

10:20 Strategies for Ultra trace
Analysis of Prevalent Environ­
mental Organic Contaminants_ C.
S. Giam, Texa, A&M U

10:45 Methodless Methodology­
Strategy for Alkyl Phthalate
Measuremcnt in Marine Sedi­
ments. D. H. Freeman, J. C. Peterson.
U of Maryland

11:10 Nonvolatile Organic Im­
purities in Wastewater by Liquid
Chromatography. H. F. WaiLon. U
of Colorado

11:35 Aromatic Hydrocarbon
Biogeochemistry in Model Eco­
System_ N. M. Frew, A. C. Davis, K.
Tjessem. J. W. Farrington, Woods
Hole Oceanographic Institution

Environmental Analysis-Air
Pollution III

Wednesday Morning, Room 235B
A. J. Kavoulakis, Presiding

8:30 Analysis for Selecled Toxic
and Careinogcnic Organic Vapors
in Ambient Air. J. W. Rozzelli, J.
Kemp, J. LaRegina, B. Kebbekus,
New Jersey Institute of Technology

8:50 Evaluation of Sorbents for
Trapping of Organic Vapors from
the Ambient Atmosphere. B. Keb­
bekus, R. Vaccaro, J. W. BozzA,Ui, New
Jersey Institute of Technology

9:10 Chemical Characterization of
Trace Elements in Ashes from
Refuse Fueled Processes. G. M.
Trischan, Midwest Research Insti­
lute

9:30 Anal).,.is of Coal Liquefaction
Products by MIKES. D. Zaketl. V.
M. Shaddock, R. G. Cooks. Purdue
U

9:50 Sampling and Analyzing
Techniques of Air Bag Innator
Efnuents. B. M. Joshi. E. L. Stokes,
Ford Motor Co.

10:20 Determination of Vinyl
Chloride Monomer in the Ambient
Air Ncar Point Source Emissions.
J. L. Lindgren. G. Speller. Texas Air
Control Board

10:40 Analysis of Ambient Partic­
ulatc Matter Using Fourier
Transform Infrared Spectroscopic
Technique. K. H. Shafer. Battelle
Columbus. W. M. Henry. R. J. Jak­
obsen. R. Burton

11:00 Sample Preparation in De­
termination of Free Crystalline
Silica in Respirable Dust from
Steel-Making Environments. O. P.
Bhargava. A. S. Alexiou. H. Meilach.
W. G. Hines. Steel Co. of Canada

II :20 Development of Purging
Technique for Determination of
Volatile Organic Pollutants in
Biological Matrices. M. D. Erick­
son. L. C. Michael. S. P. Parks. J. L.
Barcia\', E. D. Pellizzari. Research
Triangle Institute

11:40 Application of Proton-In­
duced X-Ray Analysis for Aerosols
in the Atmosphere. S. Tanaka. Keio
U. R. Chiba, H. Kutsunn. Y. Osnda. Y.
Hashimoto

Gas Chromatography­
Detectors

Wednesday Morning, Little Theater
J. Sember, Presiding

8:30 Organotin Detection with
Hydrogen Atmosphere Flame
Ionization Detector (HAFJD). J. E.
Roberts, T. Kumar, H. H. Hill, Jr.,
Washington State U

8:50 Response of Thermionic
Specific Detector to Various Ni·
trogen Compounds. Z. PenLon,
Varian

9:10 Group Specific Infrared De­
tector for Gas Chromatography. H.
H. Hausdorff, Foxboro Analytical

9:30 Evaluation of Nitrogen Spe­
cific Mode of New Version of Hall
Electrolytic Conductivity Detec­
tor (HECD). R. J. Anderson, R. C.
Hall, Tracor Instruments

9:50 Capillary Column Ga. Chro­
matography of Inorganic Com­
pounds with Specific Element
Detection. P. C. Uden, T. P. Tetu, C.
A. Poirier, B. D. Quimby, R. M.
Barnes, U of Massachusetts

10:20 Use of Photoionization De­
teetor for Determination of Traee
Contaminants in Pharmaceutical
Compounds and in the Environ­
ment. W. E. Moeckel, E. R. White, J.
E. Zarembo, Smith Kline Corp.

10:40 Glass Capillary GC Columns
with Photoionizatlon Detector. J.
Driscoll, L. Jaramillo, HNU Sys­
tems

11:00 Photoionization Detector:
Selective or Nearly Univcrsal
Detector for Gas Chromatogra­
phy. L. Jaramillo, J. Driscoll, HNU
Syst.ems

11:20 Mullicolumn Multidetection
Capabilities of Capillary Column
Dedicated Gas Chromatograph. G.
Sisti. Carlo Erl.m Strumentazione, G.
H. Verga. S. Trestianu

11:40 Fresh Design for Thermal
Conducti\'ity Detectors. J. Craven,
D. Clouser, Hewlett-Packard

Atomic Absorption
Spectroscopy V

Wednesday Morning, Ball Room
P. Walters, P,,>.,iding

8:30 Interfacing Inexpensive
Home Computers to Analytical
Instruments and Laboratory
Minicomputcrs. T. S. Wasco, M. E.
Hughes. J. L. Fasching, U of Rhode
Island

8:50 Evaluation of Reliability of
Hesulls Using New AA Spectro­
photometer. M. W. Houth, P. A.
Bennett, Varian

9:10 Frilled Disk Pneumatic
Nebulizer-A Nebulous Phenom­
enon. C. T. Apel, D. V. Duchane, Los
Alamos Scientific Lab

9:30 Evaluation of Utility of New
Nebulizer System in Water Anal­
ysis. M. W. Houth, T. McKenzie,
Varinn

9:50 Use of Organic Acids for Im­
proved Signal Stability and Sen­
sitivity Cor Determination oC Met·
als in High Salt Solutions by
Atomie Absorption Spectroscopy.
E. G. Gooch, P. H. Roupe, Dow
Corning

10:20 Fundamental Studies of
Continuum Source Atomic Fluo­
rescence to Determination oC Ar·
scnic, Antimony, and Sclenium. E.
M. Heithmar, U of New Orleans, F.
W. Plankey

10:40 Determination oC Arsenic,
Selenium, and Antimony by Non­
dispersive Continuum Source
Atomic Fluorcscence Spectrome·
try. F. Lipari, F. W. Plankey, U of
Pittsburgh

11:00 CW Laser-Enhanced Ioniza­
tion and Atomic Fluorescence
Spectroscopy. S. J. Weeks, NBS, J.
C. Travis, G. C. Turk, J. R. DeVoe, P.
K. Schenck

11:20 Ionization Intorfercnce. in
Lascr-Enhanced Ionization Spec­
trometry. T. O. Trask, G. J. Havrilla,
n. B. Green, West Virginia U

11:40 Fate of Traco Metala in
Batch-Type Coal Gasification
UniL P. M. Grohse, S. K. Gangwal, D.
E. Wagoner, Research Triangle In­
stitute
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SIEMENS

When choosing
an X-ray analytical system...

- 4
-

Naturally. any Siemens is a superb
manual or automatic analyzer.

Each has a range of capabilities that
assures top performance in its own areas
of application. Our SRS 200 is the most
cost-ellective sequential X-ray
spectrometer on the market today. Our new MRS 400
high-performance. mullichannel spectrometer delivers 28
simultaneous X-ray evaluations in as linle as 40 seconds.
And our D 500 dillractometer ... wjth 1·. 40-. or 8O-specimen
magazine. all with sample-rotation capabilities: integrally
mounted X-ray tube: and independent-&; W; motion ... is
absolutely unexcelled in the industry.

They're all tangible. hard-working. highly productive
hardware. But when the chips are down. the Siemens
intangibles can be equally essential:

People. Thoroughly competent people who give you
hard. unbiased information ... not product pullery.
Cooperative people who listen and deliver. permanent
people who'lI be there when you want them. year alter year.

--~"'-

. f • C::>O­....._..
, f.'.·.,.:...

Service. A widespread. mobile service organization.
Fast. fast response. Unexcelled facilities. Top-notch
engineers and technicians.

Attitude. Siemens is a wOOd leacler in X-<ay
technology and equipment. We got that way through
state-of-the-art thinking. absolu1e product quality. and a
simple corporate policy: The fastest way to get ahead, is to
put your customers' interests first.

For more infonnation on our lull range 01 X-<ay
analyzers. use the reacler-response card. For complete
information. plus a free 30 x 43-inch. lour-<:oJor wall chart 01
the X-ray periodic table of the chemical elements, contect
Mr. Pedro Arredondo. Siemens Ccxporallon, 2 Pin Oak
Lane. Cheny Hill. New Jersey 08034. (609) 424-9210.

even the intangibles
are tangible reasons to buy Siemens.
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Program

Dal Nogare Award Symposium
8:OO-W.........' -.woe.""'" Hoi

R. A. BartO«!. PrttsJding
Presentetlon 01

Oal Nogare Award
by

L,le H. PhIfer
for

The Chromatography ForuTl of
Delaware Valley

to
J. Calvin Gkkllngs
university of Utah
Award Address

10:00 Recycle Chromatography. L.
B. Rodgers. U of Georgia

10:45 Extended Capabilities in Gas
Chromatography Through Higb­
Resolution Techniques. S. P. Cram.
Varian

11:10 (To be announced). B. L. Kar·
gert Northeast.ern U

11:35 Factors Affecting Selectivity
in Reverse Phase Chromatograpby
with Hydrocarbonaceous Bonded
Phases. C. Horvatb, Yale U

Raman Spectroscopy

Wednesday Afternoon, Room 240
W. F. Edgell, Presiding

1:30 Seizing tbe Advantage­
Multiplex Laser Raman Spec­
troscopy. C. J. Vear, Anaspec, Ltd.

1:50 Raman Spectrometer System
Free of Chromatic Aberrations. J.
F. Rendina, Spex Industries

2:10 Raman SpecLrum of Dilute
Tetrahydrofuran Solutions of
NaCo(Co). Structure at Ion Sites.
Selection Rules. W. Edgell, Purdue
U, K. T. Josepb

2:30 CARS Study of Combustion­
Related Species. M. E. Mcilwain, J.
C. Hindman, Argonne National Lab

2:50 Associational Effects of Tel­
raa.1.kylammonium Salts on Raman
Spectrum of Acetonitrile. H. S.
Gold, U of Delaware, J. E. Pemberton,
R. P. Buck

3:20 Resonance Raman Method
for ,Rapid Detection and Identifi­
cation of Bacteria in Water. W. F.
Howard, W. H. Nelson, J. Sperry, U
of Rhode Island

3:40 Rejection of Fluorescence
from Ultraviolet Resonance
Raman Spectra. T. H. Bushaw, T. L.
Gustafson, F. E. Lytle, R. S. Tobias,
Purdue U

4:00 AC-Coupled Inverse Raman
Spectroscopy: Improved Experi­
mental Design and Resonance
Enhancemenl. G. P. Ritz, J. P.
Haushalter, D. J. Wallan, M. D.
Morris, U of Michigan

4:20 Radiometric Correction of
Raman Spectra. F. Purcell, R.
Kaminski, Spex Industries

4:40 Use of Molecular Microprobe
for Analysis of Sulfur Compound.

in Coal and for Monitoring of P-N
Junctions. F. Adar. R. Grayzel, D.
Landon, Instruments SA

Trace Analysis

Wednesday Afternoon, Room 205
R. Nadalin. Presiding

1:30 Ultramicro-Ultratrace Ele­
ment Analyzer Based on Laser
Ablation and Selectively Excited
Radiation. H. W. Kwong. H. M.
Mt'8surrs. U or Toronto

1:50 Role of Sample Conwiners in
Gas Analysis. A. Pebler, \\'esting.
house

2:10 Total Sulfur in Hydrocarbons
by Oxidative Microeoulometry: 10
ppb to 10%. H. 1'. Moore. Envirotech.
P. Clinton. V. Barger

2:30 Acid Bomb Decomposition
Method for Isotope Dilution Spark
Source Mass Spectromctric Anal­
ysis. D. W. Koppenaal. R. G. Lett. F.
R. Brown, U.S. Dept. of Energy

2:50 Trace and Minor Elcmcnl
Analyses of Liquefaction Products
from West Virginia Coal. R. G. Lett.
R. R. DeSantis. J. W. Adkins. R. A.
Hahn. U.S. Dept. of Energy

3:20 Analysis of Metal Particu­
lates in Lubricating Oils by Plasma
Emission, Spark Emission, and
Atomic Absorption. W. E. Rhine, U
of DaVlOn Research Institute. P. S.
Fair. t. S. Saba. J. R. Brown. K. J.
Eisentraut

3:40 Determination of Total Or­
ganic Carbon (TOC) in Seawater
by UV -Promoted Persulfate Oxi­
dation. Y. Takahashi, Envirotech

4:00 Mierowa\'e-Plasma Chemi­
cal·lonization Source for Gas 1m·
purity Analysis by Mass Spec­
trometry. M. W. Siegel. Extranuclear
Labs

4:20 Total Nitrogen in Hydrocar­
bons by Automated Chemiluni­
nescence Detection System: 20 ppb
to 1%. J. M. Castro. R. T. Moore,
Envirotech

4:40 Ppb Sulfate Determination by
MECA-VAP. S. L. Bogdanski, A.
Townshend, I.S.A. Shakir, U of Bir·
mingham

Symposium: New
Instrumentation and Techniques
for Surface Analysis (ASTM
E-42)

Wednesday Afternoon, Room 239
T. L. Barr, Presiding

1:30 Noise Removal and Decon­
volution Techniques in X-Ray
Photoelectron Spectroscopy. F. J.
Grunthaner, Jet Propulsion Labs

2:00 New Developments in SIMS
lnatrumentation. C. A. McGee,
RCA/David Sarnoff Research Cen·
ter

2:30 Computer System for a
Multi-instrument Surface Analy­
sis Laboratnry. S. H. McFnrlnnc,
HCA/David Snmnff Hescarch Cen·
ter

3:30 Improvements in ISS Instru·
mentntion. T. Hush,:lM Co.

4:00 Sample Transfer Techniques
for Electrode Surface Analysis by
AUl{cr Elcctron Spcctroscopy. K
YncJ.:cr, Case·\Vcstcrn Heservc U

-1.:30 Position·Scnsith'c Detector
for Photoclectron Spectroscopy.
W. B. Dress. OHNL

Clinical Chemistry

\\'ednesday Afternoon. Hmull :\A
C. Coleman, Pr(':;)idinj.!

1::10 Determination of Urinary
Catecholnmincs by On-Column
Concentrntion Method. H. Nnka·
munl. T, Sug:imoto. i\.. Matsumoto. N.
Buba, '1'0\'0 Sodn Mnnllfnrtllring:
Cu. -

I :50 Development of Hndioimmu·
nonssuy Procedure for Procain·
amide: Production nnd Charac·
leri7.ation of a Specific Antibody.
P. Mojaeerinn, G. D. Chase. Phila·
delphia Colleg:c uf Phurmacy and
Science

2:10 Analysis of Therapeutic
Drugs and Metabolites in Physio­
logical Fluids and HPLC and a
New Centrifugally Based Extrac­
tor/Concentrator. H. C. Williams,
J. L. Viola. D. K. Igou, Du Pont

2:30 Determination of Lactate and
Lactic Dehydrollenase by Biam­
pcromctric Monilorinl{ of Hcxa­
eyanoferrate (II) in a Flowing
Stream. A. S. Attiyat. G. D. Chris­
tian, U of \\'nshing:tun

2:50 Multilevel Analysis of Vari­
ancc Uscd to Delcrminc Ccntrif·
ullal Analyzer System Precision. D.
M. Fnst, E. J. Snmpson, C. A. Burtis.
Center for Disease Control

3:20 Simultaneous Spectrophoto­
metric Estimation of Lactalc Dc·
hydrogenase Isoenzyme•. G. H.
Robinson, K. H. O'Keefe, Colorado
Slate U

3:40 Analysis of Neuroendocrine
Peptides by Heversed-Phase
High-Performance Liquid Chro­
matography (HPLC). J. A. Feld·
man, Duquesne U, M. I. Cohn, D.
Blair

4:00 Ionic Strength Effects of So­
dium Chloride on Michaelis Con­
stants of Soluble and Immobilized
Isoenzymes of Lactate Dehydro·
l(enasc. N. D. Danielson. Minmi U, C.
Potwr, V. O. Brandt. F. G. Gerherich,
D. W. Lowmnn. L. B. Hogers

4:20 Separntion and Quantiwtion
of Acetaminophen and Its Metab­
olit.. in Bile of Mice. L. T. Wong, L.
W. Whitehouse, G. Solomonruj, C. J.
Paul, Drug Hesearch LnbB
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NEW!
LECO' CS-144

SIMULTANEOUS CARBON/SULFUR
DETERMINATOR

More
Automatic

Simplified
Operation

Easy
Maintenance

The LECO' CS-144, a new concept in automatic instrumentation, deter­
mines carbon and sulfur in iron, steel, ferrous alloys and other metals.

CONTACT LECO TODAY!

• Automatic calibration
• Automatic weight compensation
• Automatic crucible loading
• Integral electronic balance & printer
• Integral diagnostic program

Control Console •LI'TO ('Ol{ I'OI{ATIO~ 3000 Lakevlow Avo. St. Je.eph, M149085, U.S.A. Phone: (616) 983·5531 - LECO·
OMlces Call1olOia (7141 957-8227 • Texas (713) 931·0000 • PUlsburgh (4121 776-4891 • Canada (416) 270·66tO







SULFUR IN PETROLEUM
PRODUCTS* IN 2 MINUTES...

APDhccote onlv 10 somples Wtl:"l a Dolling DOln1 COovc 177 C 1350 f Jane contclnlng nollCH Inan 0 05 pelcent sullur

with the l£CO' SC-32
• Accuracy:!: 2 percent of Sulfur content

• Microprocessor Technology

• Large Sample (up to 1gram)

• Integral Diagnostic Program
(lab technician can easily perform service)

• Solid State IR Detection (no standard solutions)

• Integral Electronic Balance

CONTACT LECO TODAY! '--"""",loOOIii~

I I ( () ( () I< I'()I{ \ I 11''\ 3000 Lakeview Ave. 51. Joseph, M1490B5, U,S.A. Phone: (616) 9B3·5531
ONlces Call1ornlO (714) 957-6227 • Telos 17131 93'-0000 • PllhDUlgh f412j 776·<:891 • CaliodO (t.lb) 270 0610



4:40 IlPLC Nucleotldc Analysill of
IIfnmmolian Blood. M. McKeog. P.
It Brown. U of Hhude 1.land

Infrared Spectroscopy I

Wcdncsdoy Aflernoon. Cluh H,",m B
.J. Kilton. /Jf(o.,.idinJ:

1:30 MicroproccHsor Control and
Dolo Transfer in Ncw tnfrored
Speclropholomcler.ll. F. Kydd, C.
V. Pt:rkins, Pye lJnicam

1:50 Oil Anolysis-Furlher Ap­
plications of Computerized In­
(rured Spcclroscopy. .J. P. Coalf!S,
Perkin-Elmer

2:10 Infrored Sludies in Solulion
with Aid of Computer Processing
Techniques.•1. P. Coates. Perkin·
EIIllN

2:30 Semiautomatic Multicompo­
ncnl Quantitative Analysis with
Infrored Flow Cell. .1. Hernnrd..J.
\\'. Mohar, R..J. Obremski. Beckman
Instruml'nL.,

2:50 Semiautomatic Standard
Addilion lIfelhod for Anolysis of
Peslicidc Formulolions. It J. Ob·
remski..J. Bernard, ,J. W. Mohor.
Beckman Instruments

Liquid Chromatography for Drug
and Clinical Analysis

Wednesdoy Aflernoon, Club Room B
3:20 Rapid lIfelbod for Delermi­

nolion of Selecled Itallucinogenic
Drugs via Posilive/Nel(alive ton
LC/MS. P. E. Kelley, It F. Skinner,
Finnigan Corp.

3:-10 .... Iuoromctric Determination
of Octopamine in Tissue Ilomogc­
nales by IIigh-Performance Liq­
uid Chromolol(rophy. I.. D. Mell,
.Jr.. Nu\'ul Medical HesE'nn:h Insti­
tutt'

·1:00 Analysis of Proprietory
Products by lIigh-Performance
Liquid Chromologruphy. M. A.
Carroll. J. E. Zart'IllUll, M. A. Wagner.
J. \V. Horodniuk. Smith Kline &
Frt'll('h Luhs

.a::!u Pre· and PostcoIUn10 Hene·
lions wilh FAST I.C Analyzer. D.
A. Burns. J. I. Fernund£>7.. J. H. GUilt,
A. L. Pietmntunio. 'I'rchnicon In­
dustrial Systems

4:40 214-nm Fixed \\'n\"elength
Deleelor-A New Aid for lhe
Clinical ond Induslriol Chemist. 13.
Amerit·a. P. Drland. L. l.cnzenhee.
1.lIhorfllory DittH Cuntrnl

Symposium: Use ot ICAP
Emission lor Environmental
Analysis

WodneNday Aflornoon, Roolll 235A
R. \V. Freedman. Prc.'.idiuR

1:30 ICAP Analysis of Environ­
menIal Samplca-Succeuea and
Failures. F. N. Abercnmbie. D. J.
KOllp, H. B. Cruz. Barringer Re·
search

2:15 Inducli\"ely Coupled Plaama
Atomic Emission SpectrolCoPY­
Queslions Oflen Asked and Their
Answer•. V. A. Fassel, Iowa Stale
U

~:20 Proclical Applicalion of
ICAP 10 Environmenlal Analysis.
C. D. Carr, Applied Research Labs

,1:10 Analylieal Aspcclli of ICAP in
Woler Quolily Conlrol. A. F. Ward.
.Jarrell-Ash

Environmental Analysls­
General

Wednesday Aflernoon, Room 235B
.J. P. McKuveney. Presidin!J

1:30 Determination of Tracer
Compounds by Liquid Scintillation
Counting After Preparation of
Samples by Oxidalion of Hosl
1\I01rix. J. E. Calon. ORNL. M. P.
Maskarinec, G. M. Henderson. R. W.
Harwy, M. R. Guerin. Z. K. Barnes

1:50 Some Limitations in Deter·
minnlion of Labile Species by An­
odic Slrippinl( Vollammelry. P. M.
Figura. B. McDuffie. Stale U of New
York at Hint::hamlon

2:10 Time-Resoh'ed Soh'ent
Lenching for Surface Characler­
izalion of Particles. M.D.M. Tucker.
U oi Illinois. D.F.S. NalUsch

2:30 GC-l\IS Analysis of Volalile
Organics from Atmospheres 1m·
pocled by Amoco Cadiz Oil Spill B.
.1. D""1y,J. W. Brown. F. N. Slone.J.
l.nke. ,I. L. l.aseter, U of New Or·
Ipuns

2:50 Dctcrmination of Several
Polyaromnlie Hydrocarbons at
Selecled Siles in Texas. J. L.
Lindgren. Texas Air Control Board,
H. J. Krauss. M. A. Fox

3:20 Determination of Polyaro·
molie Hydrocarbons NOI Collected
by Parliculale Filler !\Iedia. J. L.
I:ind~r('n. Texas Air Control Board.
H..I. Krnuss. M. A. Fox

3:40 Porliol Chemical Spccialion
T('choiqucs for Aquatic Humic
!\IelJll Complexes. D. S. Chose, J. D.
In~le. ,Ir.. Orcgon Slnle U

4:00 Delerminalion of Fl)' Ash in
Uiologicol Tissue from Animals
Exposed 10 Coal Combustion Fly
Ash. S. H. Weissman. L. C. Grims. R.
F. Henderson. Lovelace Biomedical
unci Environmental H('sellfch Insti­
tute

4:20 Delerminnlion of Tolal N­
Nilrosnmines in CUlling Oils. R. D.
Cox, C. W. Frtlnk, U of Iowa

4:40 Delerminalion of Nilrate and
Nilrite 01 lhe ParIs per Billion
Level. R. D. Cox, U of Iowa

1979 Awards Symposiumw__,_~_

_ l._. 1979C<>n1<wonoa_

1:3o-~",
1878 Plttaburgh Spec:troecopJ

Award
by

R_Olwycld
Chairrnat\. Spectr05C<lPY Soclely

01 Pitt$bu's;.
to

John s. Waugh
Massachusetts Inslrtute of Technology

A.ardAddr..
Nonl....... NMR: The Spectroscopist as

Ak:/'oemi$l

2:30-Pr_tIon of the
1979 Plltsburgh ApplIed

Analytical ChemIaIry Award
by

Robert ••a-"
Cha~rnat\, Society fo< Analytk.lJ

Chemists 01 Pitt$bu's;.
to

Ibl'ftnA F.,_
MOOil Research and~ Corp.

Award_
Fractionation and Struellr.IJ

Chalaeterization 01 Coal~

3:30-Pr_tIon of the
1979 Maurie. F. H_ Award

by
Herbert L Retcolsky

President. 1979 Prttsbu"gI\ Conference
10

John H. 1Iey.-
Univ....sity College of Swansea. Wales

AwardAddr...
Thir1y Years 01 Mass Spectrometry

Gas Chromatography-Aids

\Vednesday Afternoon. Ball Room
A. Bartoli. Presiding

1:30 Adyances in Measurement
nnd Control of Carrier GaL R.
Nalepa. Hewlell-Packard

1:50 New Compact Hydrogen
Storage Source for Gas Chroma­
logrnphy. E. J. Serf...... Sercon
Corp.

2:10 Nickel Tuhing for Gao Chro­
matography. S. L. McKinley. S. Ra­
mnchandran. R. S. Henly, Applied
Science Labs

2:30 Use of PrecotWDDI for Ana­
lyzing Surfactant Mixtures via
Gas Cbromalogrnphy. E. W.
Ciurcznk. Henkel, Inc.. J. J. Robin·
son

2:50 The (r. Q) Malrix-A Tool for
!\Ianipulation of Chromatographic:
Pallern•• Parts I and 2. S. M.
McCown, Environmental Science and
Engineering, H. H. Land lit. D. R.
Pitzer, C. M. Ernest

3:20 ChiraJ Stalionary Phase tor
GC Capillary Work. S. Ramachan-
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Program

dran, R. S. Henly, W. C. Kossa. S. L.
McKinley, Applied Science Labs

3:40 New Synthetic Support for
Gas Chromatogrnphy-Volaspher.
M. Gurkin, R. Fischer, MCIB

4:00 Deactivation of Glass Capil­
lary Columns by Acid Leaching. M.
L. Lee. Brigham Young U. H. W.
Wright. L. V. Phillips, D. M. Hercules.
G. R. Conner

4:20 New, Low-Cost, Inter-
changeable Injector for Usc with
Packed and Capillary Columns. F.
J. Yang, R. L. Howe, E. Freitas. S. P.
Cram, Varian

4:40 New Retention Indcx for
PAH in Temperature-Pro­
grammed Glass Capillary Gas
Chromatography. D. L. Vassilaros.
Brigham Young U, M. L. Lee. C. M.
White, M. V. Novotny

Laboratory Automation

Wednesday Afternoon, Music Hall
J. J. McGovern, Presiding

1:30 Discontinuous Feedback
Control in Laboratory Automa­
tion. L. Luft, Luft Instruments

I:50 Thermometric Titration
System Using Automatic Digital
Endpoint Indicator. P. Sadtier,
Sanda, T. Sadtler, V. Davar, D.
Stutts

2:10 Applications of Thermomet­
ric Titrimetry to Study of Cata­
lysts. P. Sadtier, Sanda, T. Sad tier, D.
Stutts

2:30 Automation of Percent Non­
volatiles Analysis. P. W. Fletcher,
PPG Industries

2:50 Results of Interlaboratory
Cooperative Test on Total Sulfur
in Liquid Hydrocarbons. C. L.
Kimbell, L. J. Drobnit<:h, Houston
Atlas

3:20 Microprocessor-Controlled
Laboratory Octane Analyzer. L. J.
Rogers, Foxboro/Areas

3:40 Automated Solid-Liquid Ex­
traction, R. W. Arndt, Mettler In­
strumente

4:00 SASDRk Dissolution Tool of
the Future, J. 1. Fernandez, M. Sohn,
Technicon Industrial Systems

4:20 Inexpensive System for Rapid
Precise Slurry Sampling. J. F.
Brown, H. T. Slover, USDA

4:40 Application of Two Mecba­
nized Methods for Decomposition
of Organic Materials to Trace
Analysis. G. Knapl>, Technical U
Graz, H. Gstrein, W. Wegscheider, B.
Schreiber

Thursday, March 8

Fluorescence-Luminescence

Thursday Morning, Room 240
L. J. Cline Love, Presiding

8:30 The Model 650-40-A New
Microprocessor-Controlled Fluo­
rescence Spectrophotometer.•J. L.
DiCesare, Pcrkin·Elmcr

8:50 Analysis of Synfuel Wuste­
watcr by Second-Derivative Syn­
chronous Luminescence Spec­
troscopy. T. Vo·Dinh, R. B. Gnm­
mage, A. R. Hnwthurne. ORN!.

9:10 Dcri"uLh'c Techniques Used
with Fluorescence Applications. D.
A. Terhaar. J. L. DiCesare. Perkin­
Elmer

9:30 Several Techniques for Sen­
sitivity Enhancement in Fluorcs­
cenc!' Spectrophotometry. T.
Nogami. G. Baba.I\:. Fukuda. T. Ha·
rada, Hitnchi. Ltd.

9:50 New Routine. Quantum­
Corrected Fluorescence Spec­
trometer. A.T.R. Williams. Perkin­
Elmer

10:20 Design and Application of
Intensified Diode Array System to
Luminescence l\lcasuremcnts. l\'t.
A. Ryan. J. D. Ingle. Jr .. Ore~on Stnte
U

10:40 Fluorescence Buckground
Discrimination by Prcbleaching.
T. Hirschfeld, Block Engineering

11:00 Measurement of Phospho­
rescence by Fluorescence Echoes.
T. Hirschfeld, Block EngineerinJ!

11:20 Timc-Resolved Spectroscopy.
F. Purcell, R. Kaminski. Spex Indus­
tries

11:40 Measurement of Instrument
Sensitivity of a Fluorescence
Spectrophotometer. T ..I. Porro. D.
A. Terhaar, Perkin-Elmer

Electroanalylical Chemistry

Thursday Morning, HnOln 205
R. T. Oliver, Presiding

8:30 Analysis of Cyanide Plating
Baths by Differential Pulse Po­
larography. W. M. Petersun, F. J.
Muscolino. EG&G Princeton Applied
Research Corp.

8:50 Speciation of Arsenic(lIJ),
Arselllc(V), Monomethylarsonic
Acid, and Dimethylarsinic Acid by
Differential Pulse Polarog-raphy.
G' T. Henry, T. M. Thorpe, Miami

9:10 Recent Advances in the Vol­
tammetry of Thiophencs. A. Hob·
hat, .J.•Jordan, Pennsylvania State
U

9:30 Electrochemical Detection of
Mercury. D. D. Nygaard, Bates Col­
lege

9:50 Potentiometric Stripping
Analysis-New Method for De­
termination of Some Heavy Met­
als. D..Iagner, Chalmers U ufTech­
nulogy and U of Guthenhurg

10:20 Cumulative Coulog-raphic
Titrimetry. S. B. Pierce, S. T. Hiro­
,.awa, BASF Wyandotte Corp.

10:40 Advances in Ion-Selective
Electrode Technology, J. Driscoll,

E. Atwnod, J. Fowler, H NU Sys­
tellls

11:00 Extension of lon-Selcetive
Electrode Methodology by Opti­
mizution of the Solvent. J. F. Cnet·
7.N" W. 1\. l~tOlll'. M. \V. Martin. U uf
Pitt~hllq.:h

11:20 Novel Micrueomlluter-Bused
Potentiometric Analysis System. C.
It Mnrtin. H. Frriser. U of Arizolla

11:~O New Li'IUid Membrune
Electrode Sensili\'e lind Selective
for Sirychnine. S.S.M. Hn~sl1n, M.
B. EIJ'-uyl':-'. Aill Shaml'i U

Analysis 01 Oil and Other
Organic Pollutants

Thursduy Morning. Room ~:m

A. P. Bl·l1tz.I'r('...idill~
~:30 Artificiul Oil Weathering
Techniques. C. P. :\ndl'r~nn. U of
COIlIll'l·ticliL T ..J. )\illcC'n ..J. B. Tuft.
A. P. Bcntz

8:50 Interlaboratory Comparison
of Environmental Analyses Asso­
cialed with Increased EnerJty
Production. F. it Guenther, H. S.
Hertz, I.. Il. Hilpert, W. E. Mil)', S. A.
Wise..1. ~1. Brown, S. N. Chesler,
NBS

9:10 Lnscr-Exeited Mutrix-Isola­
tion l\1oleculnr Fluorescence
Spectrometry of Polycyclic Or­
g-anic Compounds. E. I.. Wehry, B.
U. Dickinson. Jr .. R. H. Gore, U of
"enncs~ee

9:30 Investigation of Usc of Mo­
Icculur Fluorescence for Identifi­
calion of Hal..ardous l\laterials. I..
P. Giering:..1. T. Arownrigg:, Baird
Corp.

10:00 GPC Enrichment and Carbon
Chromato~raphicFractionation of
Hydrocarbons lind Other Envi­
ronmental Contaminants. J. D.
!'etty. D. I.. Stalling. I.. M. Smith,
CtJlumhin Nat iOllal Fisheries Re­
search Lah

10:20 Problems with Chemicul
Analysis of Marine Sediments. F.
E. Franklin, ,J. Borges. V. Dunning, C.
\Y. Bruwn, U of Hhode Island

10:·10 Facile Method for Determi­
nation of Trace (Suh-Jlpm) Ifexa­
mcthylcnedinminc in \Voter. J.
Hl.Jnrahnn. Allied Chemical

11:00 Detection and Determination
of Aeelohydruxnmie Acid in In­
dustrial Wastewater. D. Hichton.
Ailied Chemical

11:20 Infrared Spectrophotometric
Detcrminntion of Ncopentylester
LubricutinJ: Oils in Witter. (;. ,.1.
Gottfried,Hiuspherics, T. S. Yu, D. G.
Shaheen

Infrared Spectroscopy II

Thursday Morning, Bourn :IA
,J. F. Jackovitz, fJrt!."iidillR
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EVERYBODY LAUGHED WHEN
HE INVENTED THE SPECTRA..SEAL

~ ALIJMINVM CYLINDER.
Back in 1973, tevl;: Wechter had a problem
at Airco' Riverton plant. It seems hi gases
were reacting with the teel walls of the cylin­
ders they were tored in. and were changing in
compo ition and purity.

teve decided to solve the problem.
With a lot of time and effort. he eventually
came up with a better cylinder-an aluminum
cylinder that eliminated reaction between gas
mixtur . and cylinder wall. And weighed I
to hip. He called it the Airco pcctra-SeaIT~

aluminum cylinder.
When Airco introduced pectra-Seal

cylinde in 1974. our competitors all laughed.
They said there was nothing wrong with
the g(xxl old tandard steel cylinders.

But they're not laughing any
more. The uperior performance f
the pcctra- al aluminum cylinder
has been te ted and proved with time.
And now others have tarted offering
imitation ofour pectra- al
aluminum cylinders.

0\ teve i laughing
becau they hav n't been able
to duplicate hi invention.
The aluminum urface inside

our cylinders is enhanced by an anodizing
proc . Then, a second proprietary proc
further improv the inside surface, eliminat
pinhole coating por ity and hields the wall
from reactive gases.

Which is why, when you use Airco
pectra-Seal aluminum cylinders, the gas

inside i exactly what we certify it to be. And
it tay that way for years. (More than five
years now, and we have the data to prove it.)
Looks like teve got the last laugh.

So if you have problems with gas tan­
dards that aren't tandard, or pure gases that
aren't so pure, give us a call. We're happy to.

har our knowledoe, experience,
facilities-and even teve Wechter­
with you any time you like.

Call any of our offices
listed below. Or write Airco
Industrial Gases, pecialty Gases
and Equipment Depamnent,

575 Mountain Ave., Murray Hill,
ew Jersey 7974~nGO

~Gases

WEHAVETIfE
soumOt BER>RE
HAVE TIfE PROBlEMS.
ellOE 7 ON RfAll9 SRVICf CAlD



Take
three giant steps

to
finer results.
Fisher is showing all three at the

Pittsburgh Conference - and more.

More accurate titrations. Greater automation than
ever, too. It's our unique new titration "supercontrol."
Shown below in the multi-sample Fisher Titralyzer~ II.
Its official name is Titrate Demand Module and it
automatically varies titrant delivery rate for optimal
results. The big news is that it's based entirely on the
chemistry of each sample. Totally independent of all
other experimental variables, this endpoint-seeking
module (patent pending) actually determines your

endpoint for you - whatever the sample. Ideal for
automating your difficult tests.
CIRCLE 241 ON READER SERVICE CARD
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Plus...

More consiatent HPLC. When you adopI
FISher CertJfied HPLC-grade solvents.
Bonle 10 bonle. 101 to lot. !hey assure
conSistent resufts. Produced in one of the
'nclustry's most modem lacilities devol8d
exdu$ivety to reagents. and submicron­
fillered 10 protect yoUl' columns and
pumps. (walch lor a lorthcoming addition:
our HPLC-gtade water with lowest re­
sidual orgatlOCS ......!) .

CIRCLE 2A6 ON READER $ERVICE CARD

Mora roproduclble oullura. P8lenIed
amperometric blration f8C!v1ique - ape­
eifie lor suK.... unaffected by nilrogen
oxides and chlorides - keeps F_
SuKur Analyzer outslanding in its field.
Results In Ofo and ppm, with ::.3%~
racy. ,2% reproducibility and r_alabiI-

~;;'h~=~~~'
ance furnace.
CIRCLE 2.44 ON READER SERVICE CARD

Higher-capac:lty cIearHIps. Three
Fosher Chemical Clean-Up Kits effiOently.
econonueally control acid. caus1ic. and
llammable solvent spills. Each a scientifi­
caDy lormulaled package with up 10 five
limes more abso<plive capacity Ihan Olher
preparations.
CtRCLE 245 ON REAOER SERVICE CARD

Speedier spectropho­
tometry. You have to see
it to believe it. New Fisher
Spectromatic™ discrete
analyzer reduces routine
operation to the simplest
procedure to date - with­
out impairing the flexibility
needed for research. Note

the special concentration controls for
faster setups and pushbutton ac. Com­
pact system includes microprocessor,
advanced peristaltic pump, Peltier
thermoelectric microflow-cell (most pre­
cise temperature control available), and
versatile spectrophotometer equally at
home in industrial, biochemical and clini­
cal labs. Surprisingly low priced.
CIRClE 241 ON READER SERVICE CARD

More automated
specific-ions. Dramatically
new Accumet'Oj) 750 pH/ion
meter makes pH and
specific-ion determinations
easier than ever. Just enter
data on convenient
keyboard. Microprocessor
does all calculations for

you. There's high-speed, totally automatic
standardization. And no temperature re­
strictions. Read pH, mV, concentration
(ppm, moles/liter, mg/liter, whatever) on
big bold 5-digit LED display. Temperature
too - either continuously or (via pushbut­
ton) in the midst of any other operation.
CIRCLE 2U ON READER SERVICE CARD

More economicel welglllnga. Now !here
are 819M FISher/A;nsworth _ top­
loaders 10 serve you. Each a budget.
priced product 01 American design and
lechnology - providing lhe most balance
per dollar. Models lor 50. 200. 300. 1000.
200Dg. including advanced micropro­
cesso< versions. Plus a compad BCD-­
coupled printinglbaJance. And our unique
banery-pack portable tor lleId use.
CIRClE 247 ON READER "5ERVICE CARD

For. brighter !ell. Only FISher brings
you lull-performance pH in such morale-

=~t~~~=~':~
Incomparable precision. aceuracy and
depenclabitity. And whal a pIeasu(e)O look
al! Frve dean crisp colors: red. orange.
yellow. blue. green.
CIRCLE 248 ON READER SERVICE CARD
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Program

8:30 Fourier Transform Infrared
Spectroscopy' Applied to Inorganic
Compound Determination. H. M.
Gendreau. Battelle Columbus. W. M.
Henry. R. J. Jakobsen. K. Knapp

8:50 Predicting Pcr(ormaucc of
Medium and Low-Resolution In­
frared Spectrometers and Ana­
Jyzers. C. W. Brown. 1I of Rhode
Island. P. F. LY11ch. M. A. Maris. D. S.
La\'ery

9:10 Dealing witb Effects of Low
Resolution on ~Iulticomponcnt

Infrared Analysis. D. S. Laver\'.
Con~ultant in Annh-tical Chemistr'·.
C. W. Brown. P. F. Lynch .

9:30 Spectroscopic Invcstigation
witb Rotating Cryostat. ,I. A. De·
haseth. G. Mamanto\'. U of Tennl's­
see

9:50 On an Interactive. Com·
pulcr·Dispcrsi\,c Spectrometer
System for Infrared Spectroscopy.
Application to Dilute Solution
Studies. M. Balk. W. Ed~ell. Purdue
U

10:20 Spectroscopic Invcstigations
of Monosubstituted Acetic Acids.
W. J. Ray, Miami U. J. E. Katon. P. S.
Crause

10:~0 Melhyl Rotations in Solid
Nitromethane. S. F. Tre,·ino. NBS

11 :00 Computerized Dispersive
Infrared Spectroscopic Studies of
Solute-Soh'cnt Interactions in
Paint Syslems. A. Muller. PPC; In·
dustries

11:20 Analysis of Polymcr Additivcs
by Infrared Spectroscopy wilh
Computerized Techniques. E. G.
Bartick. R. W. Hannah. Perkin·
Elmer

II:~O Applications of New Infrared
Spectrophotomt"lcr with Micro·
processor Control. I. A. Steer. R.C.J.
Osland. Pye Unicam

Preparative Liquid
Chromatography

Thursday Morning, Club Room B
S. Schmidl. PresidinG

8:30 Preparation, Optimi7.ation,
and Application of Reversed
Phases in Preparative HPLC. How
to Optimi7.c a Chemical Synthesis
Process. J. MontasLier, Jobin Yvon,
S. Cacchi. F. Gasparrini, D. Misiti. L.
Charles. J. Giglio. L. Caglioti

8:50 High-Performance Prepar­
ative Liquid Cbromatography. G.
Dallas, A. C. Hayman, Du P"nt

9:JO Super Prep Separations­
Prep LC of Samples in 85-400-g
Range on ISA Chrornatospac Prep
100. M. Woodman, G. D. Searle•.J. M.
Giglio

9:30 Concentration, Purification,
and Analysis Using High-Effi­
ciency Semipreparative HPLC. F.
M. Rabel, D. J. Popovich, C. J. Lan­
casler, G. J. Kusha, Whalman, Inc.

9:50 New UV Detector for Pre­
parative LC. ,I. M. Miller. Drew U, Il.
Slrus?

Sampling Systems: HPLC

Thursday l\1ornin~,CillO Hntllll H
10:20 New Sumplt" Inkction Vnln'

for HPLC. G. Hewett. N.H.l'. C,..ke.
r. Shacklrfnrd. Allt'x Sl'il'ntifir

10:~0 Modified Sample Injector for
Impro"ed Efndency in High­
Performunc(' Liquid Chromuto~­

raphy. T. Nnrri~. (;.,1. .Jordon. S.(;.":.
:'l'irntifk Ply. l.1Ci.

11:00 Individual Sample ProJ(ram­
mer for Liquid (,hromuto~rnphy.

It \\". Camp. i\linolllNilics In:-:tru­
l11el\l Cnrp.

11:20 Sampling Syslem for Analysis
of Samplt"s in Superl'ritil'nl Gases
by High-Performance Liquid
Chromatography_ T. :'\l.rri~. (; ..1.
.Jtlrdoll. S.c;.E. ~fi('ntifi{' PlY. I.td.

Inductively Coupled Plasma
Spectroscopy

Thursday Mornin.:, HOtllll :!;~;)A

A. \\'. \'nrnel'./Jr......idin}!
8:30 Usc of Jnduetively Coupled
Plasma (lCP) Emission Spec­
trometr\" for Houtine ~tultiele­

ment A";alyses on Variety of Sam·
pie ~Iatriccs.B. lI·inch. (;. Irah;!. J.
GiE'J!('fieh. Haltcch Scientific Ser·
vicE':';

8:50 Excit.ation Temperatures and
lon/Atom Line Intensities in the
ICP. A. Ireiss. G. M. Hieftje.lndiana
U

9:10 Modular Analytical Data
ManaJtement and Acquisition
Syslem for Usc with ICAP Direct
Reader. H. B. My,",s. A. F. lI'ard.
.Jarrell·Ash

9:30 Sample Introduclion into
ICAP-Comparison of Available
Methods. A. F. lI'ard. C. C. lI'ohlers.
Jarrell-Ash

9:50 Evaluation Study of a Ba­
bington-Type Nebulizer with In­
duction Coupled Plasma Spec·
tromcter. H. K Taylor..1. H. Gar·
harinu, U.S. G<.-ologiral Survey

10:20 Simple Nebulizer for Induc­
lively Coupled Plasma Source. J. F.
Wolcott. Sandia I.ahs. C. S. Butler

10:,10 Nebuli7.crs for ICPOES and
AAS: Aerosol Characteri7.ation..J.
\\'. Novak, B. F. Browner, Geurgia
Inst itute of Technulu~y

II :00 Laser Vaporil.ation Samplin.:
System for Inductively Coupled
Plasma Emission Spectroscopy..J.
Carr. E. D. Salin. (;. Horliek. U of
Alherta

11:20 Direct Sample Insertion
Torch for Inductively Coupled
Plasma Emission Speclroscopy. E.
D. Salin, G. Horlick. U of Alherta

It :~() Erfect of Concomitant Species
upon Annlytc Si~nnl Obser\'cd
from Modern ICAI' Direct Ilelld­
in~ Spl'ctromeh'r. A. F. \Vnrd. H. B.
t\1y{'rs ..lnrrt·lI·Al'h

Symposium: New Techniques
on the Horizon

Thursduy Mornin~. HIIUIll :!:':-.B
:\. (;. :-;hnrkl'Y..Ir.. J',,·.\idill.a:

S::W He{'ent Advances in Field
Ucsorption Mass Spl..'Ctrom('try. H.
H.Sdlllltl'l1.lIofBolll1

9:15 Advunct's in ('ullillury GC. M.
Non.tny.lndinnlll!

10:20 New ))cv('lopmcnt in Solid
SIHh~ N M H. A. Pim':., U of Cnlifllr·
nin

11:0.1 EIN.·tron Impact Excitation of
Ions from Organics (EIEIO).Il. S.
Frf'i~l·r. Purdut'. l'

11:30 J)('v('lopmcnt of Instrun1{'nt
for Continuous, Automated. and
Low·Cost :\tonilorint:" of Or.:unic
LoadinJ: in '''ater. \\' ..1. ('IHlper.
ll.~. Army

Symposium: Biomedical
Aspects

Thursday ~torninf:. I.ittle Tlwuh'r
.1. :\. Feldman and H. M. \\·indisch.
I"".\iding

S::lO Analysis of Nostrums and
QUllck Ilcmedies. D. lIanes. U.S.
l'harmUr(lpeia

9:15 Impllct of IlPLC un Biomedi­
cal Hesearch and Clinical Chem·
istry. P. It Urown, U of Hhodl'
Island

10:20 IlDL Chulesterol and Hisk uf
Coronary lIeart Disease. W. P.
Castf.'lIi, FramillJ.:hllm Heart Study
and Hnr\'aru Ml'<li('ul School

11:00 Developments in Forensic
Analysis of I>ruf.:'s. H. I.. \Villiums.
M<:tropolit:m Polin' (Scotland Yardl
Forcl1!'.ic Science I.ah

Gas Chromatography­
Ancillary Techniques

Thursday Mornin~,Bull Hoolll
D. P. Mal1klt. Pn'siditl~

X::IO Capillary Culumn GCI
!ltS-lnstrumentatiun nnd Appli­
cations. \V. A. \Vu)stcnhulme, U.
Happ. C;. I>il:lmunn. H. l(uufmlllll1,
Vuriun

X:50 DlIlu Heduclion for GC/MS
AnalytiCS of Wnter nnd Water Ex·
tructs for EPA's Priority Poilu­
tunts..J. M. Ilornholl~h. NUS Corp.

9:10 nclection of Ncurolrnmimit­
ter Melabolites in Iluman CSF by
Nel(lItive Ion GC/MS, Q. V. Thorn·
us,.1. \V. HlI~i;('II. Fillnit-:nll Corp.
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Tho R&D lAboratory
consosts 01 both
irWlouseand
COI1s...:rtlr,g groups to-r
doMllopment 01
hardware. ana tor
anaJ.,.·!lCal prOJects
rang. ng fr 001 en1lSSJOO
surveys from pov.-er
ofants and sr:1elters to
tne effe:::trveness of
eAlstmg lechnJQues
lor controlling tne
en\, Ironmenl
Telephone or
lette._requesl
only.pl....

ENVIRONMENTAL SCIENCES ASSOCiATES, INI~

45 Wiggim A>enue. 8edIofrJ. MA 01130
Telex: 923344 Tel: '6171 27~100

See us at the
Plnsburgh Conference
Booth .702-704.

Sampling Kits tor oblanng. handIong. st>ppong.
and Slonng blood or """" booIogocais. Clccle No. i\

Fast Exchange Reagents lIlat obsolete preparalMl ehemIslry lor
lead ,n Iood. water. blood, unn8 .... and """" trace substances In
dllterent matnees. Circle No. 72

Flow cells and sensors for oonbnuous or batell measu-ement
and monllonng 01 ehemIeaI and .ndustnaI
processes. eaptunng and elHn,nabng
undesorabielngredlenlS.
and other uses. Circle No. 73

t ••••••• 0 0 ~ ..

-:-: .. .. ) ') : ~~
Model 3010
Trace Metall Analyzer.
Measures up to 200 mfC;fO or
macro samples dally al 90 sec·
onds or less per sampie USIng a
raptd excnange reagent. Cosl
per sample: about one-th,rd thai
of convenoonal methods Exce4·
tenl accuracy and preoSKWl al
the nanogram level.Circle No. 65

Model 4000
loP Hematotluorometer.
Oelerm.oes the amount olznc
proloporphrJl"l In wtIole blOOd
Wlthout sample preoarahon

~ ~~~I~[f~:~~r:OI 01
HEW lor lead II1tOluCc111OO
and or Iron deficiency anem.a
Technique OSHA S
approved and requ"ed ,,-..:-'"
Circle No. 66 0~"'"

~s~
:-.."

-.\",\Cl"

t>-..:-t>-'-

Screening Labor.tortes 'Of screening of
children and InduSlnal personnef for blood and unne
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9:30 Gas Chromatographic Frac­
tionation of Isotope Species in
Carbon Monoxide. J. C. Fel1.cr. P. A.
Bloxham. L. B. Rogers. U of Geor·
gia

9:50 Evaluation of Analytical Pa­
rameters for High-Sensith'ity Se­
lected Ion Monitoring (SIM) in
GC/I\IS. E. M. Chait. Du Pont

10:20 Application of Capillary
Column GC/MS to Water Pollu­
tant Analysis. E. M. Chait, T. A.
Blazer, Du Pont

10:40 Gunpowder Analysis by Gas
Chromatography/Chemical Ion­
ization Mass Spectrometry. J. J.
Chera, D. R. Hardy, FBI

11:00 Usc of Glass Capillar)' Col­
umns in Pyrol)-'sis Gas Chroma­
tography. C. A. Jacques. S. L. Mor·
gan, U of South Carolina

11:20 New Developments and Ex­
tended Performance of CIRA 101
GC/IR Analyzer. A. Varano. R. H.
Shaps. Sadtler Research Labs

11:40 Countercurrent Distribution
as Purification Method Prior to
Glass Capillary Chromatography
in Organic Residue Analysis. L.
Vallner. Inslitut fur Okologische
Chemie

Computer Applications I:
Microprocessors

Thursday Morning, Music Hall
H. Schullz. Presiding

8:30 Microprocessor-Controlled
Readout System for Photomulti­
plier Tubes. G. Horlick. M. L.
Blades, U of Alberta

8:50 The ftficrocomputcr as an
Intelligent Interface Between
Laboratory Instruments and Data
Systems: Automating Data Col­
lection from a Grain Analyzer. R.
D. Plattner, R. O. Butterfield. T. D.
Simpson, USDA

9:10 Microcomputer System for
Automation of Industrial R&D
Laboratory Instrumentation. M. E.
Koehler, T. F. Niemann, T. Provder,
Glidden

9:30 Minicomputcr·Microcompu·
ter System for Laboratory Auto­
mation. T. F. Niemann. M. E.
Koehler. T. Provder. Glidden

9:50 Microcomputer Data Acqui­
sition and Analysis System for
X-Ray Diffraction and Fluores­
cence. T. J.. Starr, General J:o:lcctric

10:20 Dual 6002 Microprocessor
System for Interactive Data Ac­
quisition. M. E. Hughes, T. S. Wasco,
J. L. Fasching, U of Rhode Island

10:40 Standard Interface Card
Lines Implementing Standardized
Microcomputer Cards Can Save
Your Facility. M. D. Maples. M&E
Associates

11:00 Comparison of 8080, 8085, and
6502 Single-Board Microprocessor
System for Laboratory Data Ac-

quisition. G. Horlick. E. D. Salin. M.
L. Blades, U of Alherta

11:20 LAB-PET. G. Horlick. E. D.
Salin. U of A1bertn

11:40 Integrated Microcomputer
Svstem for Rnpid Scanning Spec­
trophotometer. A. O. Wi,t. F. W.
Hllwkridg<,. Virginia C'ommoll\\'calt.h
U

Luminescence Applicalions

Thursday Afternoon, Hoo!1l :!-IO
F. E. Lytlr. Prt~sid;,,~

1:30 E\'Uluation of Emit 1I0mol:e­
ncous Enzyme Immunoussuys on
P"e Unieam SP6 Spectrophotom­
eter. G. \V. Mvody. Pye llnirmn

1:.10 Fluorescence of Methoxy­
Substituted 8enzoic Acids. G. H.
Schenk. l. Khasnwl1eh. \\'8\'I1C StateU .

2:10 Trace Cobalt Determination
"ia Pyrogallol and Lophine
Chemiluminescence. J. D. Ingle. Jr..
R. ~Iiller. D. Marino, Oregon Stale
U

2:30 Fluoromctric Reaction Rale
Method for Determination of
Thiamine. M. A. Ryan. J. D. Ingle,
Jr .. Oregon State U

2:50 Fluoromctric and Photomet­
ric Determination of Titanium. J.
J. Topping, Towson Stale U

3:20 Characterization of Weak
Emission from Aromatic Carbonyl
Compounds. T. G. Mntthews. F. E.
Lytle, Purdue U

3:40 Analytical Applications of
l\liccllar Systems in Luminescence
Spectrometry. J. Habarta, L. J. Cline
Love. Seton Hall U

4:00 Analytical Aspects of Two­
Photon Excitation Spectra. M. J.
\Virth, U of Wisconsin

General Analysis

Thursday Afternoon. Room 205
.J. P. Ause~t Presiding

1:30 Quality Control/Quality As­
surance in the Analytical Labors·
tory. W. F. Gutknecht. Hesearch
Triangle Instil ute

1:.10 Potential Error in Single­
Point Ratio Calculations Based on
Linear Calibration Curves with a
Significant Intercept. M..J. Car·
done, Norwich-Eaton Pharmaccuti·
cals, P . •J. Palermo. L. ll. Syhrandt

2:10 Particle Size Independent
Analyses of Wear Metals in Syn­
thetic Lubricating Oils. .J. Brown,
U of Dayton Research Institute, W.
Rhine. C. Saha. K.,J. Eisentraul

2:30 SKF Hi/lh-Precision Stnn­
dard Samples for Determination of
Oxygen, Nitrogen, Carbon, and
Sulfur in Steel. G.•Johansson, Ana·
Iytica AB

2:00 On the Usc or Minimal
Spnnnin~Trccs in Oil CIIl,,~iricu·

tion..1. C. MncDonald. E. llrelle!.
Fnirfield U

3:20 Pnrticle Size Anlllvsis of En­
gine Oils..1. A. Bierlcill, ic.1. Eisen­
trllul.. Air Fnr('c Mnt<'finl!-1 Luh

3:40 Multidimensionnl Pourbnix
Diuttrams: New Thermodynnmic
Guide to Analyticnl Uesourcc Oe·
,·clopmcnt. D. Stutts, .1. .Iordnn.
Pcnnsyl\'nnin St.ntt' U

-1:00 Exuminution of Spectromct·
ric AnnlY7..nbility of Suspended
Metlll Pnrtieulntcs. 1\. Sc!wller..1.
A. Bicrlrill. Air Forfc Mnterillis Lilli

.1:20 Ampcrometric Detcrminution
of Polyols lJtilizinl( Flow Injection
Methodolol:Y. I\. G. Schick. C'. O.
HuhN. 1I of \Visconsil1

4:40 New Real:ent for Methylntion
Barbiturates. S. Rnmnchal1ornn, D.
K. McCrrnr~·. \V. C. l'osslI. H. H.
Kurtz. It S. H('nl~·. Applit'd Srit'nCt'
l.llhs

Biochemical Analysis

Thursday Afternoon. HIHHn :!:~S1

A. Liottll. Pfl, ... iditlJ.:
1:30 Qunntitntion of Substrate
Using Immobilized Coenzyme­
Dependcnt Oxidoreductase En·
zymes. A. K. Clwl), U of Pittsbllr~h.

N. J. Szulllinsky. C. C. Liu..1. G.
Schiller

1:50 New Support for Extraction
of Lipophilic Substances-Extre­
lut. M. Gllrkin, Il. Fischer. MCIB

2:10 Comparison of Serum Nu­
cleoside and Base Profiles of Hu­
mans and DOl:s Usinl: IIil:h-Pres­
sure Liquid Chromatol:raphy. S. P.
Assenza. P. Il. Brown U IIf Hhode
Islnnd

2:30 Determination of Amino
Acids by Glass Capillary Column
Chromatol:raphy. T. Nllrris. S.C.I-:.
Scientifi<: Ply. l.td., M. K. Dcwar

2:50 Thin·l...aycr ChromutoJ{ruphy
of Stinginl: Insect Venoms. IV. B.
Elliott. H. Steger, Sinte II of New
Yurk at Buffnlo

3:20 Heversed-Phnse lIi/lh-Per­
formnnce Liquid Chromatol:raphy
of Adenosine 3',5'·Monophosphutc
(Cyclic Amp) nnd Its Mctnbolites.
M.I.J. Chitas. U of Lishon. M. L.
Cohn..1. A. Feldmnn. E. I.. Light

3:40 Separation of Amino Acid
EnuntiomerK us Dipeptidc Diustc­
reamers Using Itcycrsc·J>huKC
High-I'erformnnce Liquid Chro­
malOl:raphy. E. P. Kroeff, W. H.
Cahill, .Ir.• n .•1. Pietrzyk. U of lown

4:00 Hllpid Heveroed-Phnoe
lIigh-Pcrformanee Liquid Chro­
matol:rnphic Analyois of 3',0'­
Cyclic Adenosine Monophoophato
in Hat Brain Extracts. M. Zaknrin,
U of Hh"de Islnnd. A. M. Krstuluvic.
P. H. Brown
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Wilks
Infrared

Accessories

New FT Liquid Cells!
New Prep L.C. Columns!
New capillary 'Columns!

New Long Path Gas Cells!

Analabs, Inc.
A Unit 01 Foxboro Analytical

SO Republic Dr., North Haven, CT 06473
Tel. (203) 288·8463
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Program

4:20 High-Pressure Liquid Chro­
matography: Its Usc for Monitor­
ing Enzymatic Assays and Purifi­
cation of Enzymes. J. L Hodge, U of
Connecticut Health Center. E. F.
Rossomando. W. M. Skea

4:40 Separation of Precolumn 0­

Phthalaldehyde Derivatized
Amino Acids by HPLC. J. C. Hodg­
in, Micromeritics Instrument Corp.

Emission Spectroscopy­
General I

Thursday Mternoon. Room 3A
C. L. Page, Presiding

1:30 Computer-Assisted Calibra­
tion S}'Stem for Direct Reading
Spectrometers. R. L. Crawford.
Jarrell-Ash

1:50 Study of Noises in Atomic
Spectrometer Systems. B. D. Pol­
lard. A_ H. Ullman, J. D. \\'inefordner.
U of Florida

2:10 Characteristics of Improved
Direct Current Plasma Jet. A. M.
Allen, G. N. Coleman. W. P. Braun, U
of Georgia

2:30 Experimental Results from
Automated System for Charac­
terization of DC Plasma Emission_
J. V. Petersen, Colorado State U, K.
R. O'Keefe

2:50 Connncd Plasma in Graphite
Tube for Emission Spectroscopy.
S. Lawson, R. Woodriff, Montana
State U

3:20 Effect of Fill Gas Type upon
Fundamental Nature of Hollow
Cathode Discharge. D. M. Mebs.
FOri Lewis College, T. M. Niemczyk

3:40 Diagnostic Measurement of
High-Power Microwave-Induced
Helium Plasma at Atmospheric
Pressure. A. T. Zander, Cle\'Cland
State U, G. M. Hieftje

4:00 Application of Atmospheric
Pressure Helium Microwave
Plasma GC Detector to Halogen
Specine Detection of Aqueous
Organies. P. C. Uden, M. F. Delaney,
B. D. Quimby, R. M. Barnes, U of
Massachusetts

4:20 Miniature Spark Emission
Source for Analysis of Solution
and Gaseous Samples. G. T. Seng,
NASA, S. M. Kocplin. S. R. Crouch

4:40 New Current Generator for
Quarter-Wave Stable Spark
Source. T. Araki, J. P. Waiters, U of
Wisconsin

The Column in High.
Performance Liquid
Chromatography

Thursday Afternoon, Club Room B
J. Biber, Presiding

1:30 The HPLC Super-Column:
Fact or Myth? 1'. Deland. W. Amer­
ica. Lnburator~' Data Control

1:50 New HPLC Column Teeh­
nology-Hc\'olution in Resolution.
G. J. Fallick. C. W. Huosch. Wuters
Associates

2:10 New HPLC Column Tech­
nology-Comparison with Trndi·
tionul Forms. G..J. Falli,'k, C. \\T..
Hausch. Wliters AssucililPs

2:30 High-Performance Liquid
Chromutol:raphy Column Evalu­
ation.J. \\". Hi~gins. Rio-Had Labs

2:50 HPLC Column Evaluation:
Part II. Application and Hesuhs. n.
G. Bwwnl£"c, Hrownl£"c Lubs

3:20 How to Gel the Best Hesulls
from Your HPLC Column. N. A.
Parri$. Du Pont

3:40 New High-Performance
Maximum Con'ragc Rc\'crsed·
Phase Columns. l\.H.C. Cooke. M.
Doyle-. Altex Scientific

-t:OO Considerations in Column
Selcction for Rc\,('rsc-Phasc Liq­
uid Chromatography: Innuenee of
Bonded-Phasc Chain Length. J. n.
Gant. Technicon Industrial S).:otems

4:20 Guide for Selection of Opti­
mum Bonded Phase Column
PackinJ:s in Rc\'crscd·Phasc
IIPLC. N. A. Parris. Du Pont

4:40 Ho,,' to Slurry Pack and Test
Liquid Chromatography Columns.
R. A. Henry. Chemlcst

Symposium: Trace Analysis in
Characterization of Materials

Thursday Afternoon, Hoom 235A
H. Freiser, Presiding

1:30 Introductory Remarks. H.
Frciser, U of Arizona

1:35 Trace Melal Analysis by ESH
Using Stable Free Radieul Che­
lating Agent. Y. A. Zoloto", Ver·
nadskii Institute uf Geochemistry and
Analytical Chemistry

2:10 Trace Analysis in Charac­
terization of Materials. G. H. Mur­
rison. Cornell U

3:05 New lIIass Spectrometric
lIIethods for Trace Analysis. n. G.
Cooks, Purdue U

3:40 Trace lIIetal Analysis by
Surface Analytical Techniques. L.
V. Phillips, U of Pittsburgh. D. M.
Hercules, G. n. Conner

4:15 Analysis ofTrace lIIateriuls in
Rapid Reactions. W. G. Futeley, .J.
Sung, Kansas Stale U

Automated Electrochemical and
Spectrochemical Methods

Thursday Afternoon, Hoom 2:lf,B
W. Straub, Presiding

1:30 On-Stream Analysis of SICI,
During Productian of Solar Grade
Silicun. G. C. B"rrow, H. K Wil­
kowski. D. H. Lemmon. \Vcstin~­

huu!'c
1:50 Automated Seanninl( 1'01ar­
ogrnph for Solution Labile Com­
pounds. H. E. Cuolev, C. E. Ste"en­
son, Eli Lilli nnd Co:

2:10 Hydrodynamic Vollnmmc­
t ry--Theory and Application to
Chemical Allalysis. S. das GUpUl, B.
Fleel. HSA Hencturs

2:30 E\'sluution of Continuous
MonitorinJot' Proccdures for Cya w

nide. B. Fleet. S. dlls (;"pta. HSA
Hl'ucturs

2:50 Usc of l\Hcroprocessors in
lSI-: Techniques. C. Weslcutt. V.
I\uhlrr. Hl>ckmun Instruments

3:20 CFA-200, New Automated
Continuous Flow Instrument. R.
(;hadimi. Peerless Electronics Re­
search Curp., C. Schmid. J. Sal peter

3:·10 New On-Line Colorimetric
Anillyzer for \Vater and \Vuste·
water. H. Clemens. J. Chishulm, C.
Huch. P. Larsun. D. Schounu\'er,
H3l'h Clu'mi"ul Co.

4:00 Automated Titrations: Usc of
Automated Flow Injection Analy­
sis for Titration of Discrete Sam~
pies. K. K. Siewnrt. A. G. Hosenfeld.
USDA

4:20 Versatile SyrinJ:e Drive
!\lodule for Hapid Mixing Meth­
ods. F. J. Holler. U of Kentucky

-t:-to Determination of Trace
Amount of Chlorine in Petroleum
Products by Combustion and Mi­
crocoulometrie Method. A. Mat·
suzaki, 1\. Kuyunu. Nippon Oil Co.

Coblentz Society Award
Presentations and Symposium

Thur5day Afternoon. lillie Theater

1:30-~r~s;~I';il:~s:f'the 1979
Coblentz Award

by
Ira W. Levin

President 01 the Coblentz Society
to

Lionel A. Carreira
University of GcOfgia

Award Address
Development and Application of Computer­

Controlled CARS Speclrometer

2:50-Presenlallon of the 1979
Williams-Wright

Industrial Spectroscopist Award
by

Ira W. Levin
Prosldenl 01 tho Coblentz Society

to
Norman B. Colthup

American Cyanamid Co.
Award AddreD

MoleculM Orbitals and Group Frequencies
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Gas Chromatography­
Applications

Thursday Afternoon. Boll Room
W. L. Zielinski. Jr.• Presiding

1:30 Fatty Acid Annlysis by Shorl
Glass Capillary Column Gas
Chromatography. E. Lanza, J.
Zyren. H. Slover. USDA

1:50 Gas-Liquid Chromatographic
Separation or Polycyclic Aromatic
Hydrocarbons on Liquid Crystal
CapiUary Columns. W. L. Zielinski.

Jr., NCI Frederick Cancer Research
Cenler, R. A. Scanlan, M. M. Miller

2:10 Comparison of Nickel and
Stainless Steel Plot Columns for
GC of Melal Complexes, D. E.
Henden-nn. Trinity College

2:30 Chcmical Compound Glass
Separation in Shale Oil Analysis.
P. C, Uden. F. P. DiSanw. S. Siggin.
U of Mas....l1l'1ms€.'t is

2:50 Applications of High-Reso­
IUlion Glnss Capillnry Gas Chro­
mntogrnphy in Annlysis of S)'n­
thetic Fuels rrom Coni. C. M. White,
U.S. Dept. of Energ)·. D. L. Va,-,ilnros,
M. L. Lee

3:20 Utility or Capillary GC in
Coalings Analyses, ,J. D. Buchner,
PPG Induslries

3:~0 Quantitative Analysis or PCB
Using Glass Capillary Columns. J.
Snow, B. Bush, New y,,,k Stale Dept.
of Heallh

~:OO Perrormances and Applica­
tions or I'tfodincd On-Column In­
jeclion System ror Glass Capillary
Gas Chromatography. G. Sisti,
Curio Erhn Strument.llzione. M. Golli,
S. Trestinnu

~:20 Applications or Headspace
Gas Chromatography. J. H. Wi·
dOlllski, E. W. Morch, Perkin·Elmer

Computer Applications II:
Minicomputers

Thursday Arternoon, Music Holl
.J. Hombough. Presiding

1:30 Mass Spec Automation with
LSI-II Microprocessor: Part 1_
Hardware. V. Barton. R. Downey, C.
Pomernncki, H. Bedford, H. Craw­

ford, Lawrence Livermore Lab
1:50 Mass Spec Automation with
LSI-II Microprocessor: Part ,,­
Sort",are. R. G. Bedford, R. W.
Crawford, H. H. Brand, V. Borton, R.
Downey, Lawrence Livermore Lab

2:10 Interactive Microprocessor
System ror Mass Spectral Data
Acquisition and Instrument Con­
Irol. H. M. Lum, Bell Lobs

2:30 Executing ARTHUR on DG
ECLIPSE Minicomputer. D. A.
Heitke, J. L. Fa,ching, U of Rhode
Island

2:50 Automated System ror De­
termination or Faradaic Erriciency
or MetallAir Fuel CcUs. T. L. Clark,
Lawrence Livermore I....ah

3:20 Inlercomputer Communica­
tions Using Microprocessors. J. M.
Teuschler, EPA

3:~0 Laboratory Computer System
Designed ror the Chemist. R.
Washburne, AMP, Inc., L. R. Hoo·
ver

4:00 Laboratory Cost Control
Through Computers. T. Scott, J.
Vasily, Villanova U

4:20 Syslem for Acquisition and
Dissemination or Laboratory Data.
R. E. Enrione. H. C. Jackson, U.S.
Army

4:40 Innovative Development or
Two-Channel Computing Inte­
grator. M. Tarter, J, Power, Lobo·
ralory Data Control

Friday, March 9

Thermal Methods of Analysis

Friday Morning, Room 240
G. Palmgren, Pre:iidillg

CIRCULATING BATHS
- 2OI200"C

~l

SOUD STATE CIRCULATOR
'-2OI8O'C

If you've got a
constant temperature

problem, we've got four
constant temperature solutions
WATER BATHS· OIL BATHS. DRY HEAT BATHS· FLUIDIZED BATHS

o IMMERSION CIRCULATORS- ,_ POLYPROPYLENE BATH-Low
Convert any c,.mtainer into a precise cost, 3'/2 .gallon capacity for educa·
constant temperature bath. Control to tional and clinical applications. Con·
::t: 0.005 ·C, all solid state with vective circulation maintains temper·

temperature preset and built·in safety ature within ~O.5·C_lncludestray and
features. thermometer.

o SOLID STATE CIRCULATOR-Cir· ~ DRY HEAT BATHS-Maintain test
curates liquid to maintain cuvettes and tube samples to within ~ O.l·C ac·
external apparatus at set or preset curacy. Silent and solid state. UL listed
temperatures, stable to : 0.02"C. Has for safety.
integral safety features. ._ FLUIDIZED BATHS-Dry, inert.
[J CIRCULATING BATHS-seamless clean and non·toxic fluidized
stainless steel for water or oil. Solid aluminum oxide provides safe, isother·
state controls, stability to :O.OS"C. mal environment from ambient to
Various racks, covers, trays and coel· ll00"C. Superior to heating manlles,
lng coils available. oil baths, or air ovens.

~ ~ Check the app.ropnate box ~r write or call lor more Informallon.
V technical details or applications assistance.
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A new name from an old company:

Instrumentation Specialties Co.
presents ChemResearch instruments

\ .
.• ~ ~-

Jt.!~ adlm
..-~.-
Automate

your wet lab.
Let your

HPLe grow.
Start your modular ChernResearch series

2000 with a choice of two high-sensitivity,
UV I visible detectors and an isocratic solvent
delivery system. Upgrade It to a gradient system
at any time, or add an oven for Ion exchange
columns.

The ChernResearch single-piston pump Is
electronically compensated for valve action,
system compressibltlty, and other variables to
produce a flow as smooth as multi-piston
designs but without their cost and maintenance
problems. LED readouts monitor 15operating
parameters. All valve and column plumbing
projects from the oven when the door Is opened;
Injections are automatically marked; and a
valve quickly relieves alrlocks during solvent
changes.

The Series 2000 can be Interfaced with the
Model 1560 sample Processor to provide your
research or quality control lab with a totally
automated analytical system.

See us at the Pillsburllh COClf.rence, Booths 926 and 928

ChemResearch

You can completely automate even the most
complex lab procedures with a Chern Research
sample Processor-It will do virtually everything
you can do manually, and often with better
precision and reproducibility. If you are a
researcher, you can greatly expand your output;
If you are In process monitoring or quality
control, your procedures can be automated for
non-technical personnel.

In addition to ordinary chemical analyses, the
Model 1560 Is suitable for such diverse purposes
as tissue culture growth; automatic control of
complex process reactors such as peptide
synthesizers; biochemical processing; and the
fundamental characterization of reactions by
automatically varying experimental parameters.
Up to 210 samples can each be processed
through thousands of steps Involving reagent
addition, agitation, Incubation, and various
measuring procedures. You enter the program
by simple keystrokes without having to know a
computer language.

For more Information on ChernResearch Instruments and applications,

Phone toll 'ree (800)228-4250

(continental U.S,A. except Nebraska). Or write
Instrumentation Specialties Compeny, P.O. Box 5347,

Lincoln, Nebraska 68505.
CIRCLE 106 ON REAOER SERVICE CARO
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Program

8:30 Design of Isothermal Calo·
rimeter for Measurement of Heots
of Water Hemoval from Tobacco.
C. Eo Thoonas. W. S. flyan. Jr.• T. S.
Laszlo. Philip Morris

8:50 Dynamic Mechanical Analy·
sis of EnRineerinR Materials. K. L.
I.nwgon. Bendix emp.

9:10 Hecent Dynamic Mechanical
Analysis (DMA) Applications. H. L.
Hassel. P. S. Gill. Du I'onl

9:30 New Instrumentation: HiRh.
Temperature DTA Module. W. P.
Brennan. H. B. Cn"sel. H. I.. Fyans.
Perkin· Elmer

9:50 Thermal Dehydration of
MaRnesium Sulfite Hexahydrate
(MRS03'6H,O) and MaRnesium
Sulfite Trihydrate (MKSO,·3H,0).
H. Malek, Heichhold 'hemicals. L.
Dauermcm

10:20 Kinetic Analysis by New
Photopolymcrization Calorimeter.
M. Ikeda. Fuji Photo Film Co.

10:~0 ASTMMethod ofTeslinR for
Determining Arrhenius Kinetic
Constants for Screening of Po­
tentially Hazardous Materials. H.
B. ClL'SCl. W. 1'. Brennan. n. L. Fyans.
A. P. Grny, Perkin-Elmer

11:00 Measurement of Critical
Thermal Slability Parameters for
Potentially Hazardous Materials.
H. L. Blaine. 1'. S. Gill. Du Pont

11:20 Microprocessor. Based Pro·
grammer for Thermal Analysis. H.
L. Blaine. 1'. S. Gill. Du Pont

X-Ray Fluorescence. X·Ray
Diffraction

Friday Morning, Boom 205
C..J. McCafferty. Jr.. P,,'sidill/l

8:30 X·Hay Speclroscopy Analysis
of PVC Compounds. W. O. Butler.
Diamond Shamro<.·k Corp.

8:50 X.Hay Fluorescence Tech.
niquc for Quality Control of
TiO:! Conlent in Paint. G. P. Cun­
ningham. C. E. Cowan. H. G. \Vein·
urenner. PPG Industries

9:10 Detcrmination of Erfective
Samplc Thickness from Scalier
Peaks in Energy·Dispersive X-Hay
Fluorescence. H. Van Crieken, F.
Adams. P. Van Espen. L. Van't dack.
U of Antwerp

9:30 Analysis of Coal and Coal Ash
by Energy·Dispersive X.Ray Flu­
orescence. B. D. Wheeler. N.•Jaeo·
hus. EG&G OHTEC

9:50 Intcrclcmcnt Corrcctionti (or
Nickel Buse Alloy. Using Funda­
menlal Purameters. T. Ami. Higaku
Industrial Corp.

10:20 PredictinR Quanlltative Ma·
trix Effects in X·llay Fluorescence
Analysi•. H. Eo Clark. ES Indus·
tries



@ Hitachi Scientific Instruments
centrifugal Preparative
Liquid Chromatograph
A liquid chromatograph uses centrifugal force rather than
gravity, capillary aclion or high solvent pressure to effect separallon,
The CLC-5 system may be used with almost any type column
packing material normally used for Cit.
TLC or HPLC to provide high .....
performance separallon,~
detecliOn and frar.llon ~ ,. .~
collection on relatively ~ •
large sample volumes '
in a tenth 01 the lime
required In conventional prepar- I
alive systems. ThIS new technIque
offers many advantages which Will make It an
Imporlant loci in the Iield 01 liquid chromatography,
not only as a preparative system but as a qualitative and
quantitatIve system as well. ClffClE 13

Computerized UV-Visible
Recording
Spectrophotometer

A Great Advance In Spectro­
photometric Instrumentatlon

A completely computerized low-cost
double-beam spectrophotometer system

achieves a level of automatIOn, data acquisition,
data procesSing, data presentallon, and operating

funcllons never before available at any price.
The Model8D prOVides the analyst With the

utmost lIexlbility in wavelength scannIng while
greatly expanding the capability to collect

process and reperl quantitative data.

Polarized zeeman Effect
Atomic Absorption System
The new automated system provides not only the greal
senSlllvlty. preCISH)(l. accuracy and background
correction ability which only the Zeeman tectlnlQue can
give. but now a completely aulomahc sampling and
data processing system The dala system prOVides
automatIc sampling. automalK:. caJlbraf)()(\ curve
development USIng a choice 01 callbratlOO curve
algorithms. goodness-of-flt anatysls. deviatlOfl from
hnearlty and. 01 course. accurate and precise answers
In dIrect concentratl()O uMs.

JjI', UV Detector
,- - - Dual-Beam
L Dual-Channel,III ~~~~I:~~

, -: mon.tOrlng In the UV ReglOO
a: two dlfferenl and selectable

, wavelengthS Each wavelength
1$ In the double beam mode ana 1$

presented as 1ti(]IVlduaJ recorder traces on a two-pen
recorder A true monochromaltc Instrument whtch
prOVIdes eIght push bunan wavelength selectlQOS
across Ine 210-280 nm UV AegIQn With scale
expanSIOns 01 up to O.OO5A WIth less than :::1% noise.
The abihty to Simultaneously monllor at two different
wavelengths greal~ increases both QuanlitatlVe and
qualitatIVe accuracy and preciSIon by prOVIding
adsorption rallOs of the two wavelengths. ClIClf 101

Low CostRecorders~'"
A SIngle and dual-pen
recorder series is lOw
In cost but retaIns Quality .
where Quahfy counts. ThiS
new series has specifica­
tions and features which are
normally lound on recorders
COStlng many ~,mesmore

100 series Spectrophotometers
Double/Single Beam

~=':~:~~~VJVIS ~,...,
leatures advanced " _
concave grallng optICS

A complete hoe at
acceSSOfles including tem- .
perature controlled sampler. , --'-- ~

high pressure HPLC cell
and recorder.

CIRCLE 103

See these new Instruments demonstrated at Booths 1602-1608, Pittsburgh Conference
March 5-9, 1979 • Cleveland, Ohio

15 S81es and 5ervice
Locations in the

U.S. and C8nada
NIA~ [}={] DlJ~©[}={] 0
SCIENTIFIC INSTRUMENTS

45D E, Middlefield Road· Mountain View, CA 94043· (415) 969·1100

Sold and Serviced
In the U.S, for
Over 20 Years
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Program

10:40 Standardless Determination
of Sonle HeaVy Metals in Airborne
Particulate Matters by X-Ray
Fluorescence Spectrometry. K.
Ohno, National Research Institute for
Metals

11:00 Pigment Analysis of Paint
Films by X-Ray Diffraction. P.
Kamarchik, PPG Industries

11:20 Large-Scale Automation of
LLL Analytical X-Ray Facilities.
F. Y. Shimamoto, Lawrence Liver­
more Lab

Toxicology and Drug Analysis

Friday Morning, Room 239
D_ Fretthold, Presiding

8:30 Determination of Manganese
in Biological Samples. P. A. Pleban,
Cleveland Slate V, K. H. Pearson, D.
A. Leto

8:50 Automated Analysis of Lead
and Cadmium in Biological Sam­
ples. S. E_ Bowman, Cleveland Clinic
Foundation, P. A. Pleban, K. H.
Pearson

9:10 Combined Vse of Infrared
and Derivative VV-VIS Spec­
troscopies in Automated Identifi­
cation System. R. J. Obremski, J. W.
Mohar, J. Bernard, J. Miller, Beck­
man Instruments

9:30 Analysis of Barbiturates in
Biological Fluids by Gas Chroma­
tography Vsing Photoionization
Detector. L. Jaramillo, J. Driscoll,
HNVSystems

9'.50 Routine Gc/m Identification
of Drugs for the Forensic Labo­
ratory. R. Saferstein, New Jersey
State Police, J. J. Manura, T. A.
Brettell, A. Varano

10-.20 Determination of Crystalline
and Chemical Changes in Drug
Substances Through Computer­
ized Infrared Subtractive and
Synthetic Techniques. J. E. Zar­
embo, R. J. Warren, A. Post, Smith
Kline Corp.

10:40 Carbon-13 and Proton Fou­
rier Transform Nuclear Magnetic
Resonance Spectral Analysis of
S-Oxides and N-Oxides of Pheno­
thiazine and Related Analogs. D. B.
Staiger, R. J. Warren, J. E. Zarembo,
A. Post, Smith Kline Corp.

11:00 Solvent Selectivity Effects in
Reversed-Phase Ion Pair Chro­
matography ofSome Amine Drugs.
N.H.C. Cooke, M. Doyle, Altex Sci.
entific

11:20 Determination of Meperidine
and Normeperidine in the O....te­
trieal PatienL E. L. Todd, D. T.
Stafford, U of Tennessee

11:40 Rapid Quantitative Analysis
of Pharmaceuticals via Micro·
computer-Controlled IR. R. J. Ci·
terin, W. L. Truett, Foxboro/Wilks

Emission Spectroscopy­
General II

Friday Morning, Lillie Thellier
C. J. Belle, PrcsidillN

8:30 Comparison of Ruled and
Holographic Gratings for Induc­
tively Coupled Plasma. C. C. Woh­
lers. Jarrell-Ash

8:50 Evaluation of Low-Cost
Computerized ICAP Direct
Rcading Spectrometer ror Routine
Analysis of Ecological Samples. J.
P. Maney, V. J. Luciano, L. F. Mar­
ciello, A. F. Ward. Jarrell·Ash

9: I 0 Background Correction Sys­
tems in Multichannel Direct
Reading Spectrometer. D. A. Yates,
V of Missouri, E. H. Hinderberger. S.
R. KoiTlyohann

9:30 Evaluation or Axially Viewed
(End-on) ICP Source for Atomic
Emission Spectroscopy. D. R.
Demers, Baird Corp.

9:50 Vse of Flow Injection Meth­
ods in Conjunction witb Plasma
Emission Spcctromelr)' for Assay
of Elements in Microsamples of
Biological Origin. C. B. Baddiel, N.
A. Skerten, Vnilever Research

10:20 Precision of Flame Emission
Measurements. S. G. Metcalf, K. G.
Braithwaite, J. D. Ingle. Jr., Oregon
Slate V

10:40 Flame Emission Spectroscopy
Vsing Vniform Sized Sample
Droplets. B. M. Joshi, Ford Mowr
Co., R. D. Sacks

liquid Chromatography Analysis
After Detection: Data Handling

Friday Morning, Room 235A
T. J. Williamson, PresidinN

8:30 Du Pont "Prep I"-Rapid
Automatic Sample Processor ror
LC/GC Analysis. A. P. Goldberg, G.
Dallas, Du Pont

8:50 New Chromatographic Data
Handling System. R. M. King, H. J.
Limpert, Waters Associates

9:10 New Microprocessor-Based
Gradient Liquid Chromatograph
Utilizing CRT Display. S. J. Lu­
chelli, Varian

9:30 Versatile Information Pro­
cessor and System Controller for

LC. I\. E. Nelson, H. ,I. Limpert,
\Vfltcr~ As....ucintc~

9:50 Automated Method Develop­
ment in IIPLC Vtilizlnl( Interac­
live Communications Between
Microproeessor-llased LC Ilnd
Turn Key Lub Autonlntion SYlJlcm.
H. I\nosrl, H. :'khustN. Hewlett·
Pnc:knrd

10:20 Vnique Advantages or Ter­
nary Soh'cnt ProJtramminK. A.
Henshnll. Sp['ctrn-Ph~'Hic!'O

10:~0 LC System Control by Bllsic
Program. F. E. Eckslein. W. E.
Shumaker.l>crkin·Ell1lrr

II :00 Vseful I'roltramming and
Floppy Disc Teebnique Vsinl( a
Mieroprocessor-llased III'LC
System. A. Henshall. C. Flmily, n.
Hong:onen, Spectra-Physics

11:20 Methods De"elopment by
Automated HPLC. A. P. Goldberg,
R. \\'. Stout. 1\. P. Golden. Du Pont

II:~O LC Data Processing in Rasic
Language. F. E. Eckstl'in. Prrkin·
Elmer

Food Analysis

Friday MorninJ:. Room 2:158
A. Diorio. Pr('sidjll~

8:30 Application and Character­
istics of Polymer Adsorption
Method Used 10 Analyze Fla,'or
Volaliles from Peanuts. L. L.
Buckholz, Jr.. Iltll~ers, The Stole V

8:50 HPLC Analysis of Carotenes
in Tomatoes. 1\'1. Znkariu. K. L.
Simpson. P. H. Brown, lJ of Hhodc
Island

9:10 Determination or Residual
Solvent Vapors in Food and Bev­
erage Containers. G. Hewitt, J.
Driscoll,J. Becker, HNV Systems

9:30 Storage of Canned Foods in
Original Containers After Open­
ing: Port II. Multielement Analysis
of Food Product. S. G. Cupar, K. W.
Boyer, FDA

9:50 Direct Quantitative Deter­
mination of Fat in Food by In­
frared Analysis Without Extrae­
lion Procedures. 1'. A. Wilks, ,Ir.. M.
Bayliss, Foxboro/Wilks

10:20 Improved Methodology for
Analysis of Anatoxins. A. C. Hay­
man, G. Dallas, Du Pont

10:40 Quantitative Analysis of Af­
latoxins in Natural Producls by
Reversed-Phose lIPLC. G. ,I.
Kushll, D. ,J. Popovich, C. ,I. Lancas­
ter, Whatman, Inc.

11:00 Delermination of Hiogenie
Amincs in Chocolale by HPLC. W.
J. Hurst. 1'. Toomey, Hershey Foods
Corp.
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If you look at all analytical X-roy eqUiPMent. it seems to
appear very much the some from the oulside

Hardware is hardware.

_ At Philips. there's a lot more than JUst the nuts and bolts For over
three decodes. engineers. techniCians. manufactunng and mar­

keting experts continue to wor\< as a team developing
new applications In the fields of diffraction and
spectroscopy. NwoYS. we respond fo your needs.

Wrth the advent of computenzatlOn. we automo ed
our state of ne art hardware and created who

we call InteractIVe software

And. we know tho a smootn running in­
strument requires tuti service and cus­

tomer support Our service networ\< is the
larges In the Industry. rained for speed and

efficiency We provide on-going customer
raining programs a your facilrtyorours.where

cons on exchonge 0 in­
orma IOn occurs

"

\.~-

Sure. the nuts and bolts are Important but when you toke
a closer look. you'lI see thaI

Philips Analytical X-ray is

More Ihan )usl Hard are.
Visit us at Pittsburgh Conference. Philips' booth numbers 601-610.

Philips Electronic Instrumonts.. Inc.
8S McKee Dnve
Mahwah. New Jersey 07430
20\·529·3800
A Nollh Arnericoo PhIIopsC~ny

CIRClE \47 ON READER SfRVICE CARD

PHILIPS



Listen world . ..
it's time to clean up your act

0034L

Fom,.
0$22.00
o $30.00
o $70.00

Toll Fr••: New Orden: 800-6)8·1000
Md. only ]01-'4'.1551

'ACS Member subsaipdon. I·y ...
Non-member subfCttpdon. I·y ...
Institution, Compony ... Ubtary subsaipdon, I.year

_ ,peclfy: 0 Hard copy, or 0 HIcroflche
o Payment enclosed. 0 Illil me, 0 Bill company.
Nomo Tldo _

Orpni"go"Home---------------------
Addo- 0 Il<alno,, ,

~S ,ZJp,------ _

-"'..,.,....,..,r""_.. toe ""In dN mail
'ACS Mernbef r'" •• lew~ UN 0I'tt

r---------------------------,
EnvironmentaJ Science It TechnololY. American Chemical Socle.ty 1'7'
1155 Shl:teenth Stre.et~ N.W., Washlnlton, D.C. 20016

YES,' WUlt to keep Up--to-dlte on the hard (xu ofenvironmental (Iun-up. Plene enter my subKripoon
lD ENVIRONMENTAL SCIENCE & TECHNOLOGY as follows:

U.i
o $16.00
0$24.00
0$1>4.00



CIRClE I SS ON READER SERVICE CARD

Organic ReagentS
Fine Organic Chemicals
Rare Organic Chemicals
Custom Synthesis

• And more.

How 10 QUICK FREEZE IiiTRANSIENTS D1GITALLY.. l§
then thaw them on any kind
of answer machine. =

Since 1922. TCI (To"yo Kasei) has supplied leading
chemical laboratories and indusnies worldwide with
u broad selection oi fine chemicals. Our current
cdtulog includes over 10.000 different chemicals (or
every type of usc. Vinually all orders are Shipped
within 12 hours of receipt. Five·gallon. 55-gallon and
Ion lots are available. Be sure o( selling quality.
scieClion ancl fust clelivery. Buy TCII

Write today for your free copy of the 750·page Tel
Organic Chemicals Price List...00 TOKYO KASEl KOGYO CO.• LTD.

(Tokyo Chemical Industry Co., ltd.)
9-4, Nihonbashl-Honcho 3-chome, Chuo-ku. Tokyo. 103 Japan

Telex: 222-4719 ASACMN J Cable: ASACHEMCOTOKYO Tel: 241·0881

!~Ib
pHYSICAL DATA. Inc

8110 S 'If ,",,-0,,\ A.~

B.~ ••"o ... OR !FCCo;
PI'lo"t' s.:) t\.U ~u

Send for this new handbook on recording and storing
transient waveform data for subsequent playback in digi­

tal and/or analog form to a computer. caJculator. oscillo­
scope. teletype. stripchart recorder or any appropriate
answer machine.

Text explains purpose. rationale and methodology of 28 ap­
plications - making efficient use of features such as simlAtaneous
multi-ehannel recording. pre- and post-trigger recording. interfac·
ing options. variable playback rates and duar timebase facilities.
Diagrams illustrate components, interfacing and layout.

5I>oOIc:~••"""''''''_:
. _-..g' 0lem0caI0NIyIiI

'Engi..""""""",.~
- El«:lncai_'_r_
• Pn>pulsoon' bbno jotS. SaJoIy-.

·Nudoot_·~

QUALITYI SELECTIONIFAST DELIVERYI
All Yours From Tel-The Organic Reagent Specialist

Name

Address

American Chemical Society
SpeCial Issue Sales
1155 16th Sireet. N W
Washington. 0 C 20036

Professionals
•In

Chemistry

Please send me copies 01
Professionals In ChemlSlly 1977
P"ce: $20.00 Member P"ce'
$10.00

Please send me complete
sets of Professionals In Cllemls!ly.
(1974 through 1977).
Price: $40.00 Member P"ce:
$20.00

Payment 01 $ 'S
enclosed.

A Comprehensive Report on:
• Characte"stlcs
• Remuneration
• Employment PrOJections
• Employers
• Minority Chemists
• Postdoctoral Fellows
• Supply

Professlonala In Chemistry
19n contains a wealth of
employment and educational
data of particular Interest to
academic administrators. faculty
members. indust"al managers.
personnel speCialists. individual
chemists and chemical
engineers. career counselors.
and the young men and women
contemplating - or preparing
for -- careers In chemistry.

CIRClE 206 ON RUDER SERVICE CAID
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NEW!
UPDATED!
EXPANDED!
A totally revised edition of the
best selling single publication
ever produced by ACS

Cleaning Our
Environment
~~
~0\Yi@

NEW!
• Analysis & Monitoring
• Toxicology
• Radiation

UPDATED!
• Air
• Water
• Solid Wastes
• Pesticides

The first edition of CLEANING OUR ENVIRONMENT. published in 1969.
quickly became the ACS all-time best-selling book. But. because this is
a changing world-especially in the environmental field-ACS has
completely revised and expanded this important work. The four original
topics (air. water. solid wastes. and pesticides) have been updated.
and coverage has been added in three new area_analyall and moni­
toring. toxicology, and radialion!

If you are interested as a professional or as a layman. CLEANING OUR
ENVIRONMENT will bring you up to date on what is being done. what
can be done. and what will be done!

Even if you already have the earlier edition-you will want this important
and expanded revision! 457 pages. S9.50 paperbound.

Essential reading lor:
• educators
• researchers
• legislators
• administrators
• and a great refresher for

environmentalists

~--------------------------------~
I Special I...... Sal.. Please send me __ copies 01 CLEANING OUR ENVIRONMENT-A I
I American Chemical Society CHEMICAL PERSPECTIVE I
I 1155 Sixteenth Street. N.W. I

Washington. D.C. 20036I 0 My payment Is enclosed 0 Bill me I
PRICES

I 1-9 caple $9.50 each I
I 11)-<49 caple•............ $8.50 each Name I
I 50 or mone $7.50 eech Addre.. I
I Enclose $1.50 por e<der City II 'e< handling and postage. I
I ~=:.=11 adO Stale Zip code I

~--------------------------------~
171E



WE can't l'EallY show off
Illficon's vErsatilE sllrfacE allalysis
SystEI1'.

Ulltil YOll sho\v UP with a samplE
fOI' cOI1,pal'ativE 8llalysis.

INFICON
LEYBOLD-HERAEUS

The plextglas model of our universal chamber clHrty
shows our verutikt analysis techniques.

s.. us at the Pittlburgh Conf.,..nc•.

Write or call today. We'd like to see you and your
sample soon.

We also offer contract aurlace analyala and
alilatanee w/ttl specla' problema.

6500 Fly Road, East Syracuse, New York 13057
3151437-0377. TWX 710 541-0594

lOS ON ~EAot~ SE~VKE CAID
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The best way to demonstrate Inficon's lH5-10
surlace analysis system is by direct application. So
bring In any vacuum compatible sample-give us two
weeks' notice, please-and we'll analyze it.

And we'll prove ours is the simplest. most cost·
effective system for your surlace analyses.

Whatever your analytical problem, the
lHS-l0 will help you obtain more complete surlace
characterizations, correlate data faster, and reach firmer
eKperlmental conclusions.

lHS-l0's universal analysis chamber allows
customizing to your eKact needs-whether It's catalyst
efficiency testing, elemental or quantitative analysis,
trace detection, depth profiling, or chemical
fingerprinting.

You can have ESCA (XPS), UPS, AES, SAM,
SIMS, ISS modules now, or add any later at minimal
cost. Even add a compuler system for simultaneous
Instrument operation and data mantpulation.

No matter whal techniques you select for
present or future use, all can be employed on the same
sample area-without specimen manipulation-for
rapid sample analysis.

For now, lei the other surface analysis
companies first demonstrate their capabilities-then let
Inflcon give you proof positive 01 the LHS-l0's superior
perlormance, versatility and simplicity.



HPLC announcement:

A significant advance in solvent delivery...

Agreatnew
pump from LDC
The new ConstaMetric III metering pump is a single
modular unit designed specifically for HPLC use, not
merely adapted from a general purpose pump. Naturally
it's from LOC, with their preeminent Milton Roy pump
engineering expertise.

See us at booths 1337-38-39-40
Pittsburgh Conference



European olf"",'

LABORATORY DATA CONTROL
Milton Roy House. High Street
Stone. Staffs.• ST 15 8AR.
England
Telephone 0785-83-3542,
telex 36623

LABORATORY DATA CONTROL
Otw$On 01 Milton Roy Co
P.O. Box 10235
Riviera Beach. FL 33404
305/844-5241. telex 513479

Send for the
detailed
ConstaMetric III
brochure and the
complete LOC
pump catalog.

Filter
accessible for
servicing

FLOW RATE
ml/mln

LOCliquid
chromatography

i-----------------------------------------l
: LABORATORY DATA CONTROL I
I P.O. Box 10235. Riviera Beach. FL 33404 :
I I
: Please send me the 0 ConstaMetric III brochure I

: 0 Pump catalog l
I I
I Name TIUe I
I I
: II Institution Phone _
I
I: Address _

I: Clty _

I: State Zlp _
L - ------------

CIRCLE 127 ON READER SERVICE CARD 232

Adjustable
flow rate 0.10
to 9.99 mL/min

• LOW

LIMITS

OHIOH

All solv nt line
are ext mal for
quick servicing
or leak detection

3

Hi-low limit
shutdown

6,000 psi
capability

Gradient
programmable

Note these special advantages of the ConstaMetric III:

Dual piston
reciprocating
pump



the' Iuwl'st vihrntiunnlleH'1 of til(' ex­
cit<,d stutl.' us in ordinarv Ouuresn.'IJ(·{'.
The distil1(·tion i!'i sho...·;l in Figure~.
C'onsNJuC'nlly, tIlt' Tl'!'ionnnn' Homlln
l'missiun pro('('ss is e!'i!'il'nt illll~' instun­
t,um.'olls. and the resulting spC'ctra ('on­
sist of narrow bands. For 11101erul('s
in solution. (·Iectronic !'itntl'!'i nu'
IJroadenl-d by mllny dosely spllced vi·
brational !'ilnt('s. Excitation with ru­
distilln anvwhl're within this continu­
um will gi~'e rise 10 the SlIm£> rl.'SO­
nonce Raman sp£>ctrum. with an in­
tensity proportiunal to the uhsorptiuTl
intensity. Spectrn may he ohtained
using an excitation frequency just
below the absorption hand. Such sp(>c­
tra displa~' smaller resonance en­
han('ernent, typically less than tenfold.
and an' called preresonance Hamon
spe'ctra.

Not all uf the normol Homan bands
are equally enhanced. Only those vi­
brations that exhihit u largl' l.·hangc
in equilibrium J::eometry upon elec­
tronic excitation will produce strongly
resonance-enhanced Human hunds.
In prnctical terms, this means that twu
c1asse~ of \'ibmtional modes will pro­
duce intense resonance-enhanced
spectra. These arc totally symmetric
vihrations, and lhose nuutotallv svm­
metric vihrations that \'ihronic~II;'
couple two electronic states. The n'­
sultin~ two classes of cnhuncelllcnt ure
called A-term nnd B-term enhance­
ment, respectively. They l'un he dis­
tinguished experimentally hy their in­
tensity Vt;. excitutiun frequcncy de­
pendences (called exciLlition profiles)
in the preresonunce rcgiun.

Note thut OltilOlIJ,::h rcsononce cu­
hancement involveH 11 true electronic
excited state of n molecule, the vihru­
tionul frequencies ubserved ure the

Resonance
Raman

Spectroscopy

Resonance Raman spectroscopy
possesses many features that makE' it
attractive to the analvlical chemist.
These properties are ~utlined in Table
I. Howe\"er, problems of sample fluo­
rescence have limited its practical ap­
plications.In this HEPOHTwe will out­
line the theory of resonance Raman
spectroscopy ~nd review thf" publish(>d
analytical applications. \"e will also
describe the most promisin~ approach
to fluorescence rejection, coherent res­
onance Raman spectroscopy. and
summarize the current applications
and the prospects for the future.

Resonance Raman spectroscopy is
the only high-resolution spectroscopic
technique that is routinely applicah)£>
to dilute aqueous solutions. For exam­
ple, deteclion limits of 2 X 10-' !If for
vitamin 8 12 have been obt.ained using
only a simple photon-countin~system
(I). Recently, detection IimiL. for p.
carotene were pushed below IO-s M,
by use of a multipass cell (2). Struc·
tural studies are routinely carried uut
on solutions in the 10-4-10-[' AI ranJ{e.

Resonance-Enhanced Raman
Spectra

The period of early exploration of
applications of resonance Raman
spectroscopy included vigorous debute
about the origin of the effect and thc
form of its governing equations. Most
of the controversies have been re­
solved, and several recent reviews di~­

cuss the theory clearly (3-7). The res·
onance Raman effect results from the
promotion of an electron into an excit.
ed vibronic state. accompanied hy im­
mediate relaxation into a vibrational
level of the ground state. The process
is not preceded by prior relaxation to

Michael D. Morris
David J. Wallan
Department 01 Chemistry
University 01 M;c!ligan
AM Atbor. M;c!l. 48109

Resonance enhancement of Raman
scattering occurs when the excitation
wavelength corresponds to the wave·
length of a dipole-allowed electronic
transition of a molecule. Vibrations
responsible for the usually unresolved
vibronic structure of the absorpt ion
band as well as totally symmetric vi­
brations are enhanced. The enhanced
Raman bands may have intensities
1()2-1()6times greater than normal
Raman intensities. Consequently, res·
onance Raman spectra have low detec­
tion limits and are much simpler than
normal Raman spectra, since only
bands related to the "chromophore"
are enhanced. The power of resonance
enhancement is shown in Figure I.
The sample is 5 X 10-6 M cyanocobal­
amin and 0.05 M sodium nitrate aque­
ous 6Olution. The spectrum is ob·
tained with 514.5·nm (Ar+ laser) exci·
tation, a wavelength within the in­
tense lowest 11' - .... transition of cya­
nocobalamin, but well removed from
any nitrate abGOrption bands. Thus,
the strong ring vibration (1504 cm- J)

has ahout half the integrated intensity
of the strongest nitrate band at 1055
em-', despite a concentration differ­
ence of four orders of magnitude.

1.2 A • ANALYTICAL Cl£MJSTRY, VOL. 51, NO.2, FEBRUARY 1979 0OO3-2700/79/0351-0182AS01.00/0
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Current
Applications
and
Prospects

Report

61', cm-1

Figure 1. Resonance Raman spectrum 015 X 10-8 Mcyanocobalamln and 5 X
10-2 Mnltra!e Ion In 0.1 MHCI. Excitation frequency: 19436 em-I (514.5 nm)

the late 1960's, were quickly adopted
as the intense excitation sources need.
ed for resonance Raman applications.
Almost immediately, resonance
Raman spectroscopy became a valu­
able tool for the study ofsuch divene
biochemical systems as beme deriva­
tives and the poly-ene visual pig­
ments. Applications to the stud, "f in­
organic molecules also quickly ap­
peared (10 l.

Today commercially available dye
lasers cover the wavelength range
from about 300 nm into the near in­
frared_ Frequency doubling extends
this wa\'elength'range down to about
220 nm. Thus, resonance Raman spec_
tra can now be obtained over almost
the entire range in which conventional
electronic absorption spectra can be
taken.

Clearly, one should be able to sub­
stitute the bigh resolution of res0­

nance Raman spectroscopy for some
or most of tha separation steps and in­
terference removal reactions needed
for low-resolution techniques such as
fluorimetry or spectropbotometry. In
fact, resonance Raman spectra of dyes
and pesticides bave been oboerved at
the micromolar level in such media as

chemical studies (10-'-10-' Ml, pro­
tein bands are too weak to be ob­
served_

The sensitivity of resonance Raman
spectroscopy to only chromophore vi­
brational modes may be considered
either a strength or a weakness. On
the one hand, spectra are greatly sim­
plified, and a series of molecules con­
taining slightly different chromo­
phores will give spectra that are easily
distinguished. On the other hand, if
a series of molecules contains the same
chromophore with, for example, dif­
ferentaliphatic side chains, the reso­
nance Raman spectra will be nearly
identical.

The analytical advantages of res0­

nance Raman spectroscopy were sug­
gested as early as 1959 (9). At that
time, sample self-absorption and the
lack of a multiline source of sufficient
intensity limited resonance Raman
spectroscopic research to a handful of
specialists. The argon ion and krypton
ion lasers, wbich became available in

ground state frequencies of the mole­
cule, as observed in infrared absorp­
tion or normal Ramon spectroscopy.
The reason is that the resonance·en~

hnnced scattering process starls and
terminates in the ground electronic
slale of the molecule. Resonance
Raman spectroscopy can therefore be
considered a form of high-resolution
vibronic spectroscopy.

Since an electronic transition is
often morc or less localized in one part
of 8 complex molecule, the resonance
Raman effect provides a way to selec­
tively enhance the Raman bands due
to vibrations of this chromophore.
This selectivity is quite apparent in
molecules such as the heme proteins.
whose resonance Raman spectra have
been extensively studied (8). It is easi­
ly shown that the resonance Raman
bands are due solely to vibrational
modes of the tetrapyrrole chromo­
phore. None of the bands associated
with the protein is enhanced, and at
lhe concenlrations employed for bio-
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Figur. 2. Energy diagram showing difference between resonance Raman emission
and fluorescence
Relaullon 10 ~c::u1d vibrational state. which precedes fluorescent emis.sb"I. eIepk:1ed by loftU,ating
,,"ow

of fluorescent samples. The Ouo,...­
cence rejection of th.... techniques is
indeed spectacular. An early report
presented spectra of samples deliber­
ately spiked with laser dyes (32), and
the spectra of dyes themselves have
been reported. Spectra of many other
highly fluorescent molecules bave
since been observed. Coherent Reman
spectroscopy appean to provide the
most promising approach to analytical
Raman spectroscopy.

The term e:oherent Raman .pee:­
Iro.copy bas come to include several
closely related techniques. These in­
clude coherenl anti-Stokes Reman
spectroscopy, CARS (32-34), Reman­
induced Kerr effect spectroscopy.
RIKES (35, 36), and inverse Reman
spectroscopy, IRS (37,38). Several
other techniques suggested recently
are .U closely related to these three.
All the techniques depend on the in­
teraction of two intense, generally
pulsed. laser beams with a sample.
When the frequencies of the lasers dif­
fer by a Raman·active frequency, then
one can observe coherent emission
(CARS), absorption out of one beam
(IRS) or a cbange in the polarization
state of one of the beams <HIKES).

Although CARS, and with it fairly
broad interest in coherent Raman
spectroscopy, is only 4 or 5 yean old,
the advantages and problems of coher­
ent Raman spectroscopy are already
becoming clear. The advantages are
summarized in Table IL For our pur­
poses. the excellent fluorescence rejec­
tion is the most importanL

Some of the problems are merely
those of a new technology. At present,
one must assemble one's own instru­
ment, which usually lacks the conve­
nience features of commercial devices.
More serious is the presence in CARS
of a nonresonant background signal,
which limits its sensitivity. At this
writing. detection limits are alleast

wide variety of problems. Nonetheless,
analytical chemists have not often em­
ployed it, largely because many poten­
tially interesting samples are fluo­
rescent. Fluorescence appears as a
broad band background signal and
may be so intense as to completely ob­
scure Raman signals. Urine and
serum, for example. are sufficiently
fluorescent that resonance Raman
spectroscopy in these common matri­
ces is generally difficult or impossible.
The same problem may occur with
paint samples, colored fabrics, or
pharmaceutical preparations.

Sample fluorescence has long
plagued Raman spectroscopists, and
many have developed ad hoc tech­
niques for dealing with the problem.
Extensive sample purification or de­
struction of fluorescent impurities in
a laser beam is sometimes helpful.
However, if the fluorescent culprit is
lhe species of interest, these tech­
niques are useless, and even addition
of quenching agents is usually not suf·
ficient. Recently, time resolution of
Raman signals from the much slower
fluorescence emission has been pro­
posed (23-27). However, fluorescence
rejection is generally only ten to one
hundredfold, an insufficient factor for
many analytical applications. In some
cases, time resolution actually lowers
signal-to-noise ratios (27).

Coherent Raman Spectroscopy

Recently, coherent Raman spectros·
copy (28...J/) has been proposed as a
method for obtaining Raman spectra

Resonance Ramen

river water and cherry soda with little
or no matrix interference (JI-J3).

The combinotion of resonance
Raman spectroscopy and some simple
"chromophore de\'eloping" chemistry
could result in many practical analyti­
cal methods. The catecholamines are
an example of a system of closely reo
lated compounds amenable to this
technique. The aminochromes, which
are formed by oxidation of catechol·
amines with air or one of several com­
mon oxidizing agents, are useful for
this purpose (14-16). Many molecules,
such as heme derivatives, vitamin B12 .

poly-ene visual pigments and antibiot­
ies, have suitable absorption spectre.
and are easily studied with no chemi·
cal transformations at all.

Resonance Raman spectroscopy is
31so being used to investigate tempo­
ral changes in chemical systems. Sev­
eral groups have used this method to
examine generated species at electro­
chemical diffusion layers (/7, 18).
Spectra have been obtained using
multichannel detectors, such as vid­
icons (19), and 7-ns time resolution
has been observed (20).

Vibrational spectra of solids are
readily obtained using resonance
Raman spectroscopy. Recently, the
technique has been employed to probe
the olefin adsorption on a zeolite sub­
strate (21). The chemical transforma­
tions of rose bengal adsorbed on a ZnO
sinter electrode have also been investi·
gated (22).

Resonance Raman spectroscopy is
now establishad 88 a useful tool for a
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Figur. 3, Resonance CARS spectrum of 3 X 10-3 Madrlamycln In pH 6 buller
WI - 20 000 an- 1 (500 rvn). or~ of electtonlc tl8I\ItUon, At this concentlaUon, banda appear dlspof­
aMi. Anowalhow mIdpoVit of each banet wtlk:h corresponds well 10 bands obHfVed In pletesonance
Raman IpOCln.m 01 molecule

two orders of magnitude higber for
CARS than for conventional Raman
spectroscopy under equivalent condi­
tions. Refmements in instrumentation
could improve detection limits some­
wbat. Newly emerging coberent tech­
niques, to whicb we sball return later,
may soon provide the sensitivity need­
ed to exploit the full potential of reso­
nance Raman spectroscopy.

The CARS apparatus used in our
laboratory is similar to systems used
by most investigators for CARS of so­
lutions. A I-MW nitrogen laser pumps
two dye lasers. Tbe dye laser; wbich
generates the beam w" has a mOtor­
driven grating, allowing spectral scan­
ning. The other dye laser is manually
tunable only. For reasons of economy,
re1iability, and ease of operation, the
two transversely pumped dye lasers
are driven by a single nitrogen laser
and form the most common CARS
laser system.

Virtually any sort of sample cell can
be used for CARS. We have used spec­
tropbotometer cells of 1- or 2-mm
path length. Melting point capillaries
are useful, both because they are inex­
pensive and because they act as very
short focal length lenses and belp in
aligning the system (39). Capillaries
can also serve as flow cells for CARS.

Nitrogen laser-pumped dye lasers
have very sbort pulses, typically 5-10
ns long, depending on design. More­
over, the repetition rate is low, typi­
cally 10-25 pulses per second. Because
of this sbort pulse length and low duty
cycle, CARS data must be processed
througb a gated integrator. For strong
signals the detector can be a PIN
diode. More frequently, it is necessary
to use a pbotomultiplier. Tbe common
IP28 is suitable. Because CARS sig­
nals show large pulse-to-pulse varia­
tions, it is useful to ratio to a reference
signal. Typically, "'I is monitored, but
a cell filled with solvent can be used
to generate a reference background
signal.

Tbe gated integrator itself is a weak
link in tbe coberent Raman experi­
mental system. Tbe device is linear to
no more than 0.1% and operates over
about three orders of magnitude of
signal intensity. These linearity and
dyIiamic range constrictions limit tbe
effectiveness of background subtrac­
tion, averaging over many pulses or
digital ftItering.

Tbe presence of tbe nonresonant
background signal is a fundamental
limitation of CARS and is the origin
of the poor sensitivity of this tech­
nique. CARS nonresonant background
aignals relative to water are shown for
selected solvents in Table III. The key
factor is that the nonresonant back­
ground aignal for aromatic solvents is
about an order of magnitude below
the aignals for moot other solvent sys-

terns. Therefore. lower detection lim­
its have been reported for samples in
benzene than for those in other com­
mon sol\'ents. Overcoming the nonres­
onanl background is the object of in­
tensive research. \\'e will summarize
progress in this area at the end of this
review.

Resonance-Enhanced Coherent
Raman Spectra

Coherent anti-Stokes Raman spec­
tra can be resonance enhanced under
the same conditions as spontaneous
(com'entional) Raman spectra (40,
4 I). The "'I (pump) frequenc)' is made
coincidenlal with an electronic ab­
sorption maximum, and W2 (probe) is
scanned to generate the spectrum. Ex­
citation profiles have been measured
and found to conform Ul theory quite
well (42). Resonance inverse Raman
spectra have also been reported (43),
but very little work has been done in
this area.

f
E

The spectra of laser dyes thorn­
selvos have been obtained and demon·
strate the power of coherent resonance
Remon spectroscopy. These molecules
nuoresce with high quantum efficien­
cy, opproaching unity in the caso of
perylene, and conventional resonance
Raman spectra of these moleculcs
cannot be obtained (44).

Biochemical applications of rcso­
nance·enhanced CARS are now begin­
ning to appear. Recently, resonancc
CARS sl>eelra of several navins, in­
cluding FAD, glucose oxidase, and ri­
boflavin bindinR protein, have been
reported (45,46). Partial band allSign­
ments and some preliminary struclur­
al correlations have been presented.
The resonance-enhanced CAllS spec·
trum of adriamycin has been used to
reinterpret the electronic spectrum of
that molecule (47), an important anti·
tumor druJ::. Flavins and adriamycin
arc hi~hly fluorescent, and their reso­
nance Hamon spectra cannot be ob­
tained bv convcntional means.

Re-sun-ance CARS spectra are par­
ticularly susceptible to distortion by
interference betwefn the Raman sig­
nal of the solute and the nonresonant
background of the solvent. Since these
spectra are obtained with solut.e con­
centrations of 10-:\ AI or lower, there
is an enormous excess of solvent, and
negath'e and dispersive I>caks are
common. Figure 3 sho.....s part of an ad·
riaffiycin spectrum in which the
Raman bands appear dispersive. The
midpoints between the maximum and
minimum emission correspond to the
positions of the conventional Raman
bands. As WI is moved oYoloy from the
origin of the electronic transition, the
CARS bands are grodually trans­
formed to negative peaks (·I7). The
same transition from positive bands
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to dispersive to negative can also be
observed at fixed pump wavelength,
simply by diluting the 84mpie.

AlthouKh resonance-enhanced
CARS was first reported only 2 years
ago. the technique is already proving
valuable for mechanistic and structur­
al studies. Because of the nonresonant
background signal. detection limits in
aqueous solution are seldom below
10-5 M and can be pushed to 10-7 M
in benzene solution in exceptional
cases. These high detection limits pre­
clude widespread use of resonance
CARS for trace analysis.

Development of a backKround-free
or at least low background coherent
Raman spectroscopic method. is on
orca of active research. Optical cancel·
lation of nonresonant signals nnd
techniques free of nonresonant signals
are being explored in several labs.
Raman induced Kerr effect spectros­
copy (RIKES) can be used to cancel
the background optically (35, 36).
This technique exploits birefringence
induced in 8 sample when the two in­
cident laser beams differ in frequency
by 8 Raman active frequency. A major
experimental problem with RIKES
is that it requires the use of lincarly
polarized light with an extinction ratio
of 10" or better. Ordinary Glan laser
prisms are not capable of such high
extinction ratios. and expensive polar·
izing optics are required.

An alternative approach called "CW
stimulated Raman" (48-50) has been
demonstrated. It is essentially inverse
Raman or Raman gain spectroscopy.
The absorption from a laser beam or
the energy gained by a laser beam is
measured under inverse Raman condi·
lions. The gain or absorption from an
argon ion laser is measured. The sec·
ond tunable laser beam is chopped,
and a lock-in amplifier i. used to mea­
sure only the component of the argon
beam synchronous with the chopped
beam. By this technique very small in­
duced intensity changes can be mea·
sured.

Another inverse Raman technique
uses the induced absorption generated
on an argon laser beam by a pulsed
dye laser. The high peak power avail­
able from a pulsed dye laser means
that the observed signal is much larger
than that found by the CW technique
(51 l. Signal-to-noise ratios are thus
higher.

Raman gain and inverse Ramon
measurements require absorption of
energy by the sample and therefore
are intrinsically free of any nonrpso·
nant background. Measurement of
Raman spectra by meano of these phe­
nomena should allow generation of
undistorted spectra down to very low
concentrations.

The Kerr effect and the inverse
RamanfRaman gain techniques are
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in their infancy, Both look quite
promising, One or both of these vari­
anla of coherent Raman spectroscopy
may give analytical chemisla the
means to obtain Raman spectra of nu·
orescent materials at trace concentro·
tions within the ne.xt year or two.
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need for ~11ed l~niciam. Plus • ippIbtion flexi­
bilitaes tNt deliv~even lTlOIe perlorl'l"WlC'e for your
dolw.

• Whether you work with p.es or Hquids or solids, in
tow ppb or htgh %. Houston AtUs hiS ~ "an-do"
performer for you.

• Such ~ the~Ie Toul Sulfur AtWyz~ lh.t ~tso
~res HzS, SOl, NO., md ocher polluunu with
just iii dl.,ange of upre.IU pitented f'hotorateomelnce
bri.in routinely re,ads liKe c:oncenlt,JIiom in less
INn 6-minules..0.. .. !he PPM Ref...".., SUndMd Genet••Of. Th;,
non-perme.,atio insuumenl ~Ulorn,atiaJIygenerales
fresh. uniformly b&ended cillj~ion suncJ¥d QrTl­

pJes the insunt~ Me needed, with unrestricted
ppb, ppm, Of % ""ll"'bilily.

• Or• the Micro;eaor Syringe Drive lhil be.1ts anything

ClgClf 99 ON REAOER SERVICE CARO
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There are many reasons why
we have already updated over 3000 DU's:

And why your
.DU or DU-2*
should
be next.

Though it may be gathering dust, the monochromator from your DU 8 or
DU-2 8 is a good one, rugged and reliable. Above all, it's useful. whether you're
into industrial or biomedical research, quality control. pollution studies, or
similar disciplines. By replacing everythingexcept the monochromator with a Gillard
Series 252 update, we create for you a complete, modern spectrophotometer.

Solid-state linear absorbance photometer:
L.E.D. display to 3.00CI4; readout in absorbance and concentration units; recorder
calibration controls; BCD output for interface with printers. computers; easy
operation. no need lor sensitivity or dark current adjustments. no shutters.

NBS-traceable absorbance standards:
Easy absorbance calibration at three points in absorbance range;
routine determination of photometric linearity.

Four-place manual cuvette positioner:
Precise cam·operated positioning and sliding aperture mask for routine measurement
wllh standard. micro. or flow-through cuvettes; integral full-flooding thermcplates for
circulation of fluids from constant temperature source; economical option for
automatic cuvette positioning.

Optical bench adapter / dual light source:
Tungsten and deuterium lamps plus new optical components for enhanced energy
throughput; easy interchangeability of standard positioner with optional accessories
lor enzyme analysis, gel electrophoresis. thermal melts, rapid sampling. and more.

Solid-state power supply:
Stable, transistorized power for entire spectrophotometer; no batteries. reduced maintenance.

You'll find nothing with matching capabllllies at anything NEAR the price.

For further informotion, coll or write GILFORD INSTRUMENT
LABORATORIES INC., Dept 5-7-12. Oberlin, OH44074 (216)774·1041.

Ifm
.H...,u••"""rl·~'a"""_I_"""".I~.

• (!) ObertIn, Ohio 44074

Or Paris (Malakoff), France
Dusseldorf, W. Germany
Taddln ton, Mlddx., ElandgJ INSTRU."TI(216) J"'041 Tele"~0456

CIRCLE as ON READER SERVICE CARD
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CIRCLE 1~5 ON READER SERVICE CARD

ity monitor indicates purity. by 42 cm wide by 41 cm high, so It
Here's the way the MiIII-R/Q Water fits almost anywhere. And because It

Purifier works. Water first passes comes complete, including cartridges,
through a pre-filler, followed by a all you do Is attach il 10 a tap. In a
reverse osmosis membrane. And then few minutes the syslem is fully oper­
it flows into a unique three-stage pol- ational. And since it operates on water
ishing cartridge-carbon removes the pressure at room temperalure, the
organics; a nuclear-grade ion exchange MiIIi-R/Q Water Purifier saves on
resin takes out the inorganics; and a energy and water consumption.
Millipore membrane filler stops bacle- So instead of spending a 101 of
ria and particulates. money on a slill, spend less and get

And because this something a lot better. To learn more
whole cartridge about the Milli-R/Q Water Purifier, call
system is disposable, this toll-free number (800) 225-1380.
the MiIIi-R/Q Water Or wrile to us for more information:

c.-.. Purifier is easy to Millipore Corporation, Water Systems
maintain. In a typi- Division, Bedford, MA 01730. (In
cal application, car- Canada, call 800-268-4881 toll-free;

~ ~~~~E~~gEI linMas.saCh.usetts'~5-9200.)

as easy. The whole Di . .
unit is 53 cm long _ VISion

mlWPORE

IntrodadDg the ta95
MUU·R/Q'" Water Parlfler.

It produees S Uters 01
Type D· _ter per hoar­
with better qaaUty than
eveD doable cUatUlatioD.

Comparably equipped stills cost
about $1,500, need weekly cleaning,
and don't give you water of consistent
qual ity. The best
thing about them
is they'll help us sell
the new MiIli-R/Q
Water Purifier.

The system runs
unattended directly
011 your tap, storing
purified water in a
built-in 20 liter sell­
contained tank.
When you turn the
spigot on, a resistiv­
.."......... .._"""""'"'"
~ cbaD I~ ra.iItJric)l. Mms CAP/AS1l4.uand&nb.
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News

ANALYTICAL CHEMISTRY Appoints Three New
Instrumentation Advisory Panel Members

ANAI.YTICAI. CHEMISTRY h.s ap·
puinted three new members to its In­
strumenUltion Advisory P.nel. They
.re Tomas Hirschfeld. Block Engi·
neering. C.mbridge. M....; C.rLer L.
Olson. College of Ph.rmacy.t the
Ohio SUIte University; and Thomas H.
Ridgway, University of Cincinnati.

Members who are IC8vinK the panel
ufter servinl( three-year terms are
Nathan Guchmon. Veterans Adminis­
tration Hospilal and University of
California. San Diego; Gary Horlick.
University of Alborl•. C.nada; .nd
J.mes N. LiLLie. Waters Associates.

The six memhers who will continue
to serve un t he panel are Gary D.
Christian. University of \Vnshington;
C.therine C. Fensel.u. the Johns
Hopkins University School of Medi·
cine; Gary M. Hicflje. University of
Indiana: Peter T. Kissinger. Purdue
University; C. D.vid Miller. American
Instrume~t Co.; .nd Sidnev L. Phil·
lips. L.wrence Berkeley L~bor.tory.
University of California.

The Advisory P.nel membors lend
their expertise to the continued den»·
apmcul of interesting and provocative
editorial covcrnJ:c of the interdiscipli­
nary field of instrumentation. They
.id both in the selection of subject
maller and I>ossibie authors and in the
development of the scope and aims of
the feature itself. Panel members also
review material for the feature and
sometimes contribute directly as au·
thors or coauthors uf articles.

The J::oal of the instrumentation
felliure is to help bro.den and deepen
the re.der's knowledge in related dis­
ciplines so that cross·fertilization of
ideas miJ:ht provoke ori~inal and use·
ful thinkin~ in the urea of instrumen·
tation for solvinl{ analytical problems.
The .rticles .re written by the special·
ist but directed toward the nonspeci-

.Iist. They .re not intended to bo
lengthy review articles but should
serve to introduce and promote inter­
est in the subject under discussion.
Areas of interest include not only in­
strument design but also specific: ap­
plications. Experts in disciplines other
than chemistry 8rc often invited as
authors when the topic has great po­
tential application to analysis. AI­
thou~h articles are normally invited.
unsolicited articles are also considered
if the topic is appropriate.

Brief biogr.phic.1 sketches of the
new panel members follow.

Tom.s Hirschfeld is currently
chief scientist of Block Engineering,
Cambridge. Mass., and a vi.siting pro­
fessor at Indiana University. Bloom­
i11I{ton. He received his PhD summa
cum laude in 1967 from the N.tional
University. Uru~uay. Dr. Hirschfeld
has taught spectroscopy courses at
sen'ral universities and has over 200
papers ur patents in reneclion.
Haman. Ouurescence, and Fourier
tmnsform spectroscopy. A Fellow of
the Optical Society of America and a
senior member of the Institute of
Electronic and Electric Engineers. he
is also a member of the Editorial
Boards of the Journal of Applied
Spl'clmsl'opy and the Journal o{ the
Opticol Sodet)" o{.-\meriro. and edi­
turin} ndvisur to Optics Letters and
Appli.·d -'p..dro,copy. Dr. Hirschfeld
r...·eived the IR·IOO.ward in 19j5 for
development of the CIRA gas chroma­
tO~fllphiC' infrared analyzer and again
in 1977 fur the Viromeler rapid \'irus
detl"l,t ion system. He is ft 1978 ACS
and Society for Applied Spectroscopy·
lour sprRker. nnd is the recipient of
the 19j8 Me~~ers.".rd from the So·
dety fur Applied Spectros<'OPY.

Carll'r L. Olsoll

Carter L OboD is prof....,r of
pharm.ceutical analysis in the College
of Pharmacy at the Ohio State Uni­
versity. ID 1956 he received his BS de­
gree from \Viscomin State University,
Stevens Point, and his PhD in 1962
from the Univer.lity of Kansas where
he worked under the directioD of
Rolph N. Adams. He theD did two
ye.rs of po6tdoctorol research with
W.lter .J. Blaedel at the University of
Wisconsin. M.dison. SiDce 1963 Dr.
Olson has boon on the faculty of the
Ohio SUIte University, College of
Pharmacy. His research interests in­
clude the development of electroana­
lytical methods for measuring clinical­
ly important enzyme reactions, flow­
stream spectroelectrochemistry, and
methods for measuring membrane
transport utilizing two-dimensional
vidicon spectroscopy. He is also ,",'Ork­
ing on the developmeDt of a GEM­
SAEC-type multichannel centrifugal
analyzer using electrochemical seD­
sors. Dr. Olson is. member of ACS,
Sigma Xi. and Rho Xi.

Thomas H. Ridgway is assistant
professor of chemistry and director of
instrumentation at the University of
Cincinnati. He received his BS degree
from the University of Michigan and
his PhD degree from the University of
North C.rolina under the direction of
C. N. Reilley. ID 1973-76 Dr. Ridgway
was assistant professor of chemistry at
Texas A & M University, aDd in 1976
he joined the Department of Chemis­
try at the Universit)· of Cincinnati.
His research interests include electro­
chemical methods of analysis and the
application of mini- and microcompu­
ters 10 chemical instrumeDtatioD_ Dr.
Ridgway is a member of ACS and the
Electrochemical Society.

Thoma. II. Ridgl«lY
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Barbara Ehrlich uputting blood serum .amples into the spectrometer's auto­
matic .ampler in preparation lor lithium analysis

News

Determination of Uthium
Levels by AA Spectrometry

At the University of California's
School of Medicine in Los Angeles, reo
searchers are developing an analysis
method that will allow c1inicallabora·
tories to provide very accurau> lithium
determinations on blood samples of
patients suffering from manic depres-.
sion. Lithium helps to control manic
depression, although the mode of 01"
eration is still unknown. The difficulty
with lithium treatment is that too
great a dosage is dangerous and too
little is ineffective. A therapeutic dose
migbt be I mmoIIL plasma, whereas
a toxic dose would be only 2 mmollL
plasma of lithium carbonau>. Barbara
Ehrlich, a PhD candidau> who has
been doing research on membrane
transport biophysics for the past three
years, is analyzing the drug's effect on
patients' moods by studying the way
lithium affects red blood cells, the rate
at which it enters and then leaves
these cells, and the change in lithium
concentration in the whole body over
a 24-h period.

Using a Varian Model 1200 atomic
absorption spectrometer in the Oame·
less mode, a carbon rod atomizer
(CRA 90), and an automatic sampling
device (ASD 53), Ehrlich measures
plasma, red cell lithium levels, and
litbium movement across the cell
membrane with just 10 mL of blood.
Using standard methods of analysis
would have required 400 mL. Ehrlich

does a minimum amount of prepara­
tion to test her blood·lithium samples.
First, she separates the plasma from
the red cells and then dilutes the plas·
rna and the cells with ammonium ni­
trate to remove interferin~ ions. The
sample ~ocs into the spectrometer
which has a hydro~en enhancement
device that helps atomize more lithi­
um by changing the I:0seous environ­
ment around the sample chamber. In
the spectrometer the sample is dried.
reduced to ashE'S to remo'·c any reo
maining protein and intrrfering ions,
and is atomized into the absorption
beam. There is an nbsllrption readout,
which Ehrlich converts to lithium con­
centratillns.

Ehrlich found that lithium dues af­
fect cell membranes and possibly
nerve membranes tCM). This finding.
couplPd with other research, suggests
a biuchemical basis for manic depres­
sive illness. Learning the exact ml"Cha­
nism of lithium's action is important
because manic depression is the only
psychiatric illness that can be con­
trolled with a specific drug.

Research work of this kind could
lead to the development of a spec­
trometer that would let a clinicllilabo­
ratory technician tell a doctor exactly
how much lithium the patient needs
to rapidly achieve a theraptutic re­
sponse. Because lithium has fewer side
effects. it is also being tested as treat·
ment for other medical problems such
as premenstrual tension, alcoholism,
and explosive personality.

Biotechnology Resource
One of the notion's most versat.ile

centers for analyzinK complex chemi­
cals is now open for reKionol and na­
tional business in the BiochemiMtry
Building at Michigan State University
(MSU). The milliun·dollar facility is
one of seven moss spectrometry labu­
rntories designated us "bintechnoln~y

resuurces" by NIH. It is .uppurted by
the NIH's Divisiun uf Research Re·
sources and, as such, serves 011 re­
scarchers funded by NIH. Althuugh
the MSU facility i. cunsidered are·
gional on€.', it hos certnin capahilitics
that are utilized by rcsearchers from
other regiuns. says Charles C. Sweeley,
MSU professor of biochemistry. He
and John F. Hollnnd, assuciatc profes­
sor of biochemistr\', urc codirector'S uf
th€.' facilit\', which'was established in
1968 by NIH as part of Dr. Sweeley's
laburatory. Heccnt i-:ro\\'lh in €.'quip.
ment and use necessitated the mo\'e
to the new location.

Use of the facility by scientists from
other institutions has bc€.'n numerous
and hroad. One regular user has been
the U.S. Army Laboratories at Natick,
Mass., where preser\'otion of food by
radiatiun is being studied. Other off·
campus users include researchers from
the University of California at Berke­
ley. Ml. Sinai Medical Schuol in New
Yurk, \\'nshin~ton University, Univer­
sity uf Texas, University of Minneso­
ta, University of Guelph in Ontario,
Vanderbilt University, University of
Houston, Johns Hopkins University,
and lhe University ofOklahuma. The
facility also train~ youn~ scientists in
the use of mass spcctrometry.

J. T. Baker Chemical Co.
Nobel Laureate Lecture

Yale Univcrsity's Chemistry De­
partment sponsored the inuugurnl .1.
T. Baker Chemical Cu. Nobel Lau·
rente Lecture un Nov. 29, I97ll. Chris·
tian Anfinsen, chief of the Laboratory
lIf Chemical Biology at the Institut..
of Arthritis, Metabolic and Digestive
Diseases in Bethesda, Md., und Nobel
prize winner in chemistry in 1972, de­
livered the first lecture in a series
called "Perspectives for the Future."
He s(loke on the develupment of syn·
thetic immunogens and stimulants of
the immune resl>onse. These investi­
gations promise to yield highly specif·
ic agents for the cure and prevention
of viral disease., he said. Dr. Anfinsen
summed U(l hi. lecture in this way:

Our current Ilnowledge 01 the
chemical and threc·dimensional
Htruclures 01 macromolc('ules, and the
ff!suJtinJ.: opportunity to intt!rpret bi~

oJo#icalluflction ifl te"uN o/.'1truc-
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HIGH MAGNIFICATION
MAY BE IMPORTANT, BUT • ••

secondary etectron micrograph 0'. cal'
Iron fracture surface.

For Many Materials Problems.
It's Just Not Enough. Where struc­
ture or topography is the key. a
good SEM IS indispensable. But
where surface compositions are
c"tlcal. a SEM doesn't provide the
needed Information. And acces­
so"es such as SIMS offer small
improvement. For one reason or
another - poor vacuum. ambigu­
ous data. poor chemical spatial
resolution. or instrumental restric­
tions - little useful information on
surface chemistry is provided.

That'. Where The
SuperSAM Come. In.

SuperSAM - the PHI Model 590.
Scanning Auger Microprobe ­
was designed as a high perform­
ance surface analysis instrument.
In addition to a SEM capability.
it provides spatially resolved data
on surface chemistry - data that
leads to solutions of real-world ma­
terials problems. II often adds that

C.rbon Auger lruge identities the
grephlle nodules on the 'racture IUrface.

c"tical piece of information that
means the difference between
success and failure.

A typical SEM. for example. would
provide a good micrograph of the
cast iron Iracture surface similar
to the one above obtained with the
SuperSAM But. it is unlikely that a
SEM. with or without accessories.
could identify the surface chemis­
try with the precision demonstrat­
ed in the Images of C and Sb. also
obtained with the SuperSAM The
C image identified the graphite
nodules present in the cast iron.
The Sb image revealed the pres­
ence of antimony in the craters.lell
when carbon nodules were pulled
away on fracture. Antimony had
segregated to the interface be­
tween the nodules and the metal
in a layer approximately 30~ thick.

SuperSAM Offers
A Complete Analy.l..

Topographical data and a variety
of chemical data are easily Obtain­
ed. Point analyses. etemental im­
ages and line scans. depth profiles.

Antimony lruge .......... _ ..,.. of
Sb leg_lion In the nodule c:qJera.

and quantitative analyses combine
to supply a complete picture of sur­
face composition. Instrument op­
eration can atso be automated tor
expanded data manipulation and
operating ease.

SuperSAIlI. B.eked
B, PHI EJlpert....

SuperSAM is backed by a well­
established Analytical laboratory
and a technical staff with unparal­
leled experience in the surface
analysIs field.

So if surface Chemistry is as impor­
tant as high magnification pictures.
and you want the best in surface
analysis. contact the leader in sur­
face analysis instrumentation.
Write Physical Electronics Divi­
sion, Perkin-Elmer Corporation.
6509 Flying Cloud Drive. Eden
Prairie, MN. U.S.A., 55344. or call
(612) 941-5540.

PERKIN-ELMER
Physical Electronics

CIRCLE 176 ON READER SERVICE CARD
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TEXAS INSTRUMENTS
INCORPORATED

CIRCLE 210 ON READER SERVICE CARD
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"TI recorders
help our systems operate

24 hours a day."
. . . says Dennis Mach, General
Manager of Richmond Instruments
Company, manufacturers of emis­
sion control monitors.

"We have no problems with TI
recorders. They are reliable, easy
to mount, clean, and easy to
handle. That's why we use them
in the vast majority of our
emission monitors. We like the
resolution of the wide chart and
the gOOd inking system. In addi­
tion, the removable back panel
makes special modifications easy."

"We especially like the reliable
heavy-duty construction because
our systems must operate with
little or no down-time to keep our
customers satisfied:'

Richmond Instruments is only
one of many satisfied users of TI
strip chart recorders. The chances
are good that you, too,.can profit
from the high quality, accuracy
and heavy-duty construction of
the TI recorders. There's a broad
selection of designs to choose
from..

Drives include unidirectional

and bidirectional synchro systems.
Wide and dual-grid servo/riter'II
models give a choice of one to five
full overlapping channels on a
8.75" grid. And if space saving is
a requirement, the LablTest
recorders use only 7 inches of
panel height.

Options include full scale adjust­
able zero, variable spans and
inputs, electric pen lifters, felt tip
or capillary inking, bidirectional
take-up system, synchro or digital
drives, and stepper.

TI recorders are backed by
more than twenty years of proven
quality, reliability, accuracy and
perfonnance plus a nationwide
network of sales and service
offices to serve you.

For further infonnation, please
contact Texas Instruments
Incorporated, P.O. Box 1443, MIS
619, Houston, Thxas 77001.
Or phone (713) ~
491-5115, ext. 3333,
TWX 910-867-4702,
Thlex 775938.
~mark of 1exu lnatrumenlll Incorporated

News

ture, has made pOlfsible many excit·
ing new approaclles to the under­
standing of cell function and of
human disease and its treatment. We
know that large polypeptides, direct
one-dimensional tram/alions of ge·
netic information, can fold sponta­
neously into functional and repro­
ducible geometries. This fortuitous
aspect of evolutionary design permits
u.' to undertake the chemica/synthe­
sis of enzymes, large hormones, and
molecules with receptor or recogni­
tion propertie.fi. A particularly inter­
esting spin-off of macromolecular
chemistry is the development of syn­
thetic immurwgens and !ftimulants
of the immune response. These inve!f·
tigations promise to yield highly spe·
fific oJJ('nts for the cure or prevention
of viral disra.fit\fi.

The new Nobel Laureate Lecture
Series follows a recent announcement
by ACS and J. T. Baker Chemical Co.
of a Nobel Laureate Signature Award
to be !(Tanted to oUlstanding doctoral
candidates in the fields of science and
medicine. The awnrd, to be adminis­
tered by ACS, will include a S2000
grant to the winner and a plaque bear·
ing the signatures of more thon 50
Nobel winne.... J. T. Baker's Warren
K. Kinglsey, chairman of the lecture
series, announced the new program
and stated, ..It is our hope that we
may be able to schedule the Nobel
Laureate Lecture Series at various
major learning centers in the U.S."

New York Society for Applied
Spectroscopy Medal Awardee

Bernard J. Bulkin, dean of arts and
sciences and professor of chemistry
at Polytechnic Institute of New York,
is the recipient of the 1978 New York
Society for Applied Spectroscopy
Medal. The medal is awarded each
year to recognize excellence for re­
search in spectroscopy. Dr. Bulkin has
conducted research on infrared and
Haman spectroscopy for 12 years and
has coauthored more than 40 pape...
in this orca. His major intcreal is in
I he spectra of liquid crystals and or­
dered Ouids. A graduate of Polytech­
nic, he ha. been dean of arls and sci­
ences (or three years. Prior to becom·
ing dean, he was on the faculty of City
University of New York_ Dr. Bulkin
earned a PhD in physical chemistry
from Purdue University and did post­
doctoral work at the Swiss ~'ederalln­

stitute of Technology. Hecipient of the
1975 Coblentz Award, he is a member
of the Society for Applied SI,ectrosco­
py, ACS, Optical Society of America,
New York Academy of Sciences, and
the Coblentz Society.



Slmultan«H)US
I.C.P.A.E.S.

EI.m.ntal Analyz.r
Oeslgn£Od for rourlne use. the JY·46 offen rapid
analysis of up 10 46 elements simulroneou~yond
uses rime-proven r~hnlquesfa enhance reliobll.
Uy and speed.

\VIII accepr two sources for example: a spark
stond plus on IndUCfively Coupled P10mlO source.
Use for OnOI'f)IS of ferrous cnd non·ferrous merals
and alloys. oils. IndusTrIOI effluenr. coals. ores
cnd rare earths. Holographic dlffrOCJIon grarings.
Fully computer operared. Also ask about our
JY·J8 Sequential Plasma Specrroonalvzer.

InSlrumenlS SA. Inc.. J·Y Oprical 5y)rems DiVI­
sion. 17J [uex Avenue. Metuchen. N J. 08840
:201) 404·6660. Telex 644·516. In Europe.
Jobin Yvan. Dlvi1Jon d Inwumenrs SA. 16·18 Rue
du Conal. Q1160 longjumeau. France. Tel.
000.J4 oJ Telex lOOYVON 642·602662.

JOBIN ~ Instruments SA,lnc.
YVDN~J.YOpUCaJS",emsOiYi.w>n

.-~
,. I I

CHICLE 108 ON AEAOEA 5EAV!CE CAilO

~
SEE THE UGHT!

The I\omono, HG·2S double monochromoror
Roman SysTem oHers the greatest throughpuT
in rhe Industry. rhe SimpleSI' opTICal design and
Ihe lo'gell. mall occe",ble IOmple chamber.
The Ramanor and Irs full Ime of acce.s.sones
ensures drama,., resulTS.

Call or WrITe for more Information on The most
advanced Roman sysrem In rhe world or In­
srrumenTS SA. Inc.

In)IIumenH V. Inc J·Y OP',COI ~Ylh."m) O'\lI!olon 17J
[ue AvC'nuC' MCluct\en N J 06640 <200.:Q4·8000
Tele 644·~1b kl EUlope JobIn Yvon D,vl!olQ('l d Inuru·
mC'nr~ ~A. 10016 RuC' du (onol 91100 long)umeou
Fronc(' T("OI QQQ 34 ~3 Tt>I('A JOOYVON 642·092662

JOBIN ~ Instruments SA, Inc,
YVDN~ J·Y Oplltel S,.slems Ol,lslon

MODERNIZE
YOUR OLD SPECTROMETER

o

We like the S optical end of
OLD spectrometers made by ARL, Baird, JACO, RCI,
and others. By·and·large they are still doing a good
optical job. But technological advances have obsoleted
their readout equipment. And modern laboratory
demands have outpaced their capability. To solve this
problem we designed the CRT·1000 Data Acquisition
and Readout System. It is a highly reliable micro­
processor controlled data acquisition, spectrometer
control. and readout system de>igned specifically for
use with optical emission spectrometers. IT WILL
BRING YOUR SPECTROMETER UP TO CURRENT
TECHNICAL STANDARDS FOR ABOUT 113 THE
COST OF A COMPLETE NEW SYSTEM. The
CRT·1000 will satisfy your existing readout requi.....
ments and provide additional features such as video
display and/or hard copy printout of percent concen·
tration, interelement corrections. averaging. automatic
standardization, daily logging, and many other features.
And you don't need a computer programmer to run it.

Over 100 major corporations have selected Labtest
computer products and Labtest software. And Labtest
comptiter installations have already logged hundreds of
thousands of hours of field operation.

If reliability, low maintenance, flexibility, spoed, and
freedom from operator error are important in YOUR
laboratory-modernization of your existing spec­
trometer system with the CRT·l000 may be the Inswer
to your needs. Call us collect today to discuss your
application. Ask for the Retrofit Project Manager.

LABTEST

EQUIPMENT

COMPANY
11828 La Grange Avenue. Los Angeles. CA 90025
Telephone (213) 478-2518 478-1610

subsidiary. V.TAD N a aNN. A COI'POQlUoft
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News

Call for Papers

The {ollow;ng meetinJ:s are newt)'
li.,tcd in ANALYTICAl. CHEMISTltY.
The 1979 meetings listed ('artier ap­
pear in the January is,'we

• Air Pollution Control Associa­
tion Conference on Quality As­
surance in Air Pollution Mea­
surement. Mar. 12-13. Grand
Hutel. New Orleans. Contact: Gus
Vun Rodun!:en. Luuisiana Air Con·
trot Cummissiun, P.O, Rux 60630.
New Orlcans. La. 70160

• 16th Annual Cbieago Chroma­
tography Discus_ion Group Con­
rerenec on Gas Chromatography.
Mar. 20-23. University uf Illinois.
Chica~o. Cuntad:J. R. Hime.,.
Richardson Cu., 2701 W. Lake St ..
Melrosc Parh. III. 60160

• National Conrerenee ror Control
or Hazardoul and Toxic Materi­
al_ in the Environment. Mar. 21­
2:1. Deauville Hutel. Minmi Beoch.
Contact: R. D. Zuch",. Infurmatiall
Trall.fer IIIC., 1160 Rockville Pike.
Suite 202, /lac/wille, Md. 20852

• ACS Penta_ee.ional Oklahoma
Meeting. Mar. 24. Stillwaler, Okln.
COlltael: R. D. Freeman, Dept. uf
Chemistry, Oklahoma Slate VIIi·
vershy, Stillwater. Okla. 74074

9th Annual North American Ther-
mal Analysis Society Meeting

Holiday Inn City·Centre. Chicago. ScpL
23-26. 1979. Sessions will include In·
dll~trinlApplicnlionsofTtll'rmal Anol·
y~is. Theoretical Aspects of Tlwrmnl
Analysis. Hi~h·Pres.sllre nnd Combus­
tion Thermal Analysis. Applications of
Thrrmnl Anl.ll~·~is to Encr~yConservu­
tion. New Te(:hniqu('S and Instrul1lcntnl
Advall(.'l's, and Thermnl Analysis (If In­
oq,::anic. Or~lInic. and PolymN Systems.
Send 150-200·word abstracts by Mar. I.
1979. to: Inez M. Johnstun. Electro·
magnetic IndustriE"S. SqulIre U. Co.. P.O,
Bux 6·1411. CI"IIl",ater. Flu. :1:1518. For
more informat ion, (.'tlntact: Burbam L.
Fahricant. (;Iass Thermuchemistrv
H&D. Owcns·Corl1in~ Fiht.'r~IHs·s
T('chninll Cl'ntcr. P.O. Box -II!). Gran·
,·i1le. Ohio 4:lll2:1. (j 1·1·,.87 ·OHJ()

Meetings

tat ion of lip tn f\lur PDKC!'l inciudinK fiK­
lift'S. whirs, equutions. etc. All abstracL"
Dnd summuric!'l must rl'orh the Optical
Suciely uffice hy Apr. 20.1979. Authur.
will he nnlified whcthl'f pupers hove
\)('('11 l\cccptcd by MllY lB. Scmd pnpcrg
to: Opt i('ul Society (If America. Phl)­
tourollstic Spectroscopy MeclinK. 2000
L St., N.W.. #620, Wl\shin~lun, D.C.
200:lli. 202·29:1·1420

15th Benedetti-Pichler
Award Nominations

The American Microchemical Soci­
ety is inviting nominations for its 15th
annual Benedetti·Pichler Award. This
award is given in recognition of seryice
to microchemistry in its broadest
sense. including research. application.
administration. teaching. or other
means of promoting the advancement
of microchemistn'. The nominee n{'ed
not. he 8 member ~of the suciety. Nomi­
nations. stating the reason for nomi~

nation and citinJ: the "'ork of the nom~

inee, should be made in writing nnd
must be received by .June I. 1979.
Nominations and requests for further
information should he addressed to:
Lisa Hallquist•.J. T. Baker Chemical
Co.• 222 ned Schooll.ane, Phillips·
hurg. N../. 08865.

1980 Pittsburgh Applied
Analytical Chemistry
Award Nominations

This nward is sponsored by t hE' So­
ciety for Analytical Chemisls of Pills·
bUft.:h and consists of D $1000 honurar·
ium ~i\'("n annually fur an uutstundint.:
paper that was puhlished in the prt'\'i­
ous five years and had an important
impact i;,lhe field uf apl,lied analyti.
cal chemistr\'. He\'iew papers Rnd pa·
pers describing instrument ronstruc­
tion are not considered to fall within
the scope of this award. Pnpers pub·
lished hv members uf the SACI' nre
not elij{fble. Nominations for the
award may be made by anyone. in­
cluding the authors. Any paper pub­
lished between Jan. 1.1974. and Dec.
31.1978. is eligible and may be nomi·
nated by sending five copies of the
nominated paper, no later than June
15.1979, to: !\Ir. Robert !\Iainier, Kop·
pers Co.. Inc.. 440 Colle~e Park Drive.
Monroeville. Pa. 15146.

Photoacoustic Speclroscopy
Iowa State University. Ames. luwa. Au~.
1-3, 1979. Sponsmed by the Oplical
Society of America. Cuntrihuted IJaIK=rs
coverin~ original unpublished work un
the meetin~subjects will he 3C(,'cpled for
presentation. Session tfJpies willl.'over
sit-{nalthcory for various sample classes
and measurement cunditions. cXlwri·
melltnl method. for different types of
me&iuremcnts. and quantitative studie5
using the tcchnique to characterizc
various sample propertit.,; and proceSSL.....
Each author must suhmit a 2fj·wurd
abstract plus a summary of the presen·

Circle 177 for additional information
only
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COMPLETE
CATALOG
on request

Ion? VIG?
.~...

. or;'
, .-

For details, contact our Sales Deportment.

We've got'em all!
Whether you need on argon-krypton ion laser or a solid-state
loser, Control loser Corporation probably has a system to
match your scientific/laboratory requirements, For work in
the areas of photo­
coagulation, blood plasma
diagnostics, cauterization,
particle analysis, primary
pattern generation and the
like, our ion laser line offers
up to 20 W of output power
with primary lines in the blue
(488 nm) and the green
(514 nm). On the other hand, our cw, pulsed and Q-switched
losers are ideal for tasks such as aligning laser fusion
reactors, coherent anti-Stoke Roman spectroKopy, pollution
monitoring and bloodless surgery. To make your job even
easier, we will incorporate any of the lasers in to a laboratory
work station containing (optionally) positioning stages,
microscopes, cameras and the like.

--<?CONTRaL LABER~1-1<. )L( >l3EAM' LASER. IN< :. ................

11222 Astronaut Blvd.• Orlando. Florida 32809
305/851-2636

2. J and.·• ..,ft'lO()M
Every inert component i
you need to quickly
construcl any liquid or (. ~
gas flow system. '. '" \ ....-

o CHEMICALLY INERT

o ZERO DEAD VOLUME

\

0 LEAK TIGHT TO 500 PSI

o MATE PERFECTLY WITH
GLASS·METAL·PLASnC

Compatible wilh other
micro-plumbing compo­
nenls. Ihe Altex system
includes: Tees and

Crosses. Luer Adapters.
Couplings. Stainless-steel and
Glass Tube Adaplers. Plugs. Pipe
Connectors. TEFLON Tubing and
Flanging Tool.

Also ... a complete
line 01 liquid
Chromatography
Columns and
Sample Injection
Valves.,
IUJI!Illi

a4 Lincoln SlrMl • Btlghlon. MA 02135
HIO(HI25~ • TELEX 114'-7
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New MIDAN'· Microprocessor Data Analyzer
Enhances the Value of Data Generated by the

DW-2a ,. Spectrophotometer
Now you can expedite analyses of compounds in mix­

tures, correct baselines automatically. and perform other
complex calculations using the new MIDAN Micropro·
cessor Data Analyzer Accessory for our DW-2a Spectro·
photometer.

With AMINCO's DW·2a Spectrophotometer. small
sample differences can lead to new research territories in
UV·VIS spectrophotometry. Our painstaking improve·
ments in such parameters as photometric accuracy, sta·
bility. and system versatility extend your range of. sam·
pie investigations and lead to substantial increases in
overall system performance. And, the DW·2a Spectro·
photometer's built·in flexibility and wide variety of ca·
pability-expanding accessories - like the MIDAN Ana·
lyzer - ensure continuing adaptability to your special
applications needs.

mAMINCa
CJVeC)N Of TRMHOl L.ABOfW'OAES. N:. SMr Spowlg. Mel 2On)o~ 3Ot-SelH121
r ....~~"" .... Hwc....'-..Q:)(,.38 IV'..uY.......... Iko9......~W,~M~
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News

• EPA 011 Shale Sampling. Analy­
sla, and Quality Aaauranee Sym­
posium, Mar. 26-28. Denver. Con·
tact: Jeannelle King, Denver Re·
search Institute, Chemical Divi·
sian. Unioersity of Denver (Colora·
do Seminary), Denver, Colo. 80208

• Symposium on Electron Micros­
copy and X-Ray Applications to
Environmental and Occupational
Health Analyses, Apr. 23-25.
Aspen, Colo. Contact: Philip A.
Russell, Denver Research In.dilute,
University of Denver, Denver, Colo.
80208

• 3rd International Symposium on
Control oC SulCur and Other Gu­
caus Emissions. Apr. 24-26. Sal·
ford, UK. Contact: R. Hughes.
Dept. of Chemical En!:ineering,
University vf Salford, Salford, M5
4WT.UK

• 70th Annual Meeting oC the
American Oil Chemists' Society.
Apr. 29-May 3. Fairmont Hotel,
San Francisco. Contact: American
Oil Chemi..t.. ' Society, 508 S. Sixth
St., Champai!:n, Ill. 61820. 217·
359·2344

• New York Microscopical Society
Sessions. May 30-June I. Staller
Hilton Hotel, New York City. Con·
tact: Ted Rochow, 3008 Charwood
PI.. Raleigh, N.C. 27612

• 13th Annual ConCerenee on
Trace Substances in Environ­
mental Health. June 4-7. Universi·
ty of Missouri, Columbia. Contact:
D. D. Hemphill, Environmental
Trace Substances Research Center,
Rte.3, University of Missouri, Co·
lumbia, Mo. 65211

• XXI Colloquium Spcclroscopi­
cum Internationale/8th Interna­
tional ConCerence on Atomic
Spectroscopy. Jul. 1-6. University
of Cambridge, UK. Contact: The
Secretariat, At/suciation of Rritish
Spectroscopists, P.O. Hox 109,
Cambridge, CBl 2HY, UK

• AACC 31st National Meeting.
Jul. 15-20. New Orlean•. Contact:
AACC National Office, 1725 K St ..
N. W., Washington, D.C. 20006.
202·857-0717

• 1979 Symposium on In.trumenta­
tion and Control Cor Fos.il Ener­
gy Proeeases. Aug. 20-22. Denver
Marrioll, Denver. Topics include
two·phase interface level measure·
ment. on·line analysis nnd sam­
pling, now control system., alld reo
actor temperature measurement.
Cvntad: M. L. Holden, Director,
Conference Planning and Manage·
mellt, Argonne Nativnal Laborato·
ry, Bldg. 223, 9700 S. Cass Aoe., Ar·
1I0nne, Ill. 60439. 312·972·5585



Cifel. R••d.f Serrice No. 238

Pesticide Metabolite
Purification

Analyze PCBs
in Water

LC purifies trace
quantities of pest~

cide metabolites
from soil. Purified
metabolite is easily
collected for posi·
tive identification
by MS. IA. or other
techniques.

-..... -

A
ANALTECHToll F'H: 1-300-....1·7540. (In OE1302·737·6960

75 BLUE HEN DR .• P.O. BOX 7558. NEWARK. DE 19711

~=~!I
----_...,...-

•

Vislt us ~t th. PlltSbUf1"
• Conl.rence. Booths 1201-'

~ Waters
Tho liquid ChtolllOtOf/top/I, I'oopIe

Waters Associates, Inc.
Maple Street. Millard. lolA 01757

(617) 478-2000

Free Subscription

"Pesticide Notes"
keeps you updated
on new LC meth­
ods for agricultural

~"-rlIdi chemical analyses.
Free applications
literature is offered
In every issue.

Cifel. R••def S."ice No. 239

SEP-PAK Car·
tridges for rapid
sample preparation
allow direcl. 1000:1
concentration of
PCBs 'rom water
- at the sample
site.

C/rcl. RNd.r S.n/c. No. 2'0

Glenco Scientific Inc.
2802 While Oak
Houston. Texas 77007
(713) 861·9123
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o Diamelers from 6mm 10 lSOmm 10 . all available in stan·
dard lenglhs (l5cm 10 I5Ocm) "off the shell."

• Operating pressures 10 150 psi.
• Borosilicate glass constructton wilh polypropylene

Ihreaded collars and end plales.
• Aqueous and organic solvent systerr.s available. Entire

system autoclavable.
• Upper end plates wilh center inlet port and a side vent

port which can be used to bleed air and to layer on sample
wilh a long needle or lubing.

• Lower end plates with packing support of (10 micron)
mesh c10lh susl>ended over a woven grid and retained
with snap ring.

o I/S" or 1/16" Teflon Multi"1 connectors on each end plale
for easy connection with polyethylene or leflon tubing.

Send today for our complete 60 page catalog of
columns. fittings. valves. plungers. and accessories.

Uqud ChrOnlo1lDgr4()hy Spe-ci.lbS1S
aince 1962

Glenco 3400 & 3500 Series Liquid Chromatography Columns

THE CHROMATOGRAPHERS'
• CHOICE[£]
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• Inorganics in Research Quantities, as well as
in Production Quantities for Industry

News

• 5th Australian Symposium on
Analytical Chemistry. Aug. 20-24.
Perth, Western Australia. Contact:
&rry Codling, Anolytical Diuision,
Royal Australian Chemicollnsti­
tute, J() Plain St., Perth, Western
Australia 6000

• 27th IUPAC Congress. Aug. 27­
31. Helsinki, Finland. Contact: J.
Larinkari, P.O. Box 244, SF-00/31
Helsinki 13, Finland

• XIV European Congress on Mo- .
locular Spectroscopy. SepL 3-7.
FrankCurtlMain, Federal Republic

oC Germany. Contoet: Sec·t.\' Cen.,
EUCMOS 1979. Gesellschoft
Deutscher Chrmikrr, J. Wenden·
burg, P.O.B. 90 0440, D-6000
Frankfurt (Moin) 90. West Ge.,na­
ny

• Symposium on Atomic Spectros­
copy. Sept. 10-14. Tucson. Ariz.
Contort: J. O. Stoner. Dept. of
Physics, University of Arizono,
Tucson, Ariz. 85i21

• 9th North Amcrican Thermal
Analysis Society Meeting. Sept.
23-26. Holiday Inn City·Centre.

Chicago. COlltoct: Borbara L. Fo­
bricant, Glas~ 1'hernIOchemisiry
R&D. OWf?ns·Corninl: FiberRlass
Teehllieol Center, P.O. Box 415.
Grarwill,'. Ohio 43023. 614·587­
06/0

• 2nd Europcan Symposium on
Particle Characterization. Sept.
2·1-26. Nuremberg. West Germany.
Contact: Secretariat, NMA Nun.­
bf,.'r~l'r Afess('-und Ausstdlungs­
~es"lIschaftmbH. Mcs.<e:cntrum,
J) 8500 Nuremberg, West GermallY

• 23rd ORNL ConCerence on Ana­
lytical Chemistry in Energy
Technology. Oct. 9-11. Gatlinburg.
Tenn. CUlltact: IV. S. Lyon, Oak
Rid}!(' ,National Laburatory, P.O.
Hux X. Oak lIidge, 1"'1111, :J78:1O

• 3rd Symposium on Biologicall
Biomedical Applications oC Liq­
uid Chromatography. Ocl. 11-12.
Roston. CU1Ilorl: Cerald L. Hawk,
\Vala... A.oo;suC"ial('s, Alilfurd, A/ass.
01757

• ACS 15th Western Regional
lIIeeting.Oel. 17-19. North Holly.
wood. Calif. eOlllaet: J. qua~lirlU,

,;9·/J t.ub(l(J At,(", U'oudla1ld Hills,
Colif. 9136·1

• International Exhibition on lab­
oratory Technology, Analyses,
Procedures, and Automation in
Chemistry. Oct. 17-20. Gra". Aus­
tria. Cuntacl: Af('dia ('on ...ult
GmbH, KflflJ.:ft'sS(' und Au.'istellun­
J.:en, Cmu·rl1tio11.'i and Exhibitio11s,
Kiupstuckco.'ise J·I, Pustfach ·/0·/,
A-Ilil Vienna, Austria

• 1Sth Annual lIIeeling oC ASTM
Commillee 1'-19 on the Pracliee
oC Chromatography. Oel. 21-24.
Philadelphia. Crlll/arl: Tim Brod­
fe,\', ,','pt-,(·tra·/JhY.'ii('.'i, 2905 Stender
Way, Sallia Clara, Calif. 95051

AnENTION - Analysts & Research Personnel:
An extremely valuable, free service

with every order •••
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Short Courses

ACS CUUr.'iI'~·. For mort' infurmation,
nUltact: u,'portnH'nt of f:ducationaf
Adil'itit'... , Amai('{HI Chemicaf Sm:i·
"'y, 115.) Sixtf'r'lIth Sr .• N. w., Wash­
ill~I"'I, /J,e, 2111136. 2112-1172·4508

Carbon-13 NMH Speclroscopy
Cleveland ClOth Pillshllrgh Conrer­
e"ce). Mar. 2-·1. G. C. Levy and Paul
Ellis. $280. ACS memhers; $:1:10. non·
members

Capillary Gas Chromalography
Cleveland (:IOth I'illshllrgh Cunrer­
ence). Mar. :1-,1. S. P. Cram and Milos
Novotny. $250, ACS memhers; $:100,
JluJ1mcrnhcrs



3300 Serlos oleclton,c balanco Data Inpol Keyboard
5139500 Made In USA 525000 Made In U SA

THE INTELLIGENT
ELECTRONIC

BALANCE
...ONLY$1395.00

Scientech's new dual range
toploader has built-in
microprocessor controlled
data handling capabilities.
More than an electrOniC balance. Scienlech's new
3300 Series is a dala processing instrument that
can be programmed 10 perlorm a wide range of
complex weighing and data conversion functions
... automatically. quickly and repetitively.

An optional data Inpul keyboard is used to pre>­
gram the micropro=essor "brain" in the balance,
Ihen the balance does Ihe rest. The 3300 can store
data, convert it from one unit to another. count
parts and much mare. A variable integration time
feature assures accurate readings in hostile or un·
stable environments. And. since the balance does
Ihe "Ihinking". nol Ihe keyboard. one keyboard
can serve many balances.

Even if you don't presenlly need the data han­
dling capabilities of the 3300. you slill get a full­
featured toploader at a great price, For instance.
BCD oUlput is Slandard on the 3300. So is weigh­
ing in two ranges: (}'30.000g and (}'300.oog, instan­
laneous digital lare, clear LED display. all in a
compact and attractive case.

Only SClenlech can offer you an intelligent bal­
ance with Ihese features for $1395.00. Call or write
for descriptive literature.
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PRA's high intensity
pulsed light sources.

The PRA 610 m:crosecond pulsed light sources ofter
maximum versaillity for applications requiring high
ultraviolet Intensities.
• Discharge energy per pulse to 100 Joules
• Repelltlon rale 1 to 100 pps
• Spectral range 200 nm to 1200 nm with peak Intensities

InUV
• Various pulse widths 1.S·50p sec.
• Non magnetic lens aperture for ESRJNMR applications
• Carefully designed for minimized RFI
PRA manufactures pulsed light sources with a variety of
pufse widths end discharge energies and has people
with broad experience In optical systems design to
advise you.

JASCOINCORPORATED
218 Bay Street
Easton, Maryland 21601
(301) 822-1220

~-
~~~o\~~\\
\1,(1 &.~mp~~:~P~':8.t

~~ ~ • Easy pusllbllllon
operation

~~
~~ • Measures CD or PMa volnge on same chari

• Pholo (piezo) elastic modulator
JASCO Mooel J·5QO Speclropolanmeter measures CIrcular dlCtuocsm
Irom ellner 18010700 nm or 180 to 1000 nm With rugn resoluhOn.
e.ltreme senSlh",ty and excellent. fast scan speed. OphONI
allacnmenls make measurement ano aata processmg
exuemely SImple Mea. low temperature. nucra.
lCO anO SlOPped ,iaw accessories available.

CIRCLE I" 0>1 READER SERVlCf CARD

Photochemical Research
Aaaoclstes Inc.
45 Meg Drive. London. Onlario
Canada N6E 2V2
(519) 686·2950 Telex 064·7597
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and boIh priced pxI
enough for anybOdy
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News

Gas Chromatography-Mass Spec-
trometry

Cleveland (30th Pittsburgh Confer­
ence). Mar. 3-4. J. Q. Walker. M. T.
Jackson. and M.P.T. Bradley. $250,
ACS members; $300. nonmembers

Maintaining and Troubleshooting
Chromatographic S}'Stems Work­
shop

Cleveland (30th Pittsburgh Confer·
ence). Mar. 3-4. J. Q. Walker. M. T.
Jackson, and M.P.T. Bradley. 8250.
ACS members; $300. nonmembers

BOlh LC units employ rugged. modular
GQW·MAC der.ign (or reliable operalion.
The ba!loic ModcI80·S00 offen. pulsele~!Io.

solvent dcli\'cf)' with a con!llanl prc~!<Url:

pump (300 ml capacit)' 10 1000 psi). a
modular design for uniform manual injce·
lions. column holder. complcle yt'ith 20
micron Silica Gel column. and reli;,.blc 254
nm. lo~' volume (8 Ill) UV deteelor. Only
51"0.

The high-performance Mudel 80-600
offers a confinuous wlvent deli\'ery !Io)'!Iolem
wilh constanl volume. vitriablc now·r.ale~

from O..s cm'min" -5cmJ min" wilha low
dead volume damping sVMern, Pressures
go 103000 psLFor highly reprnducible in­
jecl;ons, .six-pon rOlary valve. modularly
dc5igncd iDIO column Olnd dcleclor s)'slem.

Systems Engineering in the Analyt-
ical Laboratory

Cleveland (30th Pittshur~hConfer­
ence). Mar. 3-4. Tomlls Hirschfeld.
8215. ACS members; 8255. nonmem­
bers

Thin-Layer Chromatoltraphy
Cle"eland (:10th Pittshurgh Cunfer­
encel. Mar. 3-4. V. IV. Hodwell and D.
J. McNamara. $215. ACS 111(,l11h«"I1>;
$255. nonmembers

Solving Problems with Modern

Model No. 80-000

The 80·600 ha~ 3 10 micron Silka Gel
column and a 254 nm. lo\/" \'ulumc 1M J.l.l)
UV detector. S3245.

Olher t1eteclOrlo. ,:ulumn!lo anti at.:t:C!Ioloori.:!lo
arc aV3ilablc. In .addition. each unil \hip·
ped "urne!> with a u!locful huok:. Elemcnlar)'
Thear)' of Li~uitl ChrlJl1law~raph)' wilh
Bibliograph)' anti E\pcrilllcnl!lo. f(l( fUrl her
informalion. inquire.

G~
GOW-MAC INSTRUMENT CO.

P,O. Box 32, Bound Brook, NJ 08805
Telephone: 201/560-0600

Shannon Fr~ Airport, Co. Clare, Ireland
Telephone: 61632 Telex: 6254

Liquid Chromatography
Cleveland (:IOth Pittsbur~h Confer­
ence). Mar. 9-11. J. J. Kirkland and L.
H. Snyder. $230. ACS members; $280.
nonmembers

Gas Chromatography, Theory and
Practice

. Rlacksburg. Va. Mar. 12-15. Sept.
24-27. Harold M. McNair. $425, ACS
memhers; 8485. nonmembers

Microproccsson and Minicomput·
ers-Interfacing and Applica­
tions

B1ncksburll. VII. Mllr. 18-23. ,June
10-10, Sepl. 2:1-28. Dec. 9-14. R. E.
Dessy and the Chemistry Dept. In­
strument and Desi~n Group of
VI'I&SU. 8455. ACS memhers; $515,
nonmembers

Fla"or Research Workshop
Honolulu. Hawaii (ACS/CSJ Chemi­
cnl Conference). Mar. 29-30. Roy Ter­
anishi. R. A. Fillth. and J. Sugisnwa.
8200. ACS members; 5240, nonmem­
bers

Planning for Slife Laboratory Han-
dling of lIi.:hly Toxic Chemicals

Honololu. Hawaii (ACS/CSJ Chemi­
cal Conferencel. Mar. :IO-A(lr. I. N. V.
Steere and Mllurice Golden. 8295.
ACS members; 5340. nonmembers

Modern Techniques in Gas Chro-
mato.:raphy

Honolulu, Hawaii (ACS/CSJ Chemi­
cnl Conference). Mar. 31-Apr. I. H.
M. McNair lind S. P. Cram. 8225. ACS
members; $265, nonmembers

Solving Problems with lIIodern
Liquid Chromat0ltraphy

Honolulu. Hawaii (ACS/CSJ Chemi­
cal Conference). Mar. :l1-Apr. I. J. J.
Kirklllnd and L. R. Snyder. 5245. ACS
memhers; $290, nonmembers

Toxicology for Chemists
Chica~o. Muy 22-24. Morris Joseluw.
$·U~.i. ACS memhers; $555. nonmem­
hers

Safety and Health for Academic
Chemistry Laboratories

Chicago. ,June 2-:i. Nurman V. Stl>ere.
SJ :10, ACS members and nonmembers

Liquid Chromatography, Theory
and Practiee

B1nckshurK. Va. June 4-7. Dec. 10-1:1.
Hnrold M. McNair. 5450. ACS mem­
hers; $510. nunmemhers

Multinuclear NMIt Spectroscopy
Los Anllelcs, .June 7-9; 'I'lIl1ahlls••e,
Fla.• ,Iune 14-16. GeorKe C. Levy.
$2U5, ACS memher.; $:140. nonmem·
hers

208A • ANALYTICAl Ct£MISTRY. VOL. 51. NO.2, FEBRUARY 1979



naw. make gas phase mIibratians
with nBS-tramable mrtailty

To get accurate, useful outputs
from your gas analyzer or chromato­
graph, precise calibration is critical.
So when you do calibrate, use the
most accurate instrument available
-the Metronics Dynacalibrator. It
delivers accurate and precise gas
concentrations ranging from 0.0001
ppm to over 1000 ppm. As a result,
you can use it to get NBS-traceable
calibrations of almost any instru­
ment-in the lab or in the field.

Further, since calibration is our
only business, you get an instrument
that is coldly objective and easy to
use. It's also competitively priced.
Yet, it has features no other
calibrator can match:
• Self contained design, no need for

gas cylinders and related
apparatus

• Oven control within:!: .0soC,
NBS traceable

• Oven temperatures variable to
50°C, 110°C optional

• Flow calibrated and stable to
within:!: 1% (full scale) or :!: 3%
(low scale) for each reading.

• Our own disposable, calibrated
permeation devices, certifications
traceable to NBS standards. Avail­
able for hundreds of gases.

• All controls and indicators logically
grouped on front panel for fast,
error free operation

• Fast, easy device change or
replacement via front panel

• Continuous, unallended automatic
or remotely controlled operation

• Dynamic gas concentration ranges
of 60:1
CIRCLE 136 ON RfAOER SERVICE CARD

• Optional, "in-transit" maintenance
of purge and temperature

It all adds up to calibrations that are
above suspicion-your best protec­
tion against cosily measurement
errors. Three models meet every
requirement. For detailed literature
and a demonstration, call or write
today. Metronics, 2991 Corvin Drive,
Santa Clara. CA 95051.
Phone: (408) 737-{)S5O
Telex: 35-2129

SEE A DEMONSTRATION AT THE
PITTSBURGH CONFERENCE,
BOOTH 1936-1937.

CIRCLE 171 ON READER SERVICE CARD
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For Oxygen Combustion

For Acid Digestion

For Alkaline Fusion

Standard procedures for sulfur and halogens de­
pend upon Parr oxygen or peroxide combustion
bombs for oxidizing solid or liquid samples rap­
idly with complete recovery of alt combustion
products; while Parr digestidn and fusion bombs
give the analyst several effective systems for dis­
solving silicates, ores and other difficult materials
In strong acids or alkalis without losing trace
constituents. For details, write or phone: Parr
Instrument Company, Moline, Illinois 61265.
3091762·7716

BOMBSPARR@
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News

Laboratory Safety: Recognition
and Management of Hazards

Washingwn, D.C. (I78th ACS Nation­
al Meeting). SepL 7-9. N. V. Steere
and Maurice Golden. 5295, ACS mem­
bers; $340, nonmembers

Experimental Design of Experi-
ments

Philadelphia (FACSS Meeting). Sept.
14-16. John Hromi. 5295, ACS mem­
bers; $340, nonmembers

High-Pressure Liquid Chromatog-
raphy Apparatus Workshop

Philadelphia (FACSS Meeting). Sept.
15-16. David H. Freeman. 5250, ACS
members: 5300, nonmembers

Laboratory Automation: Micro a
,

Mini-, or Midicomputers?
Philadclphia (FACSS Meeting). Sept.
15-16. R. E. Dessy and the Chemistry
Dept.. Instrument and D~sign Group
of VPI&SU. $225, ACS members:
5265, nonmembers

Basic GC/MS/DS
Cincinnati. Feb. 12-16, Apr. 9-1:1. Q.
Thomas. $625. Contact: Ann Woolley,
Finnigan Institute, 11750 Chesterdale
Rd., Bldg. #5, Cincinnati, Ohio
45246. 513-772-5500

Analysis of Organic Compound. in
Water (Part I)

Cincinnati. Feb. 19-2:1. H. Folt7- and
D. Lin. $750. Con/act: Ann Woolley,
Finni~nn Institute. 11750 Chcsl~rdRle

Rd., Bldg. #5, Cincinnati, Ohio
45246. SI:1-772·55oo

Atomic Absorption Spcctropho­
tometry: Basic Concepts and
Techniques

Cincinnati. Feb. 19-2:1, Mar. 26-30,
Apr. 23-27. A. Knott or W. Stelwr.
$625. Contact: Ann \Voolley, Finnigan
Institute, 117,,0 ChestNdale Rd ..
Bldg. #5, Cincinnati, Ohio 4S246.
SI3·772·S5OO

Fundamentals of Industrial Hy-
giene

Pittsburgh. Mar. 6--8. $185, IHFI
AIHA members: 5245, nonmembers.
Contacl: George Reilly, Industrial
Health Foundation. fl231 Centre Ave.,
Pittshurgh, Po. 152:12.412-687-2100

Procedures for Sample Prepara-
tion and Cleanup

Cleveland. Mar. i. Gi\'en in conjunc­
tion with the Pittsburgh Conference.
Contact: Dpxter Hogers. Konlcs. P.O.
R". 729, Spruce St., Vineland, N.J.
08:lf>0

Audiovisual Short Course on Liq-
uid Chromatography

Cleveland. Mar. 7. Given in cunjunc­
tion with the PjIL~hur~hConferclu'e.
Cuntacl: Howard J. Sinane, SAVANT,
1'.0. Box :1670, Fullerton, Calif. 92634.
714-870-7880

Audiovisual Shorl Course on Atom-
ic Absorption

Cleveland. Mar. 7. Given in conjunc·
tion with the Pittshurgh Conference.
Crmlarl: Howard J. Sloane, SAVANT,
P.O. Box :J670, Fullerton, Calif. 92634.
714 ·870·7880

Cbemieal Derivatization for Chro­
matography and Ma•• Speetrom­
etry

Cincinnati. Mar. 7-9. M. Quilliam,
$400. Contact: Ann Woolley, Finnigan
Institute, 11700 Cheslerdale Rd.,
Bldg. # S, Cincinnati, Ohio 45246,
&13·772-5SOO
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News

NMR Interpretation: Proton &:
Carbon-13

Cincinnati. Mar. 12-15. D. Traficante.
$«0. Contact: Ann Woolley, Finnigan
Institute, 11750 Chesterdale Rd.,
Bldg. # 5, Cincinnati, Ohio 45246.
513-772-5500

Problem Solving by GC/MS/DS
Cincinnati. Mar. 12-16. Q. Thomas
and G. Vander Velde. 5625. Contact:
Ann Woolley, Finnigan Institute,
11750 Chesterdwe Rd., Bldg. #5, Cin·
cinnati, Ohio 45246. 513-772-5500

Problem Solving by Chromatogra-
phy: HPLC and GC

Cincinnati. Mar. 19-23, Apr. 23-27.
W. Averill. $625. Contact: Ann Wool­
ley, Finnigan Institute, 11750 Chest­
erdwe Rd_, Bldg. # 5, Cincinnati, Ohio
45246.513-772-5500

Interpretation of Mass SpccLra
New Orleans. Mar. 26-28. Fred Mac­
Lafferty. $400. Contact: Bud Bromley,
P.O. Box 1449, Kenner, La. 70062

Basic Mass Spcctraiinterpretation
(Part II)

Honolulu, Hawaii. Mar. 28-30. D. De
Jongh. $300. Contact: Ann Woolley,

Finnigan Institute, 11750 Chesterdale
Rd., Bldg. #5, Cincinnati, Ohio
45246. 513·7i2·5500

Forensic & Clinical Toxicology
Cincinnati. Apr. 2-6. B. Finkle. 5625.
Contort: Ann Woolley, Finnigan Insti·
tute, 11750 Chestordale Rd.. Bldg.
#5, Cincinnati. Ohio 45246. 513-772­
5500

Mass Spectral Interpretation: AI"
plications

Honolulu. Hawaii. Apr. 6-7. D. Dc
Jongh. $220. Contact: Ann Woolley.
Finnigan Institute. 11750 Chesterdale
Rd., Bldg. #5, Cincinnati, Ohio
45246.513-772-5500

IR Interpretation
New York City. Apr. 1&-20. H. Sloane.
$.130. Contart: Ann Woolley, Finnigan
Institute, 11750 Chesterdale Rd..
Bldg. #5, Cincinnati. Ohio 45246.
513-772-5500

Analytical Pyrolysis
Cincinnati. Apr. 18-20. R. Le,·y. 5375.
Contact: Ann \\'oolley, Finnigan Insti­
tute. II 750 Chesterdale Rd.. Bld~.
#5, Cincinnati, Ohio 45246. 513-772­
5500

Metabolism & Pharmaeokinetieo:
Quantitative & Qualitative Anal­
ysis

Cincinnati. Apr. 30-May 4. W. Braun.
$62[,. Contart: Ann Woolley, FinniKan
Institute, 11750 Chesterdale Hd.,
Bldg. #5, Cincinnati, Ohio 45246.
513-772·5500

X-Ray Spectrometry
Stote Uni"e",itv of New York at Alha­
ny. Alhany, N.Y. June 4-15. $.';()(),une
wf.\ck; $950, two weeks. CUlJtae:t:
Henry Chessin, Stote Unive",ity of
New York at Alhany. Dept. of Physics.
1400 WlL,hington Ave., Alhany, N.Y.
12222.518-457-8:139

Industrial Fally Acids
Philadelphia. June 10-13. $28.'>. ('on­
tart: Fatly Acids Shnrt Course, Amor­
ican Oil Ghemist.' Society, 508 S.
Sixth St .. Champaign. III: 61820

X-Hay Powder Diffraction
Stille Univcrsitv of New Yurk nt Alha­
ny, Alhany, N. \'..June 18-29. $500.
one week; $950. h\'O weeks. ('mrlocl:
Henry Ches!"in, State University of
New 'irirk III Alhnny. Dept. of Physics.
1400 \VashinJ,:"ton Ave.. Albany, N.Y.
12222. 518..157-8:139

Fiber analysis
Convenient and reproducible

~

~e~·

Fibertec - a 'ThcalDr invention ­
detennines the content of fiber and
related parameters in food or feed
efficiently and conveniently.
Extntction and filtering is perfonned
aabe8&oe Cree in place in the unit. No
haDdIlDg or transrer oribe sample,

even during a sequential extraction lD
detennine cclluloac. hemicellulose,
lignin or other subfractions of the
lDta) fiber.
You choose the method yourself. Crude
Fiber, Weende, Van &est NDF or
ADF. Fibertec can handle them all!
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Flbertec is avoilable in severol models
and in different price conges.

~tecator
2200 Central Avenue. Boulder,Colorodo80301
Phone: 13031 4439245
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RIGAKU'S OUTSTANDING NEW

AUTOMATED X·RAY SPECTROMETER

ENGINEERED FOR MAXIMUM

• PERFORMANCE

• CAPABILITY

• VERSATILITY

• FLEXABILITY

The Microprocessor conlrolled Automated X-Ray
Spectrometer System that provides unmatched
performance and versatility in seQuential X-Ray
Fluorescence Instrumentation.

• Sensitivity and Stability ... End Window Rho­
dium Tube plus exciting new design concepts
provide performance unsurpassed in the field.

• Versatility and Automation ... A new, more
sophisticated Microprocessor with Random
Access Memory increases instrument capa­
bilities while retaining all the advantages of
human-engineered ease 01 operalion.

mWe care about technology,
that makes the difference!

• Computer In\<.nacing in minutes to any DEC' I
'family computer. Built-in Serial Line Interface
is provided as standard eQuipment.

• Minicomputer Data Processing ... A new and
improved Software Package utilizing either a
RT-" or RSX-, I Operating System for
comprehensive data analysis.

• 24 and' 08 Sample Changers available for
unattended operation.

Rigaku's S-MAX has been designed by an out­
standing team of engineers who understand the
needs of their fellow professionals and insist
upon uncompromising excellence,

Aigak... inc.
3 Electronics Avenue, Olnvers. Masuctlu'etls 0'923. U.S.A.
Phon.: (8171 717·2006
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News

Caplllary Ga. Chromatography
Lausanne, Switzerland. Sept. 21-22.
Con/oct: A. Ziatkis, Chemistry Dept.,
University of Houston, Houston, Tex.
7;004

High-Performance Llqilid Chro-
matography

Lausanne, Switzerland. Sept. 21-22.
COII/acI: A. Ziatkis, Chemistry Dept.,
University of Houston, Houston. Tex.
i7004

Gas Chromatography/Mass Spec-
trometry

Lausanne, Switzerland. Sept. 21-22.
COlllacl: A. Ziatkis. Chemistry Dept.,
Uni\'crsily of Houston. Houston. Tex.
770tH

High-Performance Thin-Layer
Chromatography

l.ausanne. Switzerland. Sept. 21-22.
Conlael: A. Ziatkis. Chemistry Dept..
University of Houston. Houston. Tex.
77oo~. 713·7~9·2623

For Your Information

The heads of four Federal regulatory
agencies, EPA. FDA. OSHA. and the
Consumer Product SafelY Commis­
siun. have asked the Civil Service
Commission chairman Alan K. Camp­
bell to create a new Federal job classi·
fication for toxicologists. The agen­
cies, all of whom regulate toxic sub·
stances, find it difficuilio recruit toxi­
colo~ists since Federal civil service
registers do not list such on occupa­
tion. Agency ufficials estimate that the
Federal Government will need about
2000 toxicolugists by 1985, but the
number now employed is uncertain
sinet:" identification is 8 problem.

Members uf the Landon-based
Chemical Society and the Royal In­
stitute of Chemistry have vuted to
merge. The new organizalion muy be
named the Ruyal Society of Chemistry
and is expeCled lu begin operating in
1980 with a memuershi,> uf sume
40000. The merger will lead to sinRle
control of the two complementary
funclions of the exisling organizaliuns:
the learned society, und lhe profes·
sional and qualifying institute.

BerghortAmerica h.. muved its 01"
erations to 2 Chester Rood, Derry,
N.H. 03038 (603·434·8688), according
to Shirley Boker, managing director.
The company manufactures and dis·
triuutes "TFE Tenon labware and lou
equipment.



P.O. BOX 102e

ANN ARBOR. MICHIGAN
calll6

DYNA·CATH, Magnetic Mercury
Cathode, Cat. 1510. For rapid separ·
ation of metals. For example, analysis
of aluminum in zinc·base alloys. For
115v, 50/60 Hz...with platinum
electrodes. . . . . . . . . . . . .. SZ500.00

ELECTRO·ANALYZER, Cat. 1000.
For simultaneous or indrvidual deter·
mination of copper, lead, zinc, nickel,
iJntimony. cadmium by electrCHieposi­
tion. For 115/23Ov, 50/60 Hz...
without electrodes. . . . . . .. S15Z5.00

ULTRA·SPEED ELECTRO­
ANALYZER, Cat. 1250. For high
speed determinations of copper and
lead by electro-<leposition. Deposits 1
gram of copper in B minutes. Single
position instrument. For 115v, SOl
60 Hz...without electrodes S1690.00

ELECTRO·ANALYTICAL
APPARATUS

560 so. BROADWAY. HICKSVILLE. II.Y. 11111 • 1516) 93t.nn
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See us 011 the Pittsburgh Conference. Booth ::314 CIRCtE 7S ON READER SERViCE ORO

Alta offers tho most complete Ime 01 atomic
absorpllon standards avaIlable lor lruce mel!!1
analyses-al new, lower PflCes. And shIpment IS
guaranteed within 24 hOurs.

Included ore standard solutions of 1000 ppm 01
motallnnn aquoousmatrix.8swell a~o~a-:,ometallic

SI~~~,~dSC:::; Ur~'d~~ h:~O~9~~~~~~; mot.
In'onnllion on Alta', AA Standards.
Alia DivIsion, Venlron Corporation,
152 Andover Street. Danvers, An
Massachuselts01923 a
l~m~~~

DIVlliDI Of V(IUDI CORflQlA1101
CIRCLE 233 ON READER 5ERVICE CARO

For perfect
solutions...

specifyAlfa
All Standards



The JCPDS-International Centre
for Diffraction Data, in cooperation
with NIH and EPA. annuunces on in­
teraclive senrch system based upun its
tile uf o\'er :1:1 000 powder diffruction
patterns. The Puwder Diffraclinn
Search Match System is a\'ailable fur
use as a comlxment of the NIH-EPA
Chemical Information System un a
('ost -recoven· basis. Sean:hes nrc
billt.'d on an 'elapsed-time basis und
cust bCt\,·een 55.00 and S20. Fur fur­
ther information, contact the ,JCPDS
at 215·:128·9400 or the CIS at llOO·
(;45·11:12.

Neutron Activation Analysis is of­
ft'red as a ('ontractural service bv the
Nuclear Anal,·tical Ser\'ices 1..nI~r8tu.
ry of Science Applications, Inc. The
scope of the laboratory's service capa·
hilities includes preirradiation chem­
istry. radiochemical separations.
methudolugy de,·elupment, and com·
puter-has(·d data reduction and report
furmat. Further details on the compa·
ny's Neutron Acti\'atiun Analysis ser­
,·ices nrc a\'ailable from: Dr. Vic Or·
phan, SAl Technolo~yCo., 4060 Sor·
rento Valley Blvd., San Die~o, Calif.
92121.

Garland Way Advertising, Inc" has
been appointed the advertisin~agency
for Leybold·Heraeus Vacuum Prod·
ucts Inc., Monroeville, PRo Leybold·
Heraeus is a supplier of vacuum com­
ponents and systems for industrial
proccssinK and research and develop­
ment.

Elsevier Scientific Publishin", Co. nn·
nounces the forthcomin~puhlicatiun
of the Journal of Analytical and
Applied Pyrolysis, edited by Ii. I.. C.
Meuzelaar and H. R. Schulten. Sub·
scription price is $70.75. A free sample
copy is availahle on request frum Else·
vier Scientific Publishing Co., P.O.
Box :1:10, 1000 AH Amsterdam, The
Netherlands.

Lake Shore Cryotronics, Inc., an­
nounces the availahility of a new M..'r­
vice fur measurement of therl11u1 prop­
erties of materials, specific heut and
thermal cunductivity. in the measure·
ment range of 2-~1O K, with an uncer­
tainty of methlKlless than ±5tK,. Men·
surements arc performed in un udia­
!Julic calorimeter, allli all dall1ure rcf·
erenced tu thermurnelcr stnllllllrds.
calibrated to II'TS·68anu EP'I'·76.
Samples supplied for meusurcments
shuuld he in the form of disks ;y~ in. in
diameter hy 1/.. in. thick fur specific
heat and '/. X 'I. X 1'/. in. for thermal
conductivity. For complete details, rc­
quest technical dutu SH-TC from

'Vhatman Inc., announces the estab­
lishment of a toll·free telephone line
for its HPLC customers to discuss
problems with Whatman experts. The
technical staff, selected and trained to
assist users of \\Thatman Partisil col·
umns and other HPLC products, has
8rcess to computer data banks and ap­
plications laboratories. The toll-free
number is 8OO·6:11·7290.

A newly produced film, 1I'1Ial About
Tomorrow?, explores the history of
basic research 8S well as h>doy's scien­
tific endeavors and the people search­
ing for new knowlt"dge. Research top­
ics include use of high·altitude bal·
loons to measure ozone in the strato­
sphere. how n tiny fern com'eets nitro­
gen from air into fertilizers for crups.
and the use of lasers in chemist.ry. The
film is available on free loan from:
Modern Talking Pictures Service.
2323 Hyde Park Hd., New Hyde Park,
N.Y. 11040.

News

Sad tier Research Laboratories. Inc..
has published a brochure that de·
scribes and illustrates its High Reso­
lution Evaluated Quantitath'e In­
frared Spectra Collection. Each
compound in the collection is repre­
sented by two spectra; both are plut­
ted linear in percent transmittance
and in absorbance. Spectra are pre­
pared in solution at two wa\'enumber
resolution o'·er the ran~e of ·WOO-WO
cm- I , and are in accord with the Class
II guidelines established by the Cob·
lentz Society. For a cop)' of the 8·page
brochure or more information on this
collection, contact Sadtler Research
Laboratories, Inc., 3316 Spring Gar·
den Sl., Philadelphia, Pa. 19104 (215·
382·7800).

RoCin, Ltd., Surrey, England, an·
nounces the establishment of a subsid·
iary, Rofin, Inc., Newton Upper Falls,
Mass., to handle sales, service. ware·
housing, and distribution of the firm's
line of electro·optics products in the
U.S.

~
EXAC™5000
Computer-Based
Energy Dispersive
XRFSystems

Buill to perform reliably
in the toughest industrial
environments ... and to
satisfy demanding
research requirements

• Unique, down-looking, detector - x-ray
tube geometry

analyze fragile briquettes, powders,
and liquids conveniently I precisely,
and without danger of system
conamination
high..angle, detector x-ray tube
geometry maximizes a...,alytica1
sensitivity

• Uniquely flexible. computer-based
system

complete library of qualitative
(QUALEXTM) and quantitative
(EXAC) analyw programs
the system can be programmed to
suit individual user requirements in
NEe BASIC 11 (The Spectroscopy
Language of Today)

• Computer controlled "Intelligent"
sample changer maximius throughput

Nuclear Equipment Corporation
963 Industrial Road
San Carlos, California 94070
Phone: (415) 591-8203

1ne~e"'..·
See Us At Booth 810
"Pittsburgh 79"

UResearch Needs and Instrumental
Requirements in Catalysis," pub.
lished by the National Science Foun.
dation's Division of Engineering, pre­
sents the results of a workshop held at
the University of Maryland June 22­
23. This report includes sections on
catalysis by metals and nonmetals, the
applications of spectroscopic tech·
niques, and support of fundamental
research in catalysis. Free copies may
be obtained by writing to Marshall M.
Lih, Engineering Chemistry and Ener-

79/04 getics Section, NSF, 1800 G Sl., N.W.,
'- " Washington, D.C. 20550.
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10 years ago it was the best
analytical lab balance around.

2500 units later, theTorbal EA-l still is.

THE TORSION BALANCE COMPANY
Main OU,ce and Faclory: Chiton, N.J. 07012
Sales OltlCes' Chicago, IL, Temple City, CA

••

Write for illustrated brochure or a
demonstration.
(And look for us
at the Pittsburgh
Conference,
Booth 402,
March 5th to 9th.)

What makes Torbal
the best?
• Friction-free torsion design.
• Electronic null Indicator for

fool-proof readouts.
• Large, easy-to-read digital

readouts to 159.9999 grams.
• Accuracy to 0.1 mg without

vernier or micrometer
readings.

• 8 to 10 grams of infinitely
variable dial-in-tare (with
extended tare options to 208
grams).

• No knlfe-edges-no "beam
arrest" required.

Now save as much as
$1000 over copy-cat imports.
The EA-l 's combination of un­
compromising Quality and repair­
free operation has always pro­
Vided for InexpenSive, long-run
operation. And right now. thanks
to dollar fluctuations. It will cost
you a lot less than a copy-cat
import.

We'd like you to see the EA-1.
Unfortunately, Size, weight and
sel-up time present some dill,­
cuilies for your distributor sales­
man. So drop us a line and tell us
where you are, We'll introduce
you to a Torbal user in your area
for a hands-on demo.

TORSAL

The "All-American" Balance
Torbal EA-l has been In conllnu­
ous production Since 1968.
Almost every one made ,n lhose
ten years IS stili In service, and
most with never a service call.

What makes the Torbal so dur­
able-so special-for laboratory
use IS ItS fnctlon-free torSion
design. There's no damage­
prone knife edge 10 wear, or
need replacement. Which IS why
the Swiss and German makers
are now switching to torsion
suspension In their balances_
At Torbal we've been bUilding
torsion suspensions for over 80
years.

Unmatched reliability
and Quality.
Every Torbal balance IS "new
generation", combining the
Quality and the reliability of a non­
fallguing torsion band.
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Imasine!
An automated

continuous 'low
industrial analyzer 'or
under $6500.
1111,.' j'_\:)~' I.lUf C~~\ :'00 ~·.dl r1 u ~\l)r\ t ~uqHI:,I.· \'(ll! WI,.'

~HtXlu;;c ~'.1':1 C\'l'r 200 pluC) I f\ ,m,di'IIC.11 C.H lr"j(lt'~ 'uI
tt~,_· CF ..... 200:u tl,1:1[~:I.'!h...' \t,.'ri-~lmL·,I":0m;lh..·<1Cl.-'kHI
l~k':r C ','.l:: (' rlt:'~~ Cd: ,:1 OCt.:Ollrl'~ i ~lll 11..'\.'1 C0ml,.JrLI!Jie

~··,:~~c: "~Ir eFt. 200 A:l,lli:L'r \'•• IS ~k:'lqnL',j ILlr Ill,hlS ~~~-~ I

lr:'~I':~:;ll:;J:L~~;:;~~:~:f (~~~I~. ~;;lll~~;)I~~~,::,~I~\~:~' .1I1(j!~.1 ~,!l,IP 1(1 ~ r:r2
1ll,l:i1!,11:1 Ibllll:(j'Il'prl~mllP1IC~lmpr().\'l~~'lJ,,():onlL'trICC-~~tIi' \
,h:::Cl;1 ;JCi 1:~. pr v,111911L'd 1I0.\cl.-'ll ~ sLIJ If' .1110 oul 1'1 •

:,t'C0:lej' t.,,{~ II ',<',1 11l~d 9ft.';1IL'f SL':1sI11\"lly "\1..' ,\111
L'~ll·~ \C.:I CF .... :'OO \.. Jrl Ilo,'.Ct.'!!S LIP 10 ';'5mlll

t..:~O ,1..':: (jl'I.'ll L'.1~;1--10rl'.ldc1:qll.llrc.•d;JLJ: An(j
pr ,I;:!'C.II:', .1:1\ ~;I.l'l(LI·d ch,Hi I L'C,J:Cler pill\j:)ln \.. Ilcrl

i'l1U need r1,lrd COIl~ . ,_

Ali ttll:; D:1C",H.ll'(! tll.l ~11HJle nllJ9L'd cump.-)Cl C;ISL'
~'OLJ c.m m0lit~ ho,Jlll tile 1.1t) to the uldnt 10 the field

CFA 200~ltlL' rL'S~ Imlc""· v.el ••n,IIVlcr from SClcrHlhc Instruntents Corporation

r:~_,re ,r, ,:'l ,m(::l! Il).;)r C St.:r ~ ICC lor IC~·~ nlO:h.'\' \.,''f lIe lor free det"lls

sc entl-f;'c~ INSTRUMENTS
... .&; CORPORATION

25 Broadway, Pleasantville, NY 10570' Phone: (914) 769·5700

SEE US AT THE PITTSBURGH CONFERENCE, BOOTH N1550-52
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The linleChem/Meter:
big on cecurac)!

Take a look at all the outstanding features
In our Series 20 ChemlMeter hydraulic
diaphragm metering pump:

Metering accuracy withm =- 1%.
Steady. contInuous feedmg of clear
fluids.
Capacities of 14.7 MUm;n.
Pressures to 1500 pSI.
Zero to !()()%capacity adjustment
while operating.
Totally enclosed, leakproof design.
wetted parts made of corrosive
resistant stainless steel with sapphire
ball·seats and teflon diaphragms.
Measures only lO!t)" x 5" x 3XO...

The Series 20 Chern/Meter is ideal for
machinery that requires the injection of
precisely measured liquids. These include
plastics. pharmaceuticals, chemical
process. foods. beverages and fertilizers.

For larger measuring requirements from
23 to 3024 MUmin we have the Senes
200 Chern/Meter. You can get all the de·
tails on the reliable Chern/Meter line by
calling or writing Crane Co., Chempump
Division, Warrington. Pa. 18976.

ICRANEJCHEMPUMP

News

Lake Shore Cryotronics. Inc" 64 East
Walnut St., Westerville. Ohio 43081
(614-891·2243),

Science Media announces an instruc­
tional program entitled "The Identifi·
cation of Polymer Additives by In·
frared Spectroscopy." Authored by
Richard Nyquist of Dow Chemical
Co., this is the second program in a
new series (developed in a cooperative
effort with the Coblentz Society) de·
voted to the interpretation of IR spec·
tra of specific c1....es of compounds.
Program materials consist of an audio
taped lecture on cassette, workbook,
problem spectra booklet, and text.
Price is $45. Contact. Science Media,
P.O. Box 910. Boca Raton. Fla. 33432.

Lab-Line Instruments, Inc~ in­
stalled the Centrex System effective
Dec. 4, 1978. Their new main number
is 312·450·2600 or 312·LAB·L1NE.

Astra Scientific International Inc.,
announces its appointment as the ex­
clusive U.S. representlltive for Solea­
Tacussel. a manufacturer of electro­
chemical instrumentlltion located in
France. For more information contact:
Astra Scientific International, Inc.,
P.O. Box 2004, Santa Clara, Calif.
(408·244-9767).

Science Media, a division of J. Huley
Associates, Inc., has expanded the
utilit)' of its spectra interpretation
courses by offering a revised edition.
Currentl)' in use in over 500 higher
level academic institutions, subjects
include the interpretlltion of infrared,
NMR (proton and C·13), m.....
Raman, and electron spin resonance
speclra. Newly adapted materials con·
sist of seven audio cassettes, work·
books, and explanalory notes. The
complete series is priced at $175.

ANAl..YTK:Al.. Ct£MIsmv Is pk!ased
10 announce the availability ot a com­
bined reprint containing the 50th An­
niversary Symposium contrlbuloos
presented el Miami Beach In Sep­
tember 1978 and published In the
November and Decembet' 1978
Issues of the JOU\NAL The 42-page

reprint also contains Professor La"
tlnen's edllo<l8ls from Nov. and Dec.
and the Repor1 on edltOl'l81 staffing
over the 50-year period. FOI' your
copy, send $1.00 to cover postage
and handling to Business Operations,
American Chemical Society, 1155
16th St., N.W.. Washington, D.C.
20036.
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Patented and proven.

The Kontes lo"".cost, quant.tat.ve TLC system.

Here is the proven Kontes system that offers high
resolution, quantitative TLC analysis at low cost.

The brain of the system is the unique and patented
Kontes Densitometer"I.1t utilizes a rugged and
highly reliable fiber optic scanner to create outputs
compatible with all conventional data processing.
It f.eatures single or double beam scanning in four
modes-diffused reflectance, visible transmission,
fluorescence, and fluorescence quenching. The
densitometer sells for $3463.20 in U.S.

Our air-manifold Chromaflex'" Spotter""' is the
heart of the system. It consistently makes
uniformly-sized spots on all standard TLC plates.
Up to 2 ml of solvent extract can be spotted to a
controlled diameter of 6mm or less with a
reproducibility of ±2%. The Chromaflex Spotter
sells for $181.50 In U.S.

In combination, our densitometer and spotter
afford reproducible, quantitative analysis at a
cost unmatched by other methods. The practicality
of the Kontes system is documented by a
bibliography of applications and a
comprehensive manual.

For further information contact your Kontes
representative or send for our detailed literature.
I. ·U.S. Pat,ntJ. 3.562.~9 aGel J,lJ2t.948. ·'tkt.nninahon 01 R,t$ectaMe 01

Putk.d, Spots on Tltia·lI~r CtuO....tOII.tnt. Ullnl fllWf OpeICS". WOfton
8t10".. K. R. HIli, K,II H. Norris. ANAlYTICAl. CHEMISTRY, S.ptttnblr 1968.

2. "An autOlMtlC spotl., toe qUln.t,t.t,ft tl'lilll I.,., and 1M"' dU1NUlolflpluc:
II\&lnl5 by opllcal scanninc·'. W.lyill £. Gt'U. JouII'l&I 01 tiM AOAC. Voill" s.4,
No. C, \911. "U.S. Pat,nt 3.843.053.

~~~!~s~o
hUllu", Quillbliw,,: "0"1(5 Of llllltOlS. h ...d._. 'I.• I.OflllS Of ~lfotlllA. "" l ....... CM

..o.tU (U....)lTD.• C--...., I ......
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Seek peaks at 206 nm
and get up to 200x
the sensitivity of
monitoring at 280 nm...

...with the new Uvicord S
UVmonitor

Sensitivity is increased up to 200x for proteins when you
monitor at 206 nm with LKB's new Uvicord" S UV-monitor.
This unique instrument will detect non-aromatic peptides,
polysaccharides, nucleotides, lipids and steroids as well as
proteins. And, naturally, you can also monitor at 254 or
280nm.

Enhanced versatility has required no compromise in stabil­
ity. Quite the contrary. Sophisticated optics and solid state
circuitry provide outstanding linearity. And you can monitor
simultaneously at high and low sensitivities.

Unlike others, the new Uvicord S UV-monitor is contained
in a single small case which mounts easily on a fraction col­
lector or ring stand. And its low price matches its small size.

Contact LKB today for full details.

See uoat the
Pittaburgh
Comerence
Bootha 1223-5

The design is multi-colored and
vibrant. The t-shirts are buH. They
are made of 50% polyester/SO%
cotton and are available in adult
sizes:

Small (34-36), Medium (38-40),
Large (42-44). and Extra Large
(46).

Price: $6.00. includes postage and
handling. (10% discount for orders
of 10 or more).

Send order to
Department 01 Educational Activities
American Chemieel SocIety
1155 Sixteenth 51.. NW.
Washington. D.C. 20036

Number 01 Shirl.:

S_M_L_XL_

Amount Encloaed $, _

Nama

LKB Instruments Inc.
12221 Parklawn Drive, Rockville, Maryland 20852

301: 881-2510
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PR4 Photochemical Research
A"oci.~s Inc,
45 Meg Ortve. London. Ontario
Canoda N6E 2V2
15t91686-2960 Tolox 064·7597

Price?

/

r~
I

PRA's new arc lamp sy$tems.
More powerat less costperwatl

2 to 6 times more useable patNer for given Iempil owr
conventional systems
Water cooled
Sealed to signiftcandy rwduce ozone h•• th hun
Designed to ellow direct irMging Into monochromatoR
without the use of lenses
Allows for use ofloWl~l.,-,pl for Reduced
Operllting Cost

The regulated power supplies are:
Modulatable up to 25 KHZ

• Pulled mode operation and oPt~al feedbKk ~bility
• Highly r.,.lated - 0.1% ripple under fulllc.d
• Low RF. filtertd sino'e pulse starten
The supplies can pO.,..r most arc lamps from 75W - 1000w.

~
BARNES

- --I Why window shop?
Get all your analytical

i accessories from
L....J L_~ Barnes.
/~r)What do you want from yourauppller or

• \ wlndowa and crystals?

~
I Verlety? We offer NaCL, KBr, KRS-5, Irtran-2. and

• a host of others. Round, Square, Aectan-
,_ gles. In all standard sizes to fit Beckman

/.- - " and Perkin-Elmer cells.
• '\ Quality? Each window is inspected, individually

. wrapped and identified, and meets the
highest standards of purity.
Since we specialize in Analytical Acces­
sories, our prices are among the lowest in
the industry.

Fest Just call us, toll-free at (800) 243-3498 and
ServIce? ask for Peggy. She'II take your order and

in most cases have il shipped to you within
48 hours.

For cells and Windows, as well as other analytical ac­
cessories for fA Spectrophotometry, make Barnes
your 1-stop place to shop.

Call or write for our catalog. Barnes Engineering
Company, 30 Commerce Road, Stamford, CT 06904,
(203) 348-5381. Out of state toll free (800) 243-3498.

9713 Bolsa Ave.
Westminster, CA
USA 92683
Phone: 7141554·7090

ANSWER
Eventually all pH electrodes
age; response becomes
slow and span Is short.
Unfortunately, most
electrodes are broken or let
dry out before old age takes
Its toll.

Quiz

pH

$36

STANDARD
SIZE
MODEL
S200c

QUESTION
The most common cause
of pH electrode failure Is:
C Other people break

them.
o Other people let the

reference dry out.
~ Cosmic forces

de-energize them.

Electrode

CIRCLE t92 ON READER SERVICE CARD CIRCLE 186 ON RfAOU SERVICE CAIO
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GAS

-Write today lor more information on these andothe,
Shimadzu labor andcost saving instruments.



See SHIMADZU at the Pittsburgh CCHlference, Booths No.1409.1416
',HIM"P~ll~Lll"'llt 1~~lHliMt""', I'.l

·,HIM.'ll. 1IIl,lfhW., ~" t Ii

• tlIM.\tl:lI',ll ..''''ll ",'liP



the
plasma
people
They're yours with every
Jarrell-Ash plasma system.

We sell more than plasma
instruments. We sell total plasma
capability. When you take on a
Jarrell-Ash plasma spectrometer.
you also take on a remarkable
support team, whose collective
expertise guarantees maximum
return on your plasma
investment.

Marketing specialists and
demonstration laboratory staff
work with you initially to define
your needs.

Plasma scientists give your
personnel intensive training after
our installation veterans have set
up your lab's instrument.

Applications people visit your lab
to advise on methods (they're
always on tap for phone
consultation too).

Service engineers assure you of
minimum downtime.

And, each quarter. you'll receive
Plasma Newsletter, filled with
valuable new developments in
applications and technique.

Jarrell-Ash. the plasma people.
Specialists you acquire for the life
of your plasma system. Which
makes your life a lot easier tool

Send for data on our
distingUished Plasma
AtomComp'· series today.

o
Jarrell-Ash Division
Fisher Scientific Company

590 lincoln Street
\\lahnam. MaSS<1chuscns 02154
Phone (617, 890·4300
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Regulations

Priority Pollutant Analysis:

Problems and Opportunities

R. O. Kagel, R. H. SIehl, and W. B. Crummett
AnaIy1k:al Laboratory, Dow ChemlcaJ U.S.A.. Midland. Mich. 48&40

In 1972, wilh Ihe enaclmenl of PL
92·500. Congr... direcled Ihe Em;·
conmenlal Proleclion Agency (EPA)
to develop 8 program to impro\Oe the
quolily of Ihe walers of Ihe Uniled
Slales. Afu,r pressures bcoughllo
bear un Ihe Agency (because of lime·
lable slippage), a courl·opproved
ogreemenl, "The Consenl·Decree," fo·
cused Ihe alienI ion of Ihe Agency on
seclion :lU7a of Ihe ocl, which regu·
lates "priorilY pollutants" (now called
"toxic pollutants"). The adminislralor
published a list of 65 compounds and
calegories (subsequently translaled 10
J29 specific compounds or mixlures),
and Ihe Agency sel aboul to collect
and develop analylical melhods to es­
lahlish the presence or absence of
Ihese materials in induslrial eCOuents
and walerways of Ihe Uniled Stales.
The Emuenl Guidelines Division
(EGD), a survey group established
wilhin EPA, was charged with Ihe
losk of developing a program 10 eslab­
lish emuenl guidelines for Ihese prior­
ily pollutanla.

EGD iniliated it. Iwo-phase pro­
gram in 1976: The first phase involved
screening of selecled emuents 10 de­
lermine qualitalively which of the 129
were present; the second phase fol­
lowed with verification or quantitation
of those specific priorily pollutanla
detected in the screening phase. The
Agency solicited contributions and
peer review of sampling and analysis
protocol for both phases of the pro·
gram. These were subsequently adopt·
od as the March reVised-April 1977
lind June 1977, .crcening and verifica·
tion protocol., re.pectively.

Since all pllrties recognized the ne·
ceKSity to avoid both fal.e positive and
falsc nogotive ro.ulla, hoavy emphasis
was placed on GC/MS analysi8 for the

determination or the organiC compo­
nenla, wilh the Agency stressing at­
tention to qualilY assurance of instru­
menl operalion. This program is being
applied 1021 industrial categories
(over 500 subcategories) by the Agen·
cy and its conlractors. The screening
phase was intended only to provide an
initial qualitative data base to identify
Ihose types of ernuent samples and
specific compounds needing further
work. It was recognized early in the
program tha t these analytical methods
and results would require subsequent
\Oalidation.

As industry and EPA scientists
jointly soughlto generate a protocol
for \'alidation of verification pbase
methodology, the EGD suddenly and
drastically departed from its original
program. As of April-May 1978, the
Agency had contracted for nearly
every competent available GCIMS
hour in the United States in order to
compleu, the screening pbase of the
program. The Agency then undertook
to simultaneously initiate the ~rifica·

tion phase program. Lack of atteSS to
the data base from the screening
phase, the scarcity of GCIMS instru­
mentation, and the few qualified ana­
lytical scientists experienced in this
methodology forced tbe Agency to
adopt I... accurate methods based on
untested GC/FID procedures. Tbese
procedures, unfortunately, "'ere not
subjected to peer reYiew and have
never been validated (noticeably, an
Agency validation protocol for verifi·
cation phase methodology has not yet
emel'\ted). ~'urthermore, EG D propos·
es that these GC/FID results be used
to develop economic evaluation data
in support of 1983 water treatment
practices. EGD also propoaes that the
analytical verification of screening-

pbase data which will ..~. the
basis for the ernuent guideliDes are to
be generaU!d bY these 21 industrial
categories during a ..1f·impoaed 36­
day monitoring program, a1Io yet to be
defined by the Agency.

The involvement of a variety of ana­
lytical cbemisla bas progreued from
one of collaboration (requiled under
the consent-dee:reel to ODe empbaaiz·
ing corroboration. If the trend COlI·

tinues along Agency·path_>.... the
end result only can be an advenarial
relationship centered around analysts
from the Agency and bulb environ­
mental groupo and industry. The pr0­

liferation of untesU!d. unvalidaU!d an­
alytical data will not lead to eaforce­
able wau,r treatment regulatioaa, .­
will it lead to an accurate_t
of the nation's waU!r quality. but rath­
er protracted litigation revoIviD&
about the analytical cbemiat.

The cballenge to bulb industry and
the regulatory apnc:ies ia to apply the
state-of-the-art in 18IIlp!ing and anal­
ysis technology and to c!eIIeIop, vali­
date, and apply appropriate~
methodology that will live statiatica1ly
meaningful results.. The anaIytical..,;­
entist can and must impact more poU­
tivelyand forcefully CD hia profeMiolL
The most immediate mecl"lDwm ia to
make your views known to your em·
ployer (go~rnmenL,academe, Ot in·
dustry), the regulatory oCrlciala, state
and local emironmental pIanniJlI
units, and moot important your elect·
ed oenators and rep......tativ-.

EPA implements the directi_ of
Cong....: EPA scientists teet their
system. technically and legally, in
much the same way as we teat our own
corporate systems. The difference w
tbat we as "technical citizens.. are the
check and balance mechaniam.

0003-27oo/79/0351-223"SOI.00/0
C 1979 American CIlamleaI Society
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The Analytical Approach
Edited by Claude A. Lucchesi

ant and detectiun uf its
presence in suspect hun­
evs. Pure boneys would be
shown either n~t tu pos­
sess the chosen character­
istic or to poss~ss it at a
much lower level.

Approacb Two: Idenli·
fication of a conslitu('nl or
properly of boney Ib.t is
always present at II certain
level. The .ddilion of.n
adult.erant without the
charact.eristic would lower
the concentration of the
constituent or the \'olue of
the property.

Tests .re .v.il.ble to
detect tbe Ir.dition.1 .d­
uller.nts of boney, includ·
ing conventional ~orn
syrup and cummerciaI in-
vert syrup (2). Approacb
One w.s used in tbe devel·
opment of the offici.1
met bods for identifyin~

each syrup in honey. Con­
ventional corn syrup (pri·
marily glucose) contains
appreciable amounts of
hi~her molecul.r wei~bl

glucose polymers not present in
boney, .nd tbese are deLeeted hy
paper .nd tbin-Iayer chrom.tography.
Inverted Cllne syrups (consisting pri­
marily of glucose .nd fructose) .re de·
t.ected in honey lhrouKh the pres~nce

of hydroxymelhylfurfur.1 (HMF),
whicb is present.tsignific.ntly bigber
levels in acid·inverted conc syrups
than in pure honeys.

Approach Two is of no v.lue for tbe
deLection of .duILer.wd boney he­
cause of the wide variability among
tbe known constituenlll of honey. Tbe
most .utboritative study of Uniwd
StaLes boney composition (J) iIIus·
trates tbe v.riability eneounLered. In
tbat study, .11 commercially signifi­
cant domestic honey types .nd blends

A r....rcb program designed to de­
velop metbods for the deLection of
boney adulteration by HFCS was ini­
tiated at tbe EasLern Regional Re­
searcb CenLer early in 1975. We con­
sidered several appro.cbes wilb tbe
bope tbat some would result in
metbods for HFCS deLedion in boney,
regardless of improved production
metbods of tbis sweeLener by tbe corn
processing industry.

The Analytical Approach

Two general analytical approaebes
can be taken in attacking. problem
sucb 88 tbe detection of mixtures of
boney and HFCS.

Approach One: Identification of.
constituent or property of tbe .dulter-

Assuring the Quality
of Honey

Is It Honey orSyrup?

Honey, a natural prod·
uct of limited supply and
relatively higb price, tra­
ditionally bas been a tar­
get for adulteration. At; a
result, bulk boney markets
are being lost to mixtures
and substitutes in the
form ofsugar cane and
corn-derived syrups.
Wben sucb mixtures are
appropriately labeled,
there is no legal violation.
However, the evidence of
widespread mislabeling of
tbese materials as pure
boney represents a fraud
to the consumer. Tbe
adulteration of boney with
various sweet syrups with­
out fear of detection is a
grl:8t tbreat to the integri­
ty of tbe boney markets,
to the economic resources
of beekeepers, and to the
production oftbe more
than U.5 billion dolJars
worth of agricultural crops
that depend on the boney-
bee for pollination.

The corn processing in-
dustry now produces a new low-cost
sweeumer, bigb fructose corn syrup
(HFCS), in great amounts by making
use of advances in bound enzyme
tecbnology. It bas been estimated (J)
tbst tbe food industry will use four
billion pounds of HFCS annually by
1980, with per capita consumption
reaching 18.2 Ib, 14% of tbe total nu­
tritive sweeLener consumption. HFCS
production involves tbe enzymstic
isomerization of a portion of the glu·
COlle in conventional corn syrup to tbe
sweeter sugar, fructose. Tbe resulting
syrup is then refined witb activated
carbon and ion-excbange treatment,
and yields tbe two mon068ccbsride
.ugen, glUCOlle and fructose, with ollly
lIigbt amounta of otber maLerials.

224 A • ANAl.YTlCAl Ct£MISTRY, VOL 51, NO.2, FEBRUARY 1979 ThiS ar1lcle not sobjecl to U.S. Copyright
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Landis W. Doner,lrene Kushnir, and Jonathan W. Whne, Jr.
East..." RegIonal _ch Cenler, Agricol1ural_ch. ScIence end
Education AdmInistration, USCA,PN~, Pa. 19118

were analyzed, and the r..ults can be
considered truly representative of do·
mestic honey composition with regard
to the components determined. The
concentratiun ranges for the major
constituents of honey (490 !ampies
analyzed) and of HFCS samples from
8 major commercial source are given
in Table I. The ranges indicate that a
considerable amount of a sweetener
like HFCS. with its .ugar composition
re.emblin~ honey, could be added
without the mixture exceeding normal
honey concentration limits. The in­
creased moisture content can be com·
pensated for easily by a clever manip·
ulator. In the survey (3) the presence
of other honey constituents over a
wide range precluded the use of dilu·
tion of a honey property for detecting
adulteration. Approach Two was used
for just two possibilities examined in
our research, unsuccessfully both
times, as indicated in Table II.

The composition of honey depends
upon two most important faclors. the
norol source and the composition of
the nectar. Less important ore certain
external factors, including climate and
differences in processinl!. All factors
contribute to the variability of honey
composition and to its enurmous com­
plexity (22 min'Jr di· and trisacchar·
ides have been identified (4)J and
make most approaches to the detec­
tion of adulteration unworkable.

Early in our research program we
had to learn as much as possible about
the ,>roperties and composition of
HFCS from the various commercial
80urces. Our goal was to find a constit·
uent or property common to the vari·
OU8 Hrcs .ample. but not found in
any honeys. Little information regard·
ing the minor HFCS con.tituents that
may come through the rigorous reCin·
ing prnee.. waa available in the litera·
ture. and nomination of aigniCicant
numbers of representative honeys
with respect to any candidate HFCS

components was required. It was our
.xpectation that no singl. test would
ser.... the objective of this search, and
th. need to screen Iarg. numbe", of
aospect samples would require rela·
tively simple indicator tests; connrma·
tory analysis could be more compl.L
Furth.rmor., tests. to obtain legal
standing, would hav. to be subjected
to formal collaborativ. testing by in·
d.pend.nt laboratories. under th.
aospices of the Association of Official
Analytical Ch.mists.

Establishing tests for HFCS in
hon.y proved more challenging than
earli.r m.thods for the traditional
adult.rants, since HFCS is simpler.
more c1"""ly resembles hooey compo­
sition with regard to major compo­
n.nts, and is more highly reCmed.
Complicating the problem is the fact
that m.thods of HFCS production are
continuing 10 "''01\'0. and trace con·
stitu.nts found to be unique in
present syrups may be eliminated by
n.w refining procesaes. Accordincly.

ANALYTlCAL CHEMlSmy, VOl. 51, NO.2, FEBRUARY 1919. USA



Figure 1. Flow diagram of method for I:'C/'2C determination

we applied Approach One to the prob­
lem of detecting HFCS in honey in
eight separate investigations (Table
U); three proved useful.

Evaluation of Various Approaches

Three approaches to the problem
involved determining lower molecular
weight ions and molecules Bud were
not valid for judging honey purity_ A
suggestion had been made (5) that ex­
amination of the sodium/potassium
ratio was useful because HFCS is re­
fined by ion-exchange treatment, and
the original cations present in HFCS
are replaced by sodium. Honey has
long been known to be relati"ely poor
in sodium but rich in potassium. A
paper evaluating literature data (6).
however. demonstrated that the so·
dium/potassiurn ratio is of lillie use as
the sole parameter because of the ex­
treme variability of these elements in
honey. The convenience of atomic ab­
sorption analysis would have made
this a very attractive approach, but
this variability precluded its use.

Early in our research, we were opti­
mistic that a useful test might be the
determination of the monosaccharide
sugar psicose. which in early produc·
tion lots of HFCS had been reported
(7) to be present at levels to 1% be­
cause of base-catalY2ed isomerization
offruc~.Thissugarisnotpresent

in honey. and HPLC methods were
available for its detection in standard
mixtures with the major honey sugars,
fructose and glucose_ The presence of
psicose in HFCS, however, indicated
to the corn sweetener manufacturers
that the process was not ideal. and
they'were succ£ssful in producing syr·
ups free of this Bugar and other by­
products considered detrimental to
the quality of their producL This was
our fint experience with a potential

method being eliminated because pro­
ducers were obtaining better (from
their viewpoint>, more highly refined
syrups. This was nol our last such ex·
perience because. in 8 sense. we were
shooting at 8 moving target.

The aminu acid proline is present in
unusually high levels in honey and abo
sent from HFCS. Consequently. pro·
line was measured in 740 honev sam­
ples (8) to determine whelher il is
present over a sufficiently narrow con·
centration range to permit the use of
Approach Two. A convenient colori·
metric method is available for such a
test. but the wide range of values
found precluded Ihe use of proline de­
termination as an indicator of honey
purity.

Several methods were designed 10

reveal differences between the minor
macromolecular (polysaccharide and
protein) fractions of honey and HFCS.
In one approach, we constructed an
autoanalyzer to determine the molecu­
lar weight distribution of polysaccha·
rides from honey and HFCS. Initially,
this approach appeared to be very
promising. In a second method based
on the differences in the polysaccha­
ride fractions frum honey and from
HFCS, we took advantage of the un­
usually high degree of branching
present in polysaccharides from some
HFCS samples. The soybean Itctin,
concanavalin A, associates with termi·
nal glucose units in branched polysac­
charides through a multivalent inter­
action and leads to precipitation and
quantification by turbidity. Inter­
esting results were obtained (9) but, as
with the other macromolecular ap­
proaches, were rendered useless for
the adulteration problem when HFCS
containing no high molecular weight
carbohydrate polymers became com­
mercially available.

An immunochemical approach
wherein rabbi'" were injected with
HFCS materials and tested for elicita·
tion of antibodies Was atwmpted.
HFCS polysaccharides were conjugat·
ed with bovine serum albumin and
keyhole limpet hemocyanin and, afwr
being administered to rabbi"', pro·
duced immune sera, which were isolat­
ed by scientis'" at the Weatern Re­
gi.onal Research Center of the U.S. Dc­
partment of Agriculture. Unfort',nate·
Iy, interaction between the immune
sera and the injeded materials was
not inhibited by HFCS polysaccha·
rides. EfforlS to prepare a protein con·
centrate from HFCS for preparation
of an immune serum in rats and rab·
bits were unfruitful. Considering the
standard immunodiffusion techniques
available, we were disappointed that
these sensitive and convenient8p·
prosches to the problem did not work.

We also attempted 10 apply differ­
enlial scanning calorimetry to the
adulteration problem. However, the
virtually identical profiles obtained
for honey and HFCS again reOected
the similarity in composition of the
two products.

Stable Carbon Isotope
Ratio Method

Clearly, we needed to identify a
property of HFCS that would not be
affected by new refining processes but
would be characteristic of products
derived from the corn plant. The
breakthrough came when we evolu·
ated the ratios of the stable isotopes of
carbon in representative samples of
honey and HFCS. This approach had
been used (10) in detecting the illegal
addition of cane sugar to Israeli citrus
juice. and it was suggested (10) that
the l:'C/I2C ratio might be useful in
detecting fraudulent substitutions of
various types of plant products with
corn-derived materials. Methods for
detecting the adulteration of maple
syrup with cane sugar (I J) and the
adulteration of natural bean vanillin
with synthetic vanillin (12, J3) had
utilized '''C/'2(; analysis.

The reasons for differences in '''C/
I~ fatios among members of the
plant kingdom are now beginning to
be understood and result primarily
from the three different pathways by
which carbon dioxide is fixed into or­
ganic compounds via photosynthesis.
In planUi using the classic Calvin (C,)
cycle. the primary photosynthetic
product is the 3-carbon acid, 3-phos·
phoglycerate. In planUi using the
Hatch·Slack (C.) cycle, the initial
produc", of carbon dioxide fixation
are the 4-carbon acids o18lacelaw,
malaw, and aspartate. PlanUi in a
third category. crassulacean acid me­
taboliam. have the enzymatic capabili.
ty Cor initially fixing carbon dioxide by
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Highest SIN Ratio: The new TN-1223-41 large
area intensified array has 2.S mm x 0.025 mm
channels for up to IS times better SIN than other
I-DARSS detectors.

Programmable operation: NBS traceable
calibration sourC(''S arc combined with advanced
radiometric/photometric routines for correction of
intensity data in Ram.:lIl and general purpose QC
mea~urements including CIE calculations. Programs
and spectral data can Ix: ~tored on an optional
floppy disk device.

Highest Sensitivity: The I-DARSS is more
sensitive than SIT and ISIT devices over most
of its operational bandwidth. Further, the Gcn
11 Intensifier gain can be varied from 20J to
nearly -lO,roJ with a single control while
m.1intaining a -l096: I A-D eonver~ion range.

In addition to speed, sensitivity and fine
resolution, the I-DARSS offers the unique
advantages of an all solid state design: bloom
frec and target-lag frec operation, thermo­
electric cooling, and a geometrically stable
configuration for mierophonic frec operation.

As the only multichannel optical siX'ClrO­
scopy systcrn to win the prestigious IR-IOO
award for 1978. the I-DARSS offers unmatched

performance at an unbeatable price.

For descript1\'e literature or more
information. contact:

2551 w... R<I.ltn~ H w"f . , ~D 5lS62/ (6Oll)Sll·6511 I TWX-91D-2SD-2521
T.oellr [UIlll'" R. V. I schlphol Airpotl Amst~nIattt18..1JI\11II106, The Netberlands I Telephone (010)41 18451 Tel.. 13695

The TN-1710-I-DARSS* is a complete, computer­
based system for rapid analysis of UV-Vis-NIR
spectral data.

Complete spectra lire acquired in milliseconds.
U~ing the sequential scan module, lip tD 64
diffcrcllt SflCUrtI can bc recorded at ncarly 4(x)
~pectra/sccond for Time Resolved Spectroscopy and
Chemical Kinetics measurements.

High spectral resolution mea~urcments arc
accommlK.!ated with the TN-I 1·19 spectrograph
which can provitle a disperSIOn as JlI.I!,h (/.~ 0.0.36
llm peT Chl/llIlc/.
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13(: "MIl SPECTROSCOPY. 2nd Ed.
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and techniques os well os structural
COIIelotoons lor many organIC
molecules and natural COfTIp<l<JndS.
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CllemISITy.
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SPECTROSCOPY
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Figure 2. DistribUlioo 01 c\ '3(; values for
honey and HFeS
Repned wilh permluion trcm ref. '7 Copyr~ 1978
A$.$Odebon 01 OOidal~ ChernoW.

lhe C. pathway and then shuttling it
into the C" system. All plants are
slightly lighter in '''C than the carbon
dioxide of the atmosphere. and Calvin
(C3 ) plants discriminate to a greater
extent than do Hatch·Slack (C.) or
ccassulacean acid metabolism plants.
The "l(;/''C ratios uf a sample are reo
ported as per mil ('"') deviations
from a limestone standard and are de­
fined as:

b'''C (per mil. '"')

; ( '''C/''C sample _ 1) X 10"
'''C/''C standard

These values are determined by iso·
tope catio mass spectrometry after
complete sample combustion to car·
bon dioxide. A now diagram of the
procedure is shown in Figure 1. Calvin
(Ca) plants have o'''C values of -22 to
-33"'. and Hatch·Slack (C.) plants
have values from -10 W -20'"' (14,
15). Crassulacean acid metabolism
plants have intermediate b"l(; values.

Corn, sugar cane, sorghum. and
other grasses native W the tropics fall
inW the Hatch·Slack category with
b'''C values in the upper range. Pure
HFCS then would have a similar
value. It was our hope that all honey
samples wauld be in the range expect·
ed for Calvin plants and that this
might be a characteristic of all nawer·
ing. nectar·bearing honey sources. To
test this. we selected 84 samples from
our collection of pure honeys W repre·
sent all commercially important Unit·
ed States honey sources from wide

geographiCAl areas. We analyzed 35
iml'urted huney samples from 15
countries. with geographical latitude
the primary considerotion in their ~c·

lection. Details uf the method and reo
suits uf o'''C analysis uf these samples
are described elsewhere (16-111): the
distribution of volues OfC diogrnmmed
in FiKure 2. The ro<'flicienl of vario­
tion fur all honey samplL'S was 3.116%.
the smallest yet cl1eountcred for ony
constituent or physical property of
huney. Mixtures of HFCS and hom'y
would be expecled to have b"l(; values
equal to the sum of the fractiunnl con­
tribution of cacho This was found to be
the case.

A collal>urat.iw study of the method
was conducled (17) bv seven laboralu·
ries. each tcslinK four- prepared
honey-HFCS mixtures and a pure
honey. Because of the excellent agree­
ment amung the collaboraturs. the·As·
sociation of Official Analytical Chern·
ists has adul'ted the mel hod as official
first action for handling cuses uf honey
adulteration by HFCS. The beauty of
this mNhod is that it is noncircum·
venlable and will apply regard Ie"" of
11E'\\' refinements in HFCS production.
The only requirement is that these
syrups continue to he produced from
corn or other Hatch·Slack (C.) plants.
This procedure is no\\' beinl:: used by
regulatory agencies and by the honey
industr)' fur self·I>ulicing. The b':lC
values indicate to them whether sam·
pies are pure or adulterated honeys.
The upper (least negative) limit fur
authentic honey may be set with uny
desired degree of certainty: Table III
indicates the cunfidence with which a
honey of a cerlain 01:1(; value may be
considered pure. A sample with a
value less negative than -21.5~ can
be classified as adulterated.

Screening Methods Developed

The carbon isotope ratio tcst is
moderately expensive. Only a few lab·
oratories possess the required inslru·
mentation, and none is in the rCl::ula·
tory field. A need existed for mure
routine tesL' that could be conducled
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NIH/EPA

Chemical
Information
System

WORLDS LARGEST COLLECTION
OF SPECTROSCOPIC DATA BASES:

• MASS SPECTRAl SEARCH SYSTEM lMSSSI
• CAII!lON·13 NMR SEARCH SYSTEM ICNMR)
• POWDER D1FFIIAC'T1ON SEARCH-MATCH SYSTEM (l'05M)
• X.fIAY CRYSTAllOGRAPHIC SEARCH SYSTEM ICRYsn

CIS IS an interactive system destgned 10 provtde the
International sclentihc commuOlty with onhne access to a
senes of structuraUy-6earchable numenc chamal data
bases. All chemICal substances ,n the CIS dala bases are
Identified Wlth their ChemICal Abslracls 5erV1ce Registry
Number PJoviding a direct link 10 the chemical lilerature as
abstracled by CAS.

See US at the Pittsburgh Conference.
Booth 1725, or call (800) 424-9600 for
more Information.
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figure 3. ThirHayer c1Yomalographlc lesl lor honey adulteration

DELIVERY
FROM
STOCK)
WINDOWS, LENSES

&ATR PLATES
NaC/· KCI' KBr· CaF2'
MgF2' BaF2' Ge' Si·
ZhSe' KRS-5 . ZnS •

CsBr· Csl· LiF· SrF2'
Cultured Quartz'

Sapphire' Fused Silica'
/rtran 2

\ INFRARED
ACCESSORIES

Sealed Liquid Cell
Holder· Gas Cell •

Precision Cell •
Demounl'ilble Cell •

KBr Pellet Press J
& Holder

INTERFERENCE
FILTERS

uv . Near UV • Visible'
Near IR· IR

~STANDARD &
CUSTOM ITEMS

REPOLISH &J
RECONDITIONING

SERVICES
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TEL: (802) 365-7714
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in ordinary Iaboralories for selecling
samples sufficiently suspicious 10 jus­
tify the conflrmalory isolope ratio
tesL Recently, we developed two such
methods, one using thin-layer chroma­
lography and the other gas-liquid
chromatography.

The thin-layer chromaLographic
method (19) has been subjected 10
successful collaborative testing (20)
and recommended for adoption as an
official method of analysis. A now di­
agram nf the procedure is given in Fig­
ure 3. This very sensitive procedure
involves isolation of 8 fraction con·
Laining oligo- and polysaccharides
from both honey and HFCS by col·
umn chromatography on charcoal·Cel·
ite. After concentration, these frac·
tions were examined by silica gel thin·
layer chromatography; consistent dif·
ferences between honey and HFCS
fractions were revealed. Whereas pure
honeys yielded only one or two blue·
grey or blue·brown spots of R, greater

Ihan 0.35, a series of spots or blue
slreaks exlending from the origin
characterized adulterated samples.
The method detects HFCS and the
tradilional honey adullerants, even
when present as 10% or less of the
loLaI mixture. An added advantage is
thatthis procedure should detect in
honey the presence of all sLarch-de­
rh·ed sugar syrups tested, regardless of
the plant source. Figure 4 shows the
differences in the chromatographic
profiles of honey, HFCS, and adulter­
ated mixtures. This procedure is being
used routinely lo screen samples, not
only for HFCS but also for other adul­
terants of honey, including conven­
tional corn syrup and inverted sucrose
syrups.

A gas·liquid chromalographic meth­
od (21) based on the determination of
maltose and isomallose has been use­
ful in our laboratory. However, in view
of the small number of successful col·
laborative tests (20), it could not be
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SET ANY VOLUME (even
odd volumes lIke 11.5 JJI
or 2.3541J1) with mICrom­
eter preciSion. PIpette
With conSistent accu­
racy (0.2 10 1'1;, full
range).
• One PIPETMAN re­

places morc than
30 fixed volume
pIpettes

• Slmplo Push­
tlutton Operation

• Disposable
Plpelle Tips

• No lubrlca­
han Of
roullne
mainten­
ance

With the new

PIPETMAN,m
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COMBiNES EASE
WITH PRECISION.
• Molecular weights 100 to 25,000
• Temperature range 25°C to 130°C
• Digital readout with analog re­

corder output
• Aqueous Dr organic solvents with

no change in thennistonl
• Priced under $5000

The WESCAN 'Model 233 Molecular
Weight Apparatus Is a convenient
al\d easy means for routine deter­
mination of molecular weights up to
10,000, and with slightly greater care,
up to·at I_t 25,000. It works on the
well established principle of differ­
ential vapor pressure measurement
using two thennlstonl In a closed
chamber.

Incorporation 01 the latest circuitry,
and the same measurement chamber
used In the Corona/Wescan Model
232A, provides an instrument which
is more precise and stable. than ear­
lier designs. Yet the Model 233 in­
cludeil a number of operating con­
veniences which make It easy to use.

For mOle information, contact

w
WESCAN
"'lIIUMU'lI, ,,.C.

WESCAN INSTRUMENTS, !NC.
3018 Scoll Blvd.• Santa Clara. CA 95050
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Figure 4. TlC plate of oligo- and poty­
saccharide fractions from honey.
honey-HfCS mixt..es. HFCS and stan­
dard trisaccharides
1. 2: PU'e orange and cJOVOf honeys. 3-6: Mill­
ues 01 hOney with S. 10.25. and 50% t-FCS. re­
spectively. 7: Miltlse ot honey with 5% conven­
tional 6~. 8. 9: t-FCS~~$ hom two manu­
taetllefS. 10: MiJ.fa.re of trisacChatldes raltlnose
and mehlitose

recommended for adoplion as an offi­
cial method. The results of the mall­
ose and isomaltose determinations in
honey and in HFCS samples are given
in Table IV. A discriminatory equa­
tion was developed from these data.
and 81% of authenlic honey samples
and 78% of adulleraled honey samples
(as determined by alae analysis) were
correctly classified.

Society Benefits

We are optimistic that awareness of
these convenient new methods for de­
tecting honey adulteration will mini­
mize lbe threat 10 lhe integrity of
honey markets. This will help protect
the many thousands of beekeepers
whose economic resources depend on
confidence in the purily of lheir prod­
uct. AJ; a resull. lhe populalion of hon­
eybee colonies will be maintained at
the bigh level so essential for the polli­
nation of billions of dollars in food.
feed. and fiber crops.

Since its advent about 30 years ago.
isotope ratio ma.ss spectromct ry has
been a powerful tool. parlicularly in
the realm of basic research. Now il has
been applied to a major problem for
lhe food and agricullural induslrie•.
Undoubtedly. numerous applicalions
will be forthcoming as more is learned
regarding natural variatiuns in l:tC/I:lC
ralios and ralios of olher stable iso­
topes among plants and their derived
products.

The adulteration of natural vanilla
extract with synthetic vanillin h..
been revealed by alae measurements
(J2. 13); detection will hopefully resull
in lhis practice being discouraged.
More recently. U.S. Customs aUlhori­
ti.. have.been confronted with the
problem of determining whelher ship·

ments of imported candied pineapple
and papaya are processed with honey
or inexpensive syrups from C, plante.
A method was developed (22) to de­
termine tho nalure of the processing
syrup by 6'''{; analysis. The methud
also has been applied by the apl,le
juice industry 10 determine whelher
HFCS has been mixed with apple
juice before pruduction of apple juice
concentrates.

'c The thin·layer chromatographic
method (J9) is both highly sensitive
for the deleclion of honey adullera­
lion by HFCS and <'Onvenient fur use
by regulalory agencies and lhe honey
industry. Added advantages of this
method are its deteclion of inexpen·
sive C. planl-derived syrups in honey
and its potenlial for further develol'­
men I and applicalion to future honey
adulteration by new sweeleners. 11 has
been recommended thai this melhod
replace the old paper chromatographic
melhod (2) for delecting the presence
of commercial glucose. one of the tra­
ditional adullerants. in honey.
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QUALITY HPLC COLUMN
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You can ru..e complete conftdence in
the performance o( Bio-Radlo HPLC
columns (or the best o( all possible
reasons: we guarankc it. Specifically,
we guarantee column efficiency, peak
symmetry, and now resistance. Fur·
thermore, every Bio-Sir column comes
with a test chromatogram and a test
solution sample so that you can \-erify
perfonnance )'OUBd£

Bio-Rad offers a wide'selection o( col­
umns- aU competiti>-dy- priced- and
a wide choice o( tOP quality pack­
i'"GS inc!udi~ 0 BiG-SiI HP·IO fur ad­
sorption 0 Bio-SiI ODS-IO (or ""use
phase 0 Bio-SiI OR:; 100 fur exclusion
o Aminex' HP-C and Aminex A-9
(or cation~ 0 Ami:nex A-27

for anion~ 0 A variety of cus­
tom~ for 5peCibc applications
(HPX.87 and HPX-42 (or cmbohydmte
analysis are twO examples).

Request Bio·Rad Bulktin 1056 for
details and our guide to HPLC "91umn
evaluation. Cocuace

0!IiJiE).L~ <

nro Wright luY:NJte
Richmond, CA 94804
!'hone (11)) 23+1130
Abo in: RockviIIo;.ea-. N.'I.; Millis­
...... Onlailo; l.oodoo; MiIoD; Miri;:b;
V.........
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New Products-A Preview
Exposition of Modern
Laboratory Equipment

Cleveland Convention Center
Cleveland, Ohio

March 5-9, 1979

Scanning Accessory

A scanning system lor the concave h0­
lographic grating nnonocIYomators is
available. The stepping motor is c0m­

pletely enclosed In a metal housing and
Is easily /T19unted on both new and
older models of the H-10/H-20 series
monochromalors. The programmable
controller oll....s 10 discrete scannlrig
speeds (1 nm/mm to 1000 nm/mln),
continuously variable wavelength scan·
nlng range. and lour different internal
modes 01 operation. Instruments SA.
Inc. 421

Vapor Generation Kit

Model 65 vapor generation kll is de­
signed lor use with the company's AA
spectrophotomet....s. The kit provides
for the detarmination of mercury by
cold vapor gen....ation and arsenic and
selenium by hy<Wide generation. It uses
solid sodium borohylWide pellets and a
quartz absorption cell that Is heated by
an air-acetylene lIame lor arsenic and
selenium measurements. The polypro­
pylene chamber provides an inert reac­
tion vessel and Includes a magnetic
stirr..... Varian Instrunnent Division 415

HPLC Columns

The range of ultraperformance pre­
packed columns off....s high efficiencies
(typically greater than 50 000 platesl
m), peak shapes with asymmetry lac­
tors beller than 1.6. and extended life­
times. The columns are packed with
spherical silica particles 01 nominal
5-jlm dlamet.... with uniform pore struc­
lure. Four types are available; a maxi­
mum sur1ace coverage ODS material.
an octyl phase, a silica adsorption
phase. and a column especially de­
signed for separations where com­
plexing agents are added to the mobile
phase. Allex Scientllic. Inc. 418

Monochromator

The DH-20 double monochromator uses
the type IV aberration corrected con­
cave holographic gratings and Is de­
signed primarily lor applications where
very high spectral purity is required in
a small package. The DH-20 is avail­
able in either additive or subtractive dis­
persion and in lour v....sions covering
trom 200 to 3200 nm. Instruments SA.
Inc, 422

For lOOte Information on listed Item••
cltcle the appropriate numbers on one
of our Reader., Service Card.

_4
M1aopo 0MlpIe_.ModeI1560,canpr0C8SSupt0210sampleseach
hough 960 disaele events like reagent addition from more than ~O SOIXC8S. agitation. Incu­
bation. con1rol 01 reaction times, and transler 01 samples into peripherallnslJumenl5 such as
a chromalOlTolPh or spectrophotometer. The user can develop prC9'ams by """"",",icating
in chemlcaI terminology; no~ Ianguago is needed. The processor can be interfaced
wilh _ instn.menlS to """""'"' pH and optical absorbance. and can automatically vary the
pl'Og8ITl according to measured results. Instr...-tatlon Specialties Co. 407

AA Spectrophotometers

Models AA-475 and 275 use an Bobit
microprocessor to control instrument
lunctions and data handling. The AA­
475 Is a double-beam instrument; the
AA-275 is its slngle-beam count....part.
The instrument panel includes keyboard
control of hollow cathode lamp cwrent.
An automatic gas control unij lacilijates
prOlTammed ignition and sale shut­
down. and a running mean data output
mode provides optimum precision. The
selec1ion 01 calibration methods in-.
eludes three standard calibrations by
the company's patented Rational meth­
od. and realoping lor last recalibration
aQaInst a single standard. Varian Instru­
ment DlvIslon 417
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New Products

GC/MS Systems

The capability of acquiring CI mass
spectrum lor high-sens~ivityor molecu­
lar Ion lormatlon and EI mass spectrum
lor lingerprint or structural Information
Is ollered In Model series 200 Simul­
scan GC/MS systems. Certainty that
the sample Is identical for each ioniza­
tion technique Is provided and does not
depend on the similarity 01 two consec­
utive GC runs. Other advantages in­
clude provision of the extra dimension
01 the CI Information lor manual and
computer library searches with Im­
provement in the recognition of correct
"hits" or ooresolved GC peaks. Two
models are available: Model 276-1
comes without the GC. and 276-2 with
the GC. Extranuclear Laboratories. Inc.

449

UV-VIS Spectrophotometer

Model 100-80 double-beam recording
spectrophotometer features wavelength
scanning. repeat scanning. derivative.
printing. and a complete enzyme pro­
gram. The automated system provides
acquisition. data processing. and data
presentation in the spectrophotometer.
NSIiHitachi Scientilic Instruments. Inc.

459

<'r.""""'.....'"""....c.....
The poIanlgrophlc syIlom is c:orTllOS"d of a poIarogBphic unh. UAPJ. a potenlioslat PRT~1.
and a potentiometric recordar. Tho de voI1age programming circuh allows the voI1age scanning
limits to be set at will in the anodtc Of cathodic zone providing sing'&--. dol..ble-. Of multlple<ycle
scanning modes. The superimposed ae stgnal can be continuously adjusted between 3 Hz and
3 kHz with an adjustallia amplituda 010-500 mV. Tho clamodulation pha.. anglo Is adjustallia
from -4510 135°. Tho marcuy <*"op lima can be adjustad be_ 0.01- 100 s. Tho potentioslat
has a background noise 01 less than 10 IJV peak to peak with available output voltage 01 ±30
V and output CU"Tent of ± 100 mAo ConcentraHons of 10- 1_10- 8 Min revefsible systems and
10-e Min ncwveversible systems can be achieved. and separation 01 substances whose peak
potential is 30-50 mV apan can be possible. Astra Sdcntltic International. Inc. 408

KBr Windows

Two standard sizes of KBr windows are
available: 38.5 X 19.5 X 4 mrn rectan­
gular windows and 25 X 5 mrn round
windows. They are guaranteed to trans­
mit 90% or bener from 2.5 Jl to the
cutoll point of KBr. McCarthy Scientific
Co. 447

pH Meter

Model 811 uses a microprocessor to
automate every step in pH measure­
menl Standardization Is carried out
using an electronic "Iook-up table"
containing pH buller valves as a lunc­
tion of temperature; pH readings are
continuously adjusted lor changes in
sample temperature. Error codes indi­
cate defective pH electrodes and user
mistakes. Additional modes allow read­
Ing 01 electrode potential, percent
Slope, and sample temperature. Orion
Research 450

Computer Interface for MS

Interlink, an Interlace lor mass spec­
trometers and computers, uses 16-bit
DAC lor mass command, a 12-bit ADC
lor analog data acquisition, and "ping­
pong" scalers lor pulse counting acqui­
sition. Extranuclear laboratories, Inc.

452

UV Detector

A dual-beam, dual-channel UV deteclo<
permits simultaneous monitoring in the
UV region at two different and select­
able wavelengths. Each wavelength is
in the double-beam mode and is pre­
sented as individual recorder traces on
a two-pen recot'der. II provides eight
push-button wavelength selections
across the 21 0-28Q-nm region with
scale expansions of up to 0.005 A with
less than ± 1% noise. NSIiHitachi Sci­
entific Instruments, Inc. 461

Liquid Chromatograph

Model CLC-5 liquid chromatograph uses
centrifugal force rather than gravity,
capillary action, or high solvent pres­
sure to separate. Separation 01 over
500 theoretical plates on sample
weights of 5-10 9 is provided. The sys­
tem, which may be used with most col­
umn packing materials Including silica
gels and porous polymers, also includes
a UV monllo< and fraction collector.
NSl/Hllachi Scientific Instruments, Inc.

462

For more Information on lilted Iterm,
circle the appropriate number. on one
01 our Reader.' Servlca Card.
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New Products

The HP 5880 _lei micropro<:euor-baMd gu c1vornelogrep/l1 begin with a basic singl....
detector. siogte-coh..rnn, isothermal GC model with 0 print/pk>t terminal that can be expanded
in increments to a tully automated GC system with multiple keyboards. detectors and COhATVlS.
and ooal<hamel data handling and proganming capabilities. The modular desigl.llows olher
feah.l'es to be added as applications 'low. F~ levels 01 keyboard control8le available: level
one is lor Isothermal operation; level two permits t~l\re. flow. and pr...... programming;
level three (eat"es two-channel integatoo and area percent: level fou- adds GC method cal­
culation capability. normalizatton. external and internal standards with multiple standards. ret·
erence peaks. and multipoint calibration procecbes. The integalor redefines peak area allo­
cation. valley. and baseline pOints without rerunning the sample. All GC parameters can be
prog-arrvned thrOf..9l BASIC. The au1oignition Hame-ionlzatlon detector has 8 dynamic range
of 101. The technology that allows the construction ot silicon on sapphire chips produces
hig>-speed single rniaoprocessors that have '4ltO 48K ROM and 16K RAM. Prices start at about
$9000. Hewlen-Pacl<ard 402

Gel Scanner

The gel seaMer accessory is designed
lor use with the company's Cary 210 or
219 UV-VIS spectrophotometers. n
can acconvnodate stained or unstained
gels and autorediographs up to 20 cm
long. Measu-ements can be done at
various wavelengths with a choice of
three slit widths (0.2, 0.1, 0.05 mm) and
10 seaMing speeds (0.01-10 mm/s).
Varian Instrument Division 416

Liquid Chromatographs

The Miniprep is designed lor semipre­
parative lC and uses a twin solvent de­
livery system so that instantaneous sol­
vent system changes can be made for
trivial gradient elution. The column is
20 mm i.d. and 500 mm long with a
sample capacity in the range of 1 mg to
1 g. Typical efficiencies are in the
28000 theoretical plateslm range. The
C1vomatospac Prep 10 preparative lC
is intended lor use in the 50 mg to 109
range. The column is 40 mm i.d. with
usable length up to 500 mm. The maxi­
mum amount of stationary phase for the
Prep 10 is 225 g. and for the Miniprep,
50 g. The column can be interchanged
with existing Prep 100 instruments. In-
struments SA, Inc. 424

The lnIrarlld De... StaUon Is a single-station
Intelligent terminal designed to operate. pro­
cess data, and display spectra and output data
from the~'s Infrated spectrophotom­
eIets. ncan be used with Models 5808. 2838.
281B. 599B. 399B. and 299B. Principal fea­
tures of the data station allow the user to co~

Iect data from an Infrared spectrophotometer.
store spectral data on a mlcrotloppy disc, r....
trleve spectral data from the disc, perform
me1hemeIlcaJ operalions on data. view spectra
and display peak tables on a cathode ray
saeen. perform r_ted runs under one
conmand. and replot spectra on the recorder.
The CAT display monnor& keyboa1d entry and
displays status and gives "setup" instructions
to the user. In addition. the CAT display shows
file and data 1ls1Jngs. plots up to three spectra,
and overlays spectra following data manipu­
lation. Pertdn-Elmer 401

Microcomputer for Sample
Changer

LabMate LM-2 is a portable microcom­
puter designed to interface with any in·
strument with an analog output. Three
to eight standards generate a filled cali­
bration curve in memory when mea­
SlXements are taken by integration Of

peal< height. LabMate with option A
(LM-2A) allows single-point standardiza­
tion of curves to occur automatically
when the unit is coupled to a sample
changer on the instrument. Spectro
Products Inc. 427

ICAP AtomComp Systems

Series 955 and 965 inductively coupled
argon plasma AtomComp systems are
available. Model 955 determines up to
30 elements simultaneously. and Model
965. up to 48 samples. Model 955 lea­
tures ICAP source with high tempera­
ture/low background. 0.75 spectrome­
ter. DEC PDP-8A computer with 8K
core memory. and TI Silent 733 termi­
nal with tape casselle mass storage lor
fast program loading/simultaneous data
storage capability. The system runs on
plasma analytical language (PAL) that
features simple. mnemonic operation.
Software commands can be user linked
and stored. Model 965 features PAL
software with background correction
capability and lA36 DEC writer terminal
with dual floppy disks for speedier op­
eration. Jarrell-Ash Division. Fisher Sci­
entific Co. 425

Liquid Chromatographs

Programmable liquid chromatographs.
by use of the leO microprocessor. are
available. Model 330 provides a 6000
psi, constant flow pumping system. a
choice of detectors, and a sample in­
jector. Model 332 provides an almost
infinite number of solvent compositions
and flow profiles to tackle diflicult sep­
aration problems. The microprocessor
offers control of solvent reservoir se­
lection, automatic sample Injection,
column switching. and sample collec·
tion; up to 19 methods can be stored in
memory for recall in any sequence.
Altex Scientific. tnc. 419

Sample Injector

The injector is based on a four-port
valve constructed in 316 SS and chemi­
cally inert polymers. and is designed for
pressures up to 10000 psi. The design
provides easy access to all fillings and
requires very lillie force to actuate from
the load-ta-inject positions. Sample
loops from 5 to 2000 III are available.
and smaller samples can be injected by
partially filling the loop wilh a standard
chromatographic syringe. Altex Scien-
tific. Inc. 420

For more Information on nlted lIema,
circle the appropriate numbers on one
01 our Reade,.' Service Cards
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New Products

Monochromalors

Model 234 is a compact single-reflec­
tlon monochromator that covers the
wavelength range Irom the vacuum ul­
traviolet to the mldvlslble with a single
aberTatiOOH:ooected holographic grat­
ing. Model 248 is a 1-m grazing Inci­
dence monochromator or spectrograph.
Wavelength coverage is from the soft
X-ray region throug, the vacuum ultra­
violaf with either photoelectric or pho- .
tographlc detection. Wavelength cover­
age from 10 to 900 A is chosen by ap­
propriate selection 01 the grating and
the angle of Incidence. GCA Corp. 428

Resins

A broad line of macroporous polysty­
rene-divinylbenzene resins for liquid
chromatography is available. Rigid
spherical beads are synthesized and
classified to a narrow range of particle
sizes to make them compatible with the
high flow rates used in LC. Resins with
molecular weight exclusions from
greafer than 10' to less than 103 are
produced. Functional groups have been
introduced InfO the polymers to produce
resins with iOfHlxchange properties. 01­
onex Chemical Corp. 433

Flow Controller
The DFC 100. a dual-channel flow con·
troller designed for chromatographic
systems. measutes gas flows Irom 4 to
100 standard cm3 /mln. It can be factory
calibrated to measure any three of the
following gases-hydrogen. helium.
and nitrogen and 5% methane in argon.
Electronically controlled. the DFC 100
has accuracy and linearity of ±2% full
scale and repeatability of ±0.2 %. Op·
erating temperature for the flow con·
troller Is 50-140 OF. and the tempera­
ture coefficient of calibration is less
than or equal to ±0.1 %/oC. Tylan
Corp. 434

Modular Systems for Amino
Acid Analysis

A series 01 modular systems for amino
acid analysis with single microcolumn
methodology is available for both hy­
drolysate/peptide and physiological
fluid analyses. Available options include
ninhydrin or fluorescence detection.
manual or automatic sampling. split
stream analysis for fraction collection.
and single- or dual-head pumping sys­
tem. Price starts below 59000. Glenco
Scientific. Inc. 435

Combined simultaneous TG-DTA apparalul
and quadrupole mala ~trom.t.r with
coupling system has a two-stage press...e­
reduction system that allows gas analysis by
simultaneous operation of tho TG-OTA In­
strument and mass spectrometer to 1550 °C.
For measurements under high vacuum, pt'8S­
sUl'e-feduction systems are removed, and by
direct view between teSl body and ion SCO'C6,
a high sensitivity is achieved. Netzsch Broth­
ers, Inc. 405

The 7500 v_liquid ctvomalograph. wilh the mictoprocesSOf-based 740 control module.
inItlates analyses by the .- ente<ing att operating parameters such as llow rate. prtlSSU'e limits.
solvent concentration, and column tenlperaltxe. An alphanumeric display continually Inlorms
the user 01 entry status. A printer/plotter located In the 740 produces a total analyses report
that contains '1"acUentlsolvent conditions, flow rate, pressure. temperature, and operational
5latus. An optlonat data rec1Jction pacl<age prints """",Iete report information describing sample
retention times, peak 8188 and height. percent 01 concentration. and sample and Injection
nl.mber•. Micromerltlcs Instrument Co<p. 403
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Balance

The RT 200 Is a top-loading electronic
balance featuring 200-g capacity. l-mg
readability. large digital display. and an
output connector to permit data to be
transmitted to printers. computers. or
data processors. Operation is from a
single bar. and when pressed. the bal·
ance .. zeros" to allow automatic taring
of containers. Sauter 426

Recorder

The BD 40/41 flat bed strip chart re­
corder series includes as standard re­
corder pens with automatic power cut­
off In case the pen goes off scale.
Other features Include muillple voltage
spans from 1 mV. 14 chart speeds. and
stepping motor chart drives with Inter­
nal/external control. Klpp & Zonen, Di­
vision of Enraf-Nonius Service Corp.

430

HPLC Columns

The 5-/1 spherical ODS. CN. and NH,
columns are warranted to produce
40 000 plates/m or 10 000 plates/col­
umn. Typical back pressures are 30%
lower than irregular particle columns of
comparable dimensions (250 X 4.0
mm). Columns are available for the ad­
sorption. reverse. polar-bonded. and ad·
sorption-size exclusion phases. Chro-
manelics Corp. 431



"Whythe Altex 2-pump, microprocessor
controlled gradient HPLC Is a better

system for your lab:
Peter Mansfield.
Director of Marketing

"TwO pumps are better than one:'
"The Altex Model 332 two-pump system generates
solvent composition vel)! close to the inlet of the column
so that gradient profiles are sharp. and complete
solvent changeovers can be made quickly and efficiently
The microprocessor-controller uses a unique
command sequence to ensure accurate solvent
concentrations - even at extreme ends of the
gradient. In addition. two pumps mean you can operate
the system as two isocratic HPLCs when your
workload demands_

into any sequence for
automated methods

development. Plus an ahnost
infinite variety of gradient
shapes and flow profiles­
assures ma.ximum resolution

of any sample_
"You can buy a spectropho­

tometer with the money you'll save!
Not only does the Model 332
represent a moderate initial cost, it
will also stretch Iiour lab money
in the years ahead. because com­
plete obsolescence is impossible_
You \vill always be operating at

, •••IIi......" the highest levels of performance
i by replacing

individual modules as advances
in instrumentation become
available. Let me send you
full details on this and all the
Altex HPLC products:'

CIRCLE lOON REAOER 5ERVICE CARD
See UI at tha 1979 PIUlburOh Conf...ence in Booths 1013-14-15-16



New Products

Environmental Analyzer

Model 1560 automated analyzer can be
designed to separate and analyze the
material of interest from all Interfer­
cnces in the sample environment in the
percent to ppb concentralion range.
Data may be recorded permanently via
strip chart as a bar graph in addition 10
the digital display. Current applications
Include the automatic analysis 01 ben­
zene, vinyl chloride. phosphine, and
other environmental and industrial pol­
lutants. Analytical Instrument Develop-
ment, Inc. 442

Specific Analyzer

TIle portable acrylonilrile/benzene spe­
cific analyzer. developed in response to
new OSHA standards, has delection
limits less than 0.5 ppm in the pres­
ence of common industrial interfer­
ences. The analyzer has continuous di­
rect readout 01 total organic vapor and
uses GC for the analysis of acrylonitrile
Of benzene in the air sampled. Century
Systems Corp. 438

Plasma Excitor

Plasma excitor 300-t can be used for
cleaning and treatment of surfaces and
'Of ashing of organics prior to chemical
analysis. The 300-W RF power supply
and the long chamber permil process­
ing of several samples simultaneously.
Technics 439

.",.".,. .

---..i._-...........

For more Information on lIated Itema,
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The Miran GC-IR delector monitors
separale multichannel chromatograms
for components differentiated by m0­

lecular functional groups. It is highly
sensitive to specific gases and general­
ly interference Iree from other sub­
stances. Acc...acy is unaffected by
1I0w, pressure. and temperat...e
changes. The detector provides supple­
mentary information as to the chemical
nature of the eluted components. Fox-
boro Analytical 437

The Il Plasma-1DD automated Inductl.ely coupled "","'-_t plallN ~ronMllOfde·
termines anyn~ 01 ektments a1 any wavelength. Using a typewriter-style keyboard. ooe
selects the waveleogttl for each element by answering questions put by 8 23 X 17 em vkjeo
display. Bad<!10lfil correction and the portion 01 the plasma 10 be _ can also be selected.
In operation. two rapid-SC8Ming double l'TlOOOChromators are driven by stepping mot()(S from
one wavelength to the next. with emissoo lines trewn 8 merCtIY SOIICC used as the wavelength
reference. Price is near $40 000. Instrumentation Laboratory Inc. 404

GC-IR Detector

Liquid Sampling Valve

TIle RotaSphere high-pressure liquid
valve is intended for liquid phase sam­
pling of pressurized mixtures up to
1500 psig at temperat...es 10 50°C.
TIle design is based on a stainless steel
ball pierced by two ports 01 equal di­
mension. Each port acts as a chamber
containing a metered volume of sam­
ple. Rotating the sphere connects each
chamber with either the sample/vent
lines or to the column with the carrier
gas. The steel chamber does not
change as a function of time, ensuring
sample repeatability. Carle Instruments,
~~ 444

Monochromators

Model VM-502 vacuum monochromator
Is a 0.2-m spectral Instrument for the
vacuum UV-UV-VIS region. tt is
equipped with a standard aberration­
corrected concave holographiC grating
and wavelength-oplimized optical coat­
ings. The instrument can be set up in
the conventional "V" conliguation or
in a stralglt tIlrougl configuration that
allows the entrance and exit slits to be
180· apart. The VM-505 is a modified
hall-meter Czemy-Tumer type evacua­
ble seaming monochromator with
wavelength range from the vacwm ul­
traviolet (1050 A) to the lar inlrared.
Model VM-505 with a 1200 g/mm grat­
ing has a mechanical scanning range
from zero order to 12 000 A. TIle reso­
lution Is 0.3 Aor better with the stan­
dard 1200 g/mm grating installed.
Acton Research Corp. 429

Spectrometer

Model Dl-203 triple spectrograph has
superior stray Ilglt rejection and very
last 1/5 optics. The optical system. al­
lowing variable dispersions and resolu­
tions by use ofhlTeted optics. elimI­
nates the need to change gratings for
varying experimental parameters. Ac­
cessories make the Dl-203 useful lor
klnatics. Raman. and fluorescence
studies. Instruments SA. Inc. 423

Conductivity Meter

Model 212 conductivity meter is a di­
rect...eading meter with digital display.
An analog recorder output also permits
continuous monijoring 01 conductivity.
Operating at a frequency 01 10000 Hz.
polarization problems are minimized,
and the need lor platinized electrodes
is eliminated. Accuracy is 1% lull
scale. and measurement ranges are
1-10000 /In. Wescan Instruments. Inc.

432

Gas Calibration Kit

Model 722-1< gas calibration kit aids in
the preparation 01 standard gas mix­
tures 01 known composition. TIle heart
01 the system is a movable. sealed pis­
ton within the cylindrical acrylic cham­
ber with calibrated scale units. The pis­
ton Is raised by gas pressure. or low­
ered by vacuum. through the inlet Iitting
at the bottom 01 the cylinder. The cali­
bration kit Includes pump, tubing. an as­
sortment 01 precision hyperdermic sy­
ringes. and a fitted carrying case. Hous­
ton Atlas. Inc. 436
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Visit our booth 1717 at the
1979 "Pittsburgh" Conference

FOR ELEMENTAL MICROANALYSIS THE

PERKIN-ELMER MODEL 240
ELEMENTAL ANALYZER

IS THE RECOGNIZED LEADER.

BUT IT IS A TEDIOUS AND TIME DEMANDING
INSTRUMENT TO OPERATE UNLESS IT IS
AUTOMATED. AND THIS IS WHERE WE EXCELL.

I

H
I

N-S-O

If you already have a 240, we can offer several alternatives:
1. Single sample data handling system (all calculations) with

solid state timing control of the 240 to increase production
by 25% (5 samples per hour instead of 4), including single
sample automatic injector and input/output printer

2. Full automation of sample injection and all calculations of
an existing 240 to handle 64 samples without operator
attendance

3. Or we can rejuvenate your old 240 to include the features
of the new Model 240B (See Alt. 4)
- With single sample automation
- With 64 sample automation

$ 8,810.

$11.550.

$13,310.
$16,910.

If you wish to buy a 240, you have 2 basic options:
4. We can supply you with a reconfigured 240, rebuilt from

bottom up with new upgraded electronics and incorporating
the latest improvements in the 240B (vertical scrubbers &
traps, 2 additional valves)
- With single sample automation $15,310.
- With 64 sample automation $18,910.

5. Or you can buy a 240B from Perkin-Elmer with fewer features
and for more money.

We stock glass ware, supplies and service parts for the 240 analyzers
and our prices are up to 50% less than the Perkin-Elmer prices.

INSTALLATION: Included above. except travel and living expenses
portal-portal. charged at cost.

WARRANTY: One year on parts and labor, F.O.B. our factory,
except input/output printers where manufacturers
warranty applies.

TERMS: 1% 10-Net 30 Days. F.O.B. Lowell, Mass. Prices valid
in continental U.S.A. only.

C CONTROL EQUIPMENT CORPORATIONC 171 LINCOLN STREET, LOWELL, MASS 01851 • (617) 459·0573
CIRCLE " ON READER SUVICE CARD



The Car)' 210 IN-VIS ......._,_ has an absorbance range 01 -0.6000 to H.OOO. The
electronlo-Oeoe _lne CCfTecto< Is programmable lor dlfferent acan conditions. Oper.tlng
par...-s ouch • ..,., epeeds, aIll _, and absorbance rangao .... v...1ed using tha front
panel. The 'OMlY-'" c:ompat1ment can accommodate two Ilv&-eell turr.:s. mlcrocell.,
and~celII.Priee10$11995. V...IanIna~DlvIsIon 408

New Products

Chart Recorders

Model 47-TR series 01 strip chart re­
corders can take digital data directly
from computer or Instrument bus. It
conver1S digital Input into a smooth al\8­
log ewve at a writing rate 01 75 em/s.
Paper advance and pen lilt are under
digital control. Model 57-DS chart re­
corder, with a high-speed electronic
data storage buln in, Is used in ob- .
talnlng hard copy recordings 01 either
recurring or single-shot transients. It
continually conver1S an analog voltage
Into 10 blt digital words, stores them in
RAM, and retains the most recent 4096
words; upon receiving a trigger sigl\8l,
the recorder will plot 4096 words. The
plot may be allocated to all belore, all
alter, or a porlion belore and a portion
alter the trigger. Appllcatlons areas are
stopped flow, temperat..-e jump, flash
photolysis, and anodic stripping. Price
01 the Model 47-TR is $785. Pedersen
Instruments 448

Balance

Model 1201 MP-BCO electronic top­
loading balance olters a weighing range
01 30 g with an aCCU"llCY 01 0.1 mg. It
leatures a 7-segment digital readout.
lull range push-button taring, chamber
with tlYee accessible sides, and BCD­
output permitting interfacing with print­
ers and calculators. Sartorius, Division
01 Brinkmann Instruments, Inc. 453

Pump-Colorimeter Analyzers

Two continuous sampling pump flow
analyzers for the colorimetric analysis
of free and total chlorine in water and
wastewater are available. The colorim­
eter uses a single-beam. dual-wave­
length. ratio optical system that cor­
rects for a substantial amount of t..-bidi­
\y. A piston in the colorimeter cell
wori<s to measure and transport the
sample. expel air bubbles, and clean
the inside surlace of the cell contin­
uously. Method of analysis Is based on
N.N'-<liethyl-piJhenylenediamine, with
three testing ranges to choose from:
0-0.5. 0-1. and 0-2 mglL. Hach Chem­
ical Co. 440

Capillary Columns

The split/splitless capillary injection
system combines the all-glass splitter
system of German and Horning and the
splitless inlet design system of Grab.
The lour three-way solenoid valves
allow changing from one mode of oper­
ation to the other. A push-button switch
controls the inject-purge function.
whereas a three-way toggle switch se­
lects split, splltless. or remote opera­
tion. Three models are available: Model
560 with single capillary inlet system
and single conventiOll8I inleI. and two
versions of Model 550 with either dual­
or single-capillary inlet system. Tracor
Instruments 451

Calorimeter

Set.ram C 80 calvet mlcrocalorlmeter
leatures expendled tempereture renge
to 300 0, pressure operation to 100
bars. Isothermal or scanning tempera­
ture operation, removable sample cells.
sample size to 15 mi.. and rapid cool

'. down by fan. Optional equipment In­
cludes joule callbratlon system and
computer interface lor data reduction.
Merche Instruments. Inc. 441

LC and GC Filling

A Iitting of type 316 stainless steel, fea­
turing low dead volume, Is available in
'1,.- and 'I._in. o.d. tubing. The Iitting
has a perllUOfoelaStomer seal Of Du
Pont's Kalrez that can withstand 500 OF
and is chemically inert. The basic unit
of the series 20 fitting consists of a Kal­
rez sealing disc. a nUl. and a 6-ln.
length of tubing with one welded head
and one plain end lor interfacing with
other fitting systems. General Valve
Corp. 443

FT-IR Spectrometer

Model (X-6200 dual-beam. rapid-scan
Fourier SpectrolT1fller has spectral cov­
erage from 4000 to 600 cm-' with a
resolUlion of aboUl 2.0 cm-' and a min­
imum scan time of less than 2 $. Sin­
gle-scan amplitude resolution is better
than 2 %. and averaging of up to 256
scans is provided. User input is by a
solid state keyboard with a CRT display
and an XY plotter provided. Price Is less
than S20 000. Laser Precision Corp.

445

Gas Chromatographs

Series-Sx gas chromatograph operation
is based on automatic sample Injection
and column switching by motor-{jriven
valves. Thus. the Instrument has four
separate control channels for operation
of up to four valves or a combination 0'
valves and other functions such as re­
co<der on-oll and solenoid operation.
The Series-Sx is conlrolled by the
user's in-house computer or micropro­
cessor integrator. Carle Instruments,
in~ 446

pHllon Meter

Model 135 microcomputer-controlled
pH/ion meter has memory capability for
storing calibration points to enable
users to cycle determinations from one
mode to another without recallbratlng
between measurements. Temperature
variations are automatically compen­
sated. Instrument control Is done
through the flat keyped. Corning Glass
Wori<s 456
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GENERAL ELECTRIC'S
HYDROGEN GENERATORS

AREULUSfED
General EIec~tC'sh-,o-ogen gene<'

ale< sels lSVf)()tched stondcJels Ie<
pe<le<monce and deperodob<hlV Fe<
use<s 01 gas ctvcmotogophs, ,crhzotlQn
detecte<s and related eQ.J>pmerlt, It

prCMdes the on,slle. on<iemond SO<.IC8

01 h'gh'PlI'IV t"r,Orogen tnev need

UL U.t.d-plu. all
th••• aetvantag••

• Low·pressve. low-I.oIune gene<Q1lQn
slmph"es compliance Wlth OSHA
reQJlrernents

• Ehm'rctes the need Ie< hJg>-pressue
Sle<oge ~lnderS
• Sold po/'yme< ele<:1ro¥e elltTlorc1eS
gas s~eomconrom,notoon and ensues
long hIe
• Ma,ntalns gas PlI'IV WlthOJ
pollcX1!lJ'Tl dlttuse<
• Uses dishlled wate< If\S!eOd 01 caJShC
soda
• P\'CMdes occuote output pressue
con~oI- ±05%-150e<225cc/m,n
STPLhlts
• Compact and logh"~l

• Prc>.en p:ofoll 0 ceW1th preIIIC1JS

lS'\Ils-QI.€( 3.500 on use

Get all the facti
~IeGeneralEIednc~...

[)reel Energv~ Ptc:Qa1ls..
50 Fc<c:t1an Rood. 'Mrninglon.
Mossoc:t>.JseI! 01887

l103S

GENERAL. ELECTRIC
CIRCLE 93 aN lEADER SUVICE CARO



iJhe economical method of producing
high purity, oxygen free gas for lab­
oratorY. analytical instruments and pro­
duction opplications.·
The Dlamond disposable gas purifier,
a pOlished aluminum canister con­
tainirlg an oxygen "getter" ... removes
oxygen. trace amounts of organics
aoo water from standard bottled gas,
including Nitrogen, Helium, Argon or
tfydrogen, to less than 1 ppm. A single
canister~ 3 standard 300 cu tt
cylinders aAd is available with ~" or
"" SwagelOk type fittings for ease of
Inllna hook"p.
S84.00-quantttv discounts available
••• truIV an economical additIOn to
~lab·

ClRClf 49 ON READER SERVICE CARD
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New Products

Titration System

Tltrlmax. a modular titration system,
comprises an automatic titration con­
troller and buret. Volumetric tltrations
can be plotted with raagent delivery
rate controlled by tha slope of tha titra­
tion. Tltrations with automatic detection
of tha Inflection point and automatic
end point tltrations, as well as tltrations
with controlled Increment addition 01
tha reagent. can also be produced.
Astra Scientific International, Inc. 457

Fluorescence Flow Cell

U fluorescence flow cell, constructed
with a fluorescence-free grade 01 fused
silica. Is designed to lacilitale monitor­
ing 01 HPLC fractions while using a
spectrolluorlmeter. The sample cavity
is constructed to keep tha volume to a
minimum (20 III nominal). and enables
tha cell 10 fit any cuvette holder. The
cell has a large aperture capable of ac­
cepting tha full exciting and fluorescenl
radiation. Precision Cells Inc. 454

HPlC Gel Filtration Columns

Tlvee types of Bio-Sil GFC packing col­
umns are available: GFe-l0, 50. or 100
with 100. 500. and 1000 Apo<e sizes.
respectively. Each type 01 packing Is
available In two column sizes: analyti­
cal columns (250 X 4 mm) for rapid
molecular weight estimalion. and high­
resolution/preparative columns for de­
manding separations or purillcalion 01
milligram quantities 01 malerials. Bio-
Rad Laboralories 455

HPlC Columns

Reverse phase columns packed with
Blo-SII 00S-10 are guaranleed to pro­
vide alleest 5000 theoretical plales. 10
have peak asymmetry or tailing no
greater than 1.5. and to have a flow re­
sistance parameter. q" in tha 1000­
2000 range. Each column is shipped
with a test ct~omatogram and a sample
vial of tha lest mixture used so that lhe
test results can be verilled. Blo-Rad
Laboratories 458

Water Purifier

Mllli-R/Q water purifier produces 3 l/h
of CAP/ASTM Type II water, exceeding
tha purity of double-dlstilled water. A
molded polypropylene case holds three
cartridges. The first Is a prefilter. fol­
lowed by a spiral-wound reverse osmo­
sis membrane. Waler then flows
through a three-stage polishing car­
tridge In which a dry-pack carbon re­
moves organics, and a mixed mem­
brane filter removes particles and mi­
croorganisms. Price Is $895. Mllllpo<e
Corp. 480



For Creative
Chromatography

Specify
Spectra-Physics.
SP 4100: the first intelligent integrator

Our new single·ehannel SP 4100 Computing Integrator is
really sophisticated. and yet costs far less than other units
with fewer features. SP 4100 Is easy to use-plug it in. touch a
bUllon, and you get Area and Area '!o report. If you want more.
h has truly Intelllgent dialog-it asks only relevant questions
for the data manipulation you want. Dynamic Integration Is
standard-automatic integration with dynamic evaluation of
parameters will integrate each peak optimally.

Let us show you how SP 4100 can help vou do more creative
chromatography. It's what you'd expect from Spectra.Physics.
the company that invented the computing integrator. USA tkadqua.n~:

Sp:ctra.Phvs.io
290S SInKler Way.
~t.aC1an.CA

95051
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EX"TECH INTERNATIONAL CORPORATION
11': 51.\1(' SllM1 B.,)~!QI'l "'la~ OZ109, USA
:(' (4'1J;-;"·0,00· c.:-. t,·tOt· lr'f.:).l,"?'l

Request FREE Catalogs on these and
EXTE.CH's other portable meters & probes.

See us at the Pittsburgh Conference, Booth If 1813
CIRCLE 63 ON READER SERVICE CARD

Accurate total inlct prcssure
measurement can be the key
to your success in rcalizing JC·

curate results from analytical
instrumentation such as gas
chromatographs and mass spec­
trometers.
The MKS Baratron® Type 170
capacitance micro- mJnometer
is widely used for accurate
prcssure measurement in such
applications.
Inlet temperatures ambient to
300°C.
Send for data on our 110 Series

PRESSURE MEASURING
INSTRUMENTATION

the ideal
GC/MS

CIRCle 13S ON REACER SERVICE CARD

TYPE )10
SENSOR HtAO

Parker CPI Single Ferrule Fittings:
Why Fewer Places To Seal And Fewer Parts To Assemble
Give You More In A Tube Fitting.
Parker single ferrule fiMings have only Ihree
pieces. Fewer surfaces to seal and fewer parts
to assemble. It's a simple design that keeps your
system secure. That's reliability!

'l'ou get other advantages too. Low torque as·
sembly. Available off·the·shelf in 316 sta,nless
steel. brass. steel. aluminum and monel. Other
materials on request. Heat Code Traceability.
All configurations from 1/16"to 1".

There really IS a dIfference In tube f.lllngs Ask
your local Parker CPI Dislnbulor or wole to the
Instrumentalian Connectors DiviSion,
Parker Hannifin Corporation, 9400 S. MemOrial
Parkway. Huntsville. AL 35802.

CIRCLE 165 ON READER SERVICE CARD
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PACIFIC
PRECISION
INSTRUMENTS
~ ....._-
1040 Shary Court
Concord. California 94518
(415) 827-9010

MODEL MP-10188 CZERNY­
TURNER MONOCHORMATOR
for UV. VISible. and Near-1nIrarecI.
1180 !:jrovesJmm standard.
Wavelengttl readout diredly in

troms. Variable slit width
~dout in microns. Six switch­
seleclable seaming speeds;
bidirectional. Computer c0m­
patible. Brochure available.

CIRCLE 166 ON READER SERVICE CARD

ANAlYTICAl CtEMlSiRY. VOl.. 51. NO.2. FEBRUARY 1&7& • 24'"

-.P8rter·CPI Ball ValveS
, "
FNtum:.·.1
'. Tr\le'ball vaNe dealgn. .

. • PnMaure compensated dalgn ball valve/low
operating torque.

• C. rangeafrom .8 to 1.4.
• Preaaure range to 5000 paIg.
• Tempereture range: -65· to +350·F
• Available In brass or 318 atalnless aleel

(Heat Code Traceable) In popular slzea and
end configurations.



Before you shell out a Jot of money for a data system, we think you should see our latest system.
It can be easily adapted to any quadropole, magnetic, time of flight or site mass spectrometer
installations.

The Riber 150 is a state-of-the-art system that will keep pace with your state-of-the-art work.
You'll be able to acquire and analYlfl data in half the time plus eliminate downtime because

we've duplicated the syst~m to do away with single component failures. You'll get the total
interaction of two CPUs without interdependence of the system.

And, you" be able to use Simultaneous Acquisition and Data Reduction (SADR), a revolu­
tionary new foregroundlbackground software system.

You'll receive all of these benefits and more at a cost that is comparable to lesser
data systems.

So, if you ptan to automate your mass spectrometer installation call or write Riber Data
Systems today. 1

CIRCLE IS' ON READER SERVICE CARD
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Our new 800 Se
syrtnges are n'

ava1lable In
capacilies-Ire

ul to 250 ul. All
the accuracy an'

reUabtllly you"
come toe

rom Hamtlton's syrtnge
with a handle

Bent plungers are
eliminated by the 800
handle.
Larger, more subslan
110: handle makes"
rhe 800 easter tha
ever 10 hold and use.
New blow-out slop pre-,
venls plunger blow-out .
under high pressures.
Removeable needles ~

I
let you replace bent or '\,,",
plugged needles tn t~
seconds. . ~.

Interchangeable bar·, "-=;
rels make replace- :~

ments last and Inexpen- ~
siva. ~

Beller than I'" accura-. -if
. 3ir

cy and repeatabWly. :;;;.
For more Intorma1lon; ~

rile Hamtlton Company, ~
P.O, Box 10030, Reno, .•~~

Nevada 89510 ;;
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Our new BOO 5erl
syringes are n

available In
capadl1es-trom

uI to 250 u1. All
the accuracy an

rellabillty you've
come to expect

from Hamilton's syring
with a handle

D Bent plungers are
ellmlnated by the 800's
handle. ,

D Larger. more substan.
lial handle makes
the 800 easier than
ever to hold and use.

D New blow-out stop pre-,
vents plunger blow-out.
under high pressures.

D Removeable needles
let you replace bent or J\
plugged needles in '::
seconds. :

D Interchangeable bar-t;
rels make replace- =
mentslastandlnexpen- , :.
stve. .

D Better than 1,., accura­
cy and repeatablllty,

For more 1nI0rmallon.-.
write Hamilton Company. .

P.O. Box 10030. Reno. '::
Nevada 89510·1.?-
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Analytical Chemistry occasionally presents a Reader Survey section
that provides you with an opportunity to indicate your interests and
activities. Your answers help us in planning editorial material that will
be useful to you in your work.

To express your Reader Survey views, simply circle your answers on
one of these adjacent reply cards and drop it in the mail. No postage
is required.
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Hardly a week passes at Dionex without our
research staff discovering another new appli­
,,?lionlor 100 Chromatography (IC). The lech­
rwque IS as versatile as it is powerful. To keep
our users and prospective users as up to date
as possible. ~'II be publishing a series of in­
formative Datelines. backed by appbcation
notes. Perhaps what you see here will be
~OO%.on target for you. But ~'II be happy if it
Just tflggers your imaglnatKln and starts )'t)U

lhinking aboul lhe enormous polential 01 !C.

A word about the technique
100 Chromatography analyzes ions in soIu­
~i?n: Its unique characteristics include: spec­
Iflclty, and rapid. sequential analysis.
Based on ion-exchange chromatography, Ie
uses conductimetric detection to achieve un­
precedented sensitiVIty levels ...e.g.less than
10 ppb. IC is especially suited tor the analysis
of • complicated matrk:es • several ions in a
single sample· ions in low concentration in
tho prosence of a large C9ncenlration ot other
Ions· Irace (ppb) levels of ions· several
samples 01 a given type. then several ot a
different type. Dionex olfers this powerlul
~nalytical technique in three pr3lctical
Instruments that contain all you need to
perlorm Ion Chromatography rapidly and
routinely either manually or automatically.

Applications areas
Air Pollution
Analysis of ambient aerosols tOf nitrate and
sulfate; trace ions in ran water; SOl n the at­
mosphere; anions in auto/diesel exhaust; suI­
luric acid (SO,) in stack gas; su"ite. su",te in
scrubber liquors.

Wooter Pollution
ton characterization of waste elftuonts; routine
Ion analysis 01 ground walers; n""'Ie-N and
phosphale-P in halchery and blo-pond waler;
chlorldo. sullale and o.alale In paper mill
elfluenl and KraIt black liquors.

Elementel Anolyala
Trace level and interference tree analysis 01
organic fluorine, chlorine, bromine. iodine.
sullur and phosphorus after combustion of
organic compounds, polymers. and coal.

SoIl Anolyall
Direct anion analysis in KGI. UCI. anmonium
~tate. ammonium fluoride. sutfuric acid or
bicarbonate soi eX11acts.

Brine Anolyala
Oired anatysis 01 cNorate, sulfate, calcium
and magnesUn in 25% brY\e and 50% caus­
tic solutions; phosphate. bromide. nitrate. sui­
laIe. calcium and mag>OSUn in 2% bme.
Pa-r Production
Trace chloride. phosphate. su",le. sodium.
potassum. magnes&Jm and calcium analysis
in boiler. boiler faed. steam __tor.~
condensate; tuel cell effluents. Anions in
geothermal walers, coal liquification and
gasification.
Quality Control/Proc:esl
O.alate in Bayer liquors; phosphate. ammo:lia
in lertlizers; fluoride. sultate. cIYomate in plat­
In9 baths; trace anOOs. cations. amines in
eIec1ronic device process water; g1ycolale in
surfac1ants; monobutyI. dibuty1 phosphates in
utanUn relinng; haJides and sultates in foods
and lood additives; primary. secondary. tor­
I""Y. quaternary amines in monomers; nitrite.
nllrale III spanl sulfuric acids. cutting fluids
and engine coolants; amines in DMF.

New Autolon" System 12
Analyzer
Performs automatK:: IC anatysis at ppm and
ppb levels. Twelve differenl programs 01 15
steps each may be stored in the Program
Controller. Once initiated by the push 01 a
bunon. up to 99 samples may be analyzed
Without operator supervision. Two sub-pro­
grams can also execute periodically during
any mail program. Electronic peak ;,tagrotor
pnnts out all data

Auxiliary sample pump enables continu­
ous on-line monitoring; when coupled with
an on-hne sample concentrator. automatic
trace anatysis is possible. The determination
01 trace anions (below) is one example of an
Aulolon- conlinuous analysis which yields
precision 013'1'. RSD.

Spring 1979
Pittsburgh Conference
Booths 1105-1107-1109
Symposium and Training Courses
A Symposium on Ion Chroma1ography (the
first ........ at the Pit1sburgh Conference) will
leatura the co-inventors 01 the teemique­
Hamish SmaIJ and Tm Slevens 01 Dow Chem­
ical Corporation. U.SA
Dione. will be conducting 8 tranng ca.r.;e
and applications Ieclures at the Conterence.
March 4 - 9. Please call (408) TJ7~ ll224
lor registration information.

Seminar Schedule
Dione. will be conducting a one day seminar
series in the following cities. There will be a
lormal slide presentation on the lechnique
and. on applications 01100 Chromatography.
An InStrument will be available lor dem0n­
stration and sample fUMing. Please call
408-73HI700 (ll224) or wri1e to regislor or
request further information.

CITY DATE
Philadelphia!

Wjminglon Monday. Mart:h 19
Richmond. VA T_y. Mart:h 20
Raleigh!

Durham. NC Wednesday. Mart:h 21
Atlanta. GA Friday. March 23
Birmingham. At Monday. Mart:h 26
Los Angeles. CA. Tuesday. Mart:h Z7
San Diego. CA Wednesday. Mart:h 2ll
Gainesville. Fl Wednesday. Mart:h 28

PhoenMiami';~A~ Friday. Mart:!J 30_ _ Friday. Mart:h 30

New Orleans. LA Monday. April 2
AJ\>Uquerque. NM Monday. April 2
Baton Rouge. LA T_y. April 3
Amarillo. TX wednesday. April 4
Memphis. TN Thursday. April 5
Dallas. TX Friday. April 6
Knoxville. TN Mo!>day. April 9
Houston. TX Monday. April 9
Beaumon~ TX T_y. April 10

Fa information regarding appIc8tions 01 !C.
cirde the appnlIlriate nuntler.
A" _ ,,. Brne Analysis ~

Woter_"", f5.\ _1'I'lx1lcIion 159
E\emenIal AnaJys~,SO ~ Conlrol f60
Soil Analysis '57 System t2 161

DIONEX
1977 Plitsburgh
Applied AnalytIcal Chemistry Award

Dionex Corporation
In the US; 1228 Titan Way.
SoonyvaJe. CA 94086. 408-73HI700

In Europe; c/o-I. The Buchan. Cambe<1ey
Surrey. GU15 3XB England •



50 you thought GC/M5
interfacing was strictly for the birds.
Until now. interfacing your gas chromatograph with your mass-spectrometer has
been one task to steer clear of. Thanks to SGE that has changed!

SGE has developed a patented molecular jet separator and a range of micro needle valves which combine to give you a
remarkably fuss and trouble free "all-glass" system of interfacing.

The SGE molecular jet separator has been designed to produce accurate. reproducible jet sizes, alignment and spacing. All
with the capability of being temperature cycled up to 450°C - depending on the type of connections used - and without any
peak broadening or tailing effects to mar your results.

~~~~~~c~o~:~~:~:~~::~~~~~~~~r;~~J~~dt~i~~~a~~'df~~~c~~~~:~~i~~~8~ ~~~i~I:~:~~ff ~~I~~~~~~~~~~~c~~~ MS
applications 8S well as for use at high pressures (to 100 atmospheresI and temperatures up to JOOoC.
Write for our accessories catalogue;

Scientific Glass Engineering Pty. Ltd.

MNVU.

Hood Offlco
SdenlifieGlM.e [ngin<Mring Pty.lId_
111 AleWa $I., North~.Au.ln"•••1
hI. 1031125 6fi33

European Office

~:;=h~:L~·W:Z·1AY.
Gf••t8mein
Tel 01-452 6244

U.S.A OffK:1l
Sc"'nIJflc at... Engineering Inc •
2100 lor>ghotn BMl . SUlII 104
AI.oIlIn. r ..... 1I1UUS_A
TIlt {~I"J 8311190
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Re.er..d-Phe.. HPLC. Bulletin *124,
"Reversed-Phase HPLC-Whlch Col­
umn?" discusses modes In reversed­
phase HPLC, differences In mlcropartl­
cle R-P bonded phases end the func­
tlonalltles used, mobile phase consider­
ations, and a guide for selecting opti­
mum reversed-phase and column re­
Quired for the separation. The bulletin
has two appendices. Appendix I covers
applications of reversed-phase HPLC
such as pharmaceuticals, pesticides,
biologicals, nucleic acid constituents,
and proteins. Appendix II discusses Ion
pair chromatography, theory, and prac­
tice on reversed-phase columns. 40 pp.
Whatman Inc. 466

Sulfur and Chlorine Analyzer. Applica­
tion report no. 2 describes the PGT sul­
fur and chlorine analyzer, which Is
based on energy-dlspersiva X-ray 1100­
rescence. Precision is better than
±0.25 % for samples containing up to
5% of S and 7% of CI, by weight. 2
pp. Princeton Gamma-Tech 472

Strip Chart Recorder. Model 105 strip
chart recorder, featuring a left margin
event marker. automatic pen lift when
chart drive is turned 011.1.0 mV to 10
V measurement range. end response
time of less than 350 ms, is Illustrated
In bulletin 456-7. 6 pp. Gould Inc. 466

Metal Test... General alloy 10 lab
*1599 metal tester Identifies most of
the common steels by a colog spot test
for 14 alloying elements: C, Cr, Co. Cu.
Fe, Mo, Mo, Nb, Pd, S, Ti, W, Ni, end
V. These tests are used to characterize
stainless steel series 303, 309, 316,
321, 347, end 400: Hastelloys; lneo­
nels; tool steels; end low alloy end car­
bon steels. 8 pp. Koslow Scientific Co.

469

Batha. In addition to the company's
standard water, oil, end refrigerated
models, bulletin 784 includes data on
baths fl)< thermal shock. Temperature
ranges of units run from -100 to 260
°C. 8 pp. Blue M Electric Co. 473

Manufacturers'
Literature

F1ame RetardanL Data bulletin f353
describes Tharrnoguard CPA flame re­
tardant, a free-flowing white powder,
which can _ as ar~ ma­
terial for antimony oxide. It has been
used to Impart flame resistance for
polystyrene, polyvinyl chloride, polypro­
pylene, end ASS formulations. 4 pp.
M&T Chemicals Inc. 470

Pyrolyzlng SampIea for IA. An applica­
tion note enlitled "Pyrolyzlng ~Ies
for Infrared Analysis" describes the
principles of operation by which sem­
pies of such materials as polystyrene
end other plastics, epoxy resins, or var­
ious types of synthetic or natural rlb­
bers can be prepared for an IR spectro­
photometer. 6 pp. EIames Engu-ing
Co. 471

For more information on lilted 11_
circle tile appropriate numbers on one
01 our Readers' service Carda

The cAutoAnalyzer*
is the standard

and cALPl{$M
rebuilds the standard.
* Rebuilt AutoAnalyzer instruments* Full line of accessories & supplies* Applications Engineering

cALPl@M Corporation
14625 S.E. 82nd St.. Clackamas, OR 97015

503·657·3010 or 80Q.547·6275

.T,.demtrk Technlcon Corp.

CIRCLE 5 ON aEAOER SERVICE CARD

prevent vacuum leaks ... stop laboratory glass­
ware breakage use APIEZON

GREASES e OILS • WAXES
Alllozo" lubricants ... _~Iy lonnulolod to< __
high v""uum laborolory ~vl_L Tho. ..ally -'led,
high purtty, low vapor p,....,re, Itab" producb .,.. rniIbnt
to organic solvent... moat chemical Vapor&.

~:.~~~~:~:~:-:-wn~~:I~~~~~~
moderate ncuum UN to 1001 tor,. They won'! teach out of
ground glass Joints or atop cocks.

OIUl-ldoal u vapor dillullon pump t1u1da. Thoy greatly
mlnlmln the need for a cold trap, permh maximum pumping;
,peed., reduce operating and m~lnt.nance costs.
COMPOUND Q: a low coa~ putty-lin, "",..tI'- Milani.

WAXl!~orMallng vacuum Joint. mo,.. perm....."tty.

•

,. .. ClII for your Irat COllY 01 1kIII'lin 430

. I JAMES G. BIDDLE CD.
. Plymouth Meeting, Pennaylvanla 19482

Phone: (215) 646-9200 '13
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Manufacturers' Literature

Direct Drl.e Pump. Company's expand­
ed line of rotary vane direct drive vacu­
um pumps is covered. Sizing Informa­
tion, installation, maintenance tips,
pump accessories. and double-<llstilled
pump oils are also incloded. 12 pp.
GCA Corp. 477

Sclentllic Apparatu•. The fall 1978 cat­
alog Includes a microprobe digital ther­
mometer, audiovisual aids in Instrumen­
tation-AA. HPlC, and RIA-homoge­
nizers, and a liquid sample concentra-
tor. 32 pp. Tekmar Co. 476

Septum Flulll Head lor GC, Bulletin
105 describes the Septum Flush Head
that Is used to eliminate spurious chro­
matographic peaks due to septum
bleed am solvent peak tailing. Analabs.
Unit 01 Foxboro Analyllcal 467

Catalogs

Chromatographic Supplle. and Pollu­
tion Standard•• Features Ultra-80nd GC
phases and other GC accessories such
as capillary drawing machines and cap­
Illary columns. and over 700 environ­
mental pollution standards and kits In­
cloding pure PCB Isomers. PCB metab­
olites. PCB chlorinated diphenyl ethers.
chlorinated dibenzo-p-<lioxlns. and
chemical carcinogen standards. 62 pp.
RFR Corp. 475

Petroleum Anely.era. Perlormance
specifications lor Model 100 series pe­
troleum analyzers are provided In a bu~

letin. The X-ray fluorescent units are
factory-tuned to measure one. two. or
three user-specified elements. They
provide direct push-bulton measure­
ments of S, V. Pb. CI, and metal addi­
tives In gasollnes, oils, and cokes. 2
pp. Princeton Gamma-Tech 474

Chromatography and Mass Spectrom­
etry Products. The complete line 01 mi­
croliter syringes. capillary columns,
molecular jet separators, mlcroneedle
valves, and a variety of accessories Is
described In the 1979 catalog. Scientl!­
Ic Glass Engineering. Inc. 478

Gases and Gas Handling Equipment.
Catalog 88 Is organiZed into five sec­
tions covering industrial gases, re~

search grade gases, gas mixtures, elec­
tronic gases, and equipment such as
regulators, valves, and other controls.
Charts of gas safety standards and
OSHA concentration limits for gases
are also Included. 100 pp. Scientllic
Gas Products, Inc. 480

KRATOS Ire.

SCHOEFFEL
INSTRUMENT DIVISION

We appreciate the confidence these
manufactur~rs have in our products,
and we'd /ike to gain yours. If you're
looking into a variable wavelength
HPlC detector, lake a close look al
Schoeffel. You'lI be in very good com­
pany!

Call or write for our new COml)rehen­
sive brochure.

• o\\f.\
~"lO- Many leading manufacturers of

.-,. liquid chromatography systems prefer
the Schoeffel SF 770 UV-VIS absorption

monitor for use with their own instrumentation.

CIRCLE 152 OH READER SERVICE CARD

NESlAB INSTRUMENTS, INC. 871 ISLINGTON STREET, PORTSMOUTH, N H. 03801 U.S A.

REPLACE TAP WATER PROBLEMS
FIT A eFT-25 INTO YOUR BUDGET

eFT·25 Refrigerated Recirculators
will cool: Af~

• Rotary Evaporators ~I:!t;;W
• Condensers Q~,.., NF"
• Small Lasers ~L.t$ c;;Sl.-48
• Diffusion Pumps 19i!!'0
.~~~ ~~
• Electrophoresis
CFT·25 the compact,
economical, benchtop closed
loop reclrculator designed to
replace tap water. Runs con·
tlnuously.
Range- - SoC to + 3SoC
Stability - ± 1°C
Cooling Capacity -1900 BTU's/hr.

S Cali the leader - loll free

1-800-258-0830
lnN.H.call collect 603'436·9444

~~[ID the name in circulation

The Schoeffel SF 770 has be<:ome the
industry standard for HPlC delection.
And for good reason:

Y" Patented optiGl1 design maximizes
energy transmission.

Y" Conlinuously variable wavelength,
190-700nm.

Y' High sensitivity; low noise and drift.

""" Double beam system for true sample
absorbance measurements.

lit" Compact size; eJsy to operate.

lit" InterfJces easily with any liquid
chromatograph.

Y" Wide choice of useful accessories.

Y" Provision for bJseJine Jnd
backgrou~d compensaled
wavelength scanning.

U.S.A.: 24 Booker SHeet. Westwood. New Jetse)' 07675

(201) 664-7263. Tele. 134356

EUROPE: 2351 Trappenkamp, Celsiusstraue 5. W. Getman)'

(04323) 2021, Tele. 299660

258 A • ANAlYTICAl CHEMISTRY. VOl. 51, NO.2. FEBRUARY 1979



inexpensive MiniBeam compatible with your
existing surface analysis equipmenl. And
because iI's compact in size, you'll find the
MiniBeam Gun allaches easily.
Find out more about Jerry and Tom's
precocious "baby." Write for 3M's free
information kit called "New Dimensions in
Surface Analysis."
There's no cost or obligation, so let us hear
from you today.

Research specialists Dr. Tom Rusch and Dr.
Jerry Sievers sometimes call the 3M
MiniBeam Ion Gun "our baby."
Because they invented il. And they're proud of
il.
II's easy to see why. Their objective was to
develop (1) a compact, adaptable and easy to
use ion gun system, (2) a gun system with
scanning capabilities, and (3) a system to
provide sUbstantially improved spatial
resolution at a cost much lower than any
other available.
Well, their work paid off.
After months of thought and experimentation,
computer simulation and an occasional dose
of educated guesswork, the MiniBeam was
born.
3M's Mini!3eam Ion Gun can give you much
more precise surface analysis data because it
produces an ion beam less than 125 microns
in diameter to allow pinpoint accuracy.
Compare that to competitive ion guns with
beam diameters of several thousand microns.
What's more, you'll find the surprisingly

Analytical Systems I 3M
Building 53·35 3M Center
Saint Paul, Minnesota 55101
612 I 778·4009

In Europe
Cambridge Instrument Company GMBH
D 4600 Dortmund 1
Postfach 1404
West Germany
(0231) 126086·89

CIICLE 143 0" IfADliI SEtvlCE CAID

Send for
your FREE
copy today.

3M



Measures particle size/Volume (weiQht)
distributions with pushbutton simpliClty­
delivers X-V plots in 40 seconds.
Just put in the sample, insert a chart and press a bullon. In less than a
minute ASAP measures particle size and computes, in its microprocessor,
particle size and volume (weight) distributions. II" x 17" X-Y plots are
automatically delivered In your choice of 'any or all of six different modes of
data presentation, cumulative or differential.
NON-ELECTROLYTlC Hw::e PRINCIPLE/ You don't have to use electrically
conductive carrier fluids. You can use water, alcohol, oil, solvents-almost
any liquid-even viscous fluids, with HIAC accessories. Standard sensors
cover from 1 micron through 1000 microns!
HIGH RESOLt1TlON PRECISION/ ASAP can analyze up to one million
particles per sample, with an accuracy traceable to NBS cerlified materials.
Wide-range sensors analyze broad size distributions quickly, easily.
DIVERSE APPUCATlONS/ Include powdered materials of all kinds­
pigments, pharmaceuticals, metals, abrasives, ceramics, sediments, IiIlers,
cement, ash, toners, food products. Uquid applications include emulsions,
synthetic fibers, resins, agricultural chemicals, catalysts. Research and
Development or Quality Control, ASAP can analyze your material quickly,
accurately and easily.

GET A FREE DEMONSTRATION-ASAPI

~ or s~~J~u~~~bp~nf6~f:e~:~~:~~1;
~ In our Applicalions Laboratory.

SCJ~~~~E'" ~ HIAC INSTRUMENTS DIVISION

P.O. Box 3007. 4719 Brooks St., Montclair, Calif. 91763 Phona: (714) 621·3965
CIRCLE 164 ON REAOER SERVICE CARD
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Manufacturers' Literature

Automatic Chemical Analylls Sys­
lema. Complete systems and modules
for automatic continuous flow analysis
of water, soli, plant, food, and pharma­
ceutical samples are available in cata­
log CFA 5000. Technical details on I,
2. 3, 4 channel systems of an automatic
sampler, peristaltic proportioning
pump, UV-VIS spectrophotometer
(200-850 nm). one and two pen record­
ers. single- and multichannel digital re­
doc1lon units, and a list of analytical
cartridges (EPA approved) are Included.
Lachat Chemicals, Inc. 479

Chemical Standsrd Kits. Catalog CS­
101 gives detalis on the environmental
and pollution klls as well as others In
the company's 8POO lab chemical line.
On display at the Pillsburgh Conference
are EPA water pOliutlon, OSHA carcino­
gen and regulated chemicals. EPA
"Consent Decree" priority pollutants.
polynuclear aromatics. nitrosoamine
compounds. and pesticide standards
kits. Cham Service. Inc. 481

Magnetic Drl.e Gear Pumpa. All
pumps shown Include photo, perfor­
mance curve. dimension drawing. rna·
terials of construction, and molar char­
acteristics. An assortment of electric
and air motors for use with the pumps
is also described. 24 pp. Micropump
Corp. 482

Gla..ware and Appa,a.us. Catalog
TG-50 features Alrless-ware. Banlam­
ware. biomedical, chromatographic.
cryogenic and distillation apparatus,
flow meier, Kern-kits. precision bore
products, and vacuum apparatus. 300
pp. Kontes 483

Vacuum Pumping Systems. Central to
these pumping systems Is a unit that
combines in one vacuum-brazed as·
sembly a diffusion pump, bailie, and
valve. For these packaged pumping
systems, three sizes are available. 4
pp. Edwards High Vacuum, Inc. 484

Adsorbent. for Gas Purlflcallon. Cala­
log F-4240 gives a wide selection of
adsoroents for drying and purifying
many types of gases, gas mixtures, and
liquids. A brief summary of physical
characteristics and typical applications
for each of the adsorbents appears In
the catalog. Seven types of the compa­
ny's molecular sieves are listed: types
3A, 4A, 5A, and 13X for drying and pu­
rifying palroleum-derlved gases; type
AW-500 which Is resislant to acidic im­
purities, and types 4A-XH-5 and 4A­
XH-6 for dehydration of a system con­
taining R-12 or R-22 refrigerant gases.
16 pp. Union Carbide Corp. 487



At the Pittsburgh Conference.
talk to us about the High·Resolution Mass

Spectrometer thaI will take care of your requirements right through
the next decade ... the new KRATOS MSBO.

Here are just a few of the reasons you shouldn't operate in the 80's without the MS80 ...

• Fast. ol/·electronic ClfEI switching (no
mechanical ion-source adjustments)

• Digital control of all major functions
• Rapid scanning

• High sensitivity
• Wide solid angle source access
• Microprocessor gas chromatograph
• Super-accurate mass measurement

And... whlle you're In Cleveland/or 'he Conference... we
would olso like '0 lell you about KRATOS's other lrLS"tru­
mellIs-products rhot houe become laboratory standards
around 'he world In 'heR disciplines ...

ESCA/Au!l"r
X-Ray Diffraction

GC/MS
Dala Handling

IK'"A~S IScientific I__I _: Instruments

24 Booker Street· Westwood, NJ 07675· (201) 664-5702
Clrclo 115 for IItoraturo. Clrclo 116 for salosman to call.



AIR HAS
ITS USES

BUT NOT WHEN
ACCURACY COUNTS

With MICROIPETTOR"

WE'RE POSITIVE
Air is great for inflating bike tires and breathing, but it's not a
particularly efficient means of dispensing fluid from a pipet.
Air displacement systems leave too much residue in the
tip, and depending on viscosity, seriously reduce transfer
accuracy.

The SMI Positive Displacement MICRO/PETTOR
Plpeltlng System, on the other hand, employs a precision
bore capillary in which a precisely manufactured plunger
operates to draw fluid into and dispense it from the capillary.
The capillary is filled to a pre-set length by the plunger. Be­
cause there is no air space, the capillary will contain and the
plunger will forcibly dispense, the same amount of fluid every
time, virtually any viscosity. The plunger tip extends beyond

the end of the capillary assuring complete delivery. And the
MICRO/PETIOR system is specifically designed to deliver
with 1'2% or less carryover from sample to sample.

SMI makes pcsitive displacement pipets for virtually
every application-ratings from 1"I to 3 ml. MICRO/PETIORs
for many clinical uses; Adjustable Volume MICRO/PETIORs
for research; RE/PETIOR"s for repetitive dispensing of
reagents. All are accurate; all are economical. We're Positive.
And we'll send you a free reprint "How to Use and Check
Pipetling Equipment."

Check your distributor or call SMI toll free (800)
227-()650, (In California) (800) 772-3937, Area Code (415)
548·8000.

•s mz scientific
manufacturing

industries inc.
800 University Ave., Berkeley, CA 94710
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® Registered Trade Mark Dexsil Chemical Corporation Hamden CT.

CIRCLE .u ON READER 5ERVICE CARD

aEXIIL295 Treadwell Street • Hamden. CT 06514
(203) 288-3509

When used at lower temperatures up to 350" C. the De.sils offer the advantages
of using more sensitive GC settings and increasing column life because of the
Dexsils' low bleed. Users repon column life under routine conditions at 2, 3, 4
years and more.

Dexsil is available NOW, either directly or from your regular supplier. Write for
details, and an exhaustive bibliography of over 200 Dexsil applications.
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Journal or Surface A Inttrfl~ Analysis

Dscnd f~c sample: cop)'
Denter annual subscription

Name .

Address.......•...••..•••.

Deull:lOO GC,
r;H,·S.I·CH, .:ac..rtoeoo

~:~ ...'"' ,",, , ,
.~.o.~.o.~.o

00. CH.

DEX&IL®

S2parate amino acids, drugs, paraffins, hydrocarbons, natural waxes, pesticides,
fatty acids, steroids, alcohols, etc. - at column temperatures of 400" C and more.
Routinely. With outstanding selectivity.

Columns packed with Dexsil JOOGC have shown negligible bleed from 20" to
4scr C, Limited life applications can be performed at temperatures to socr C. Two
other De.sil polymers - 400GC and 41 OGC - can be selected according to appli.
cation, and used at temperatures to 4000 C.

High Temperature
GC Phases
Extended column life at 400·

and beyond







Books

Write for Free catalog

~INC 1804 South Columhla Lane
. Orem. Utah 84057

Builders of Precision Calorimeters (801) 224.1131

oriented fashion and introduce reo
search workers to this, perhaps un·
realized, use of gas chromatography.

The book includes 10 chapters, a
subject index, and a prefalory list of
useful symbols. The first three chap·
ters are grouped under a heading enti·
tled Introduction. These chapters
closely examine all aspects of gas chro·
malography from both theoretical and
practical viewpoints. Chapters 4-£
discuss the application of the gas
chromalographic method to thermo'
dynamic studies such as viral coeffi­
cients, properties of solutions, com·
plexation, and adsorption. The next
two chapters focus on the application
of gas chromatography to kinetic stud·
ies, and the last chapter discusses the
usc of gas chromatography' for studies
of the molecular properties of pure
compounds. The chapters include nu·
merous tables and figurl's. plus exten·
sive reference lists.

This book presents a good discus·
sion of the physicochemical applica·
tions of gas chromatography. Those
involved in physical and chemical re­
search should lind much useful infor·
motion.

Model 405 BathPrecision Temperature
Controller PTC-40

If you are interested in precision control of environmental
temperature, our products can help you.

Tronac equipment measures and controls temperatures,

• Precision Temperalure CO,"'lIrollers • Isothermal T'lrallon Caloumelers

• Temperature Controlled Baths • Heal Conduction MICfowanmeter
• Temperature Readout Bridges _ Calorimeter Control &
• lsoperibal Tilrahon Calorimeters Data ACQUISItion Systems

Ever tried to keep temperature drift
within +.OO03°C per week?

TRONAC CAN!

CIRCLE 200 ON READER SERVICE CARD New Books

VI.II u. It the PIII.burgh Conference booth••13 & .15
CIRClE lION READER SERViCE CARD

Anllblollce. lsolallon, separallon and
Purltlcallon, M. J. Weinstein and G. H.
Wagman, Eds. x + 771 pages. Elsevier
Scienlific Publishing Co., P.O. Box 211,
Amsterdam, The Netherlands; 52 Van·
derbilt Ave., New York, N.Y. 10017.
1978. $8•.75

Volume 15 of the "Journal of Chro·
matography Library" series is contrib­
uted to by 24 eminent scientists in the
field of antibiotic isolation on key
chemical families of antibiotics, with
emphasis on the isolation, separation,
and purification of these substances.
The book includes summaries of the
biological, chemical, and physical
properties, usage, and structural for·
mulae of naturally produced antibiot·
ics.

Analyllcal Chemillry 01 Liquid Fuel
Sourcee-Tar Sandi, 011 Sh.le, Coal,
and Petroleum, P. C. Uden, S. SIggl8,
and H. B. Jensen, Eds. ix + 3.1 pages.
American Chemical Society, 1155 16th
51., N.W.. Washington, D.C. 20036.
1978. $32

This bnok is number 170 in the Ad·
vances in Chemistry Series bosed un n
symposium at the 173rd Meeting of
the ACS ill New Orleans, La., March
21-25,1977. Reviews of on·going reo
search in the areas of liquid fuel anal·

Model
487·lP

• SplltJlplilleal Injection Iyatem ••••~.1II!••1!1II.
for glaaa capillary column. pro
videl high resolution

• All glaal ay.tem for maximum
performance

• SCOT or WOOl column
capability

• Euy capillary column Inalall.'
lion

• Make up gu provided
• Unear tempcw.ture programm·

ing
• Versatility
• Oust,tandlng value

Cell or wrfte tocley for complete InformItIon

~
ANTEKiN'>TRlJ~IENTS,INC.
8005 Nofth FrMWaY
Houaton. Tuu~
TB.EPHONE (7131 .'.22M TWX: 81G111·17t'2

NOW•••
A FuU Capability
CAPILLARY GC
For Less Than $5000
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': .. isn t Just a reVISIon•••it's a who
new encyclopedia •••articles are wen
illustrated ...layout ofarticles is very
neat ...(uses) common chemical
names ...seems to contain far more
references •••reaIIy impressed with
the quality••• Kirk-<>thmer has long
had a reputation for being authorita­
tive; this new edition will indeed
enhance that reputation:'

-ChemicaiE

Executive Editor
Martin Grayson
Associate Editor
David Eckroth

The third edition of the ENCYCLOPEDIA
OF CHEMICAL TECHNOLOGY is built on
the solid foundation of the pre\ious two edi·
tions. All of the articles in this new edition have
been rewritten and updated and many new sub­
jects have heen added to reflect changes in
chemical technology since the second edition.
The results, however. will be familiar to users of
the earlier editions: mmprehensive. authorita­
tive, accessible, lucid. This Encyclopedia
remains the indispensable tool for all producen>
and users of chemical products and materials.

Editorial Board
Hetman F. Mark
I)ol\'lechnic In~tilutc of New York
Do'~ald F. Othrner
l'olvl<'Chnk Institute of New York
Charles G. Overberger
Univcn;il.v or MichiJ;an
Glenn T Seaborg
Univcr.;ity ofCalifomia. Berkel.y

"impressed with the quality"-Chemical Engin«ring
"Invaluable ...authoritative"-Chemiro/ Processing
"wide ranging•..packed with goodies"-New Scientist

Volume 5 in Feb. 1979...Volume 6 due in April
•.. then four more per year to completion in 1983

New Third Edition-
KIRK-OTHMER
ENCYCLOPEDIAOFCHE
TECHNOLOGY

For prospectus, write to Nat Bodian, Dept. 092

New sUhjl'CtS have been added esp<'Cially in
polymer lind plastil'S l.I.'Chnology, fuels and
elll'rgy, inorgllnic and solid state chemistry.
composite mllterial';, coatinb'S. femlentution and
enzymes, phal111aceuticals, surfactanttechnolo·
~y,liber.;,und textiles. As in the Second Edition,
uuthor" an; lI"knowll'<!ged at the end of every
article,

In many ways, thi., edition is lin entirPly new
encyclopedia-yet its fonnat i., familiar to thlli'.e
acquainted with the earlier editions. New fea·
ture; include the use of Siunit., lL' well'L'
En~Ii.,h units. Chemical Abstracts Senic..,·s
He~i.'try Numbeni, and a completl' indexin~
hUSl.-d on automated reuie\'lIl from a machine­
relldable cOlllpO!iition system.

Vol. 1 (I~203i-O) A to Alkanolarnines
.............. 1978 ...$120.00

Vol. 2 (1-02038-9) Alkoxides. Metal to Antibi·
otics (Peptides) 1978 ...$120.00

Vol. 3 (I~2039-7) Antibiotics (Phenazines) to
Bleaching Agents

............. 1978...$120.00
Vol. 4 (I~2040-O) Blood to Cartliovas.:ular

Agents 1978 ...$120.00
Vol. 5 (1-02041-91 Castor Oil to Chlof()(llrbons

............ Feb. 1979 ...$120.00
Vol. 6 (I.()2()42-i) Chlorohydrins to Contra·

ceptive DruW; .. April 1979 ...$120.00
Vol. 7 (1-02043-5) Coordinat ion Compounds to

Dietary Fiber....Aug. 1979 ...$120.00
Vol..8 (1-02044-31 Diffusion Separation

Methods to Electrophotography
.............. Nov. 1979 $120.00

Subscription price per volume $95.00

~
WILEY-INTERSCIENCE (Subscription price saves approximately20%)
a divi.~ion ofJohn Wiley & Sons, Inc.~ f~l.'i Third Avenue In Canada: JOM Wiley & Sons, Canada, Ltd.
New York, N.Y. 10016 22 Worcester Road, Rexdale, Ontario A3619-61l
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IL551 Video ITM
AA Spectrophotometer

Makes Operation Simple.

The IL551 Video I Atomic Absorption Spectro­
photometer displays its data on a 23 x 17-cm
video screen, which has at least two advantages
over conventional data presentation. It makes the
instrument very easy to use, by providing instruc­
tions to the operator. It also graphically shows the
shape of the working curve, the form of absorb­
ance peaks, and the nature of any background
absorption. Methods development is greatly
speeded up, and the instrument is without peer
as an educational tool.

Books

ysis and characterization emphasize
the latest advances in specific analyti.
cal meLhodology nnd instrumentation.
Methods include high-resolutiun gas
and liquid chromatography, el""tron
microprobe, C·13 NMR, EPR, and
computer modeling. Twenty-one
chapters examine structural charac­
terization of solvent-refined cools, the
chemistry and composition of petrole­
um asphaJtenes, and chromatographic
studies on oil sand bitumens.

CIRCLE 107 ON READER SERVICE CARD

New Applications 01 Lasero 10 Cheml.­
try. Gary M. Hieftje. Ed. x + 244 pages.
American Chemical Society, 1155 16th
St., N.W., Washington, D.C. 20036.
1978. $23.50

This is number 85 in the ACS Sym­
posium Series based on a symposium
at the 175th Meeting of the ACS in
Anaheim, Calif., March 14-15, 1978.
The 12 chapters contain four main
subject areas-high.resolution spec·
troscopy, high sensitivity analysis,
time· resolved or kinetic spectroscopy,
and new techniques in laser Raman
spectrometry. Included are specific
discussions on luminescence, tunable
diode lasers, molecular fluorescence,
laser electrophoretic light scattering,
and Raman scattering spectroscopy.

Chemical and Blochemlcal.Aopect. 01
Electron-Spin Reoonanca Spectroo<:o­
py. Martyn Symons. xII + 190 pages.
John Wiley & Sons, Inc., 605 Third
Ave., New York, N.Y. 10018. 1978.
$19.50

Addressed to students, this book
should be suitable for an undergrad­
uate course. Topics covered include
g-value, hyperfine coupling, line­
widths and relaxation effects, exam­
ples from organic chemistry and of in­
organic and organo·inorganic radicals,
environmentnl effects, mechanisms,

Particle Size AnelyoJa. M. J. Groves.
, Ed. 440 pages. Heyden & Sons. Inc..

247 South 41st St.. Philadelphia, Pa.
19104.1978. $60

This book gives current develop­
ments in techniques and equipment
used in particle size analysis as pre­
sented at the 1977 Third Particle Size
Analysis Conference, held by the Ana·
Iytical Division of the Chemical Soci­
ety. In the 45 research and review pa­
pers presented. the areas of analysis
include aerosol particles and spray
droplets in night, on·stream analytical
control of industriaJ processes, charac­
terization of shape, laser light scatter·
ing, loser doppler and holographic
methods, and the light obscuration
principle.

SOlvents
(Where the proof of Pl,lrity

is right on the label.)
These J. 1 Baker multi·puipose solvents are idealm
Quality Conlrol and R&D for:

.. determination and identification 01 organic compounds

.. inorganic analysis .. trace elemenl analySIS

They provide extremely reliable performance ,n UV, vIsible
and IR speclrophotometry. Also excellent for
high·performance liquid chromatography (UV deleclor).

47 unsurpassed spectrophotometric solvents are available
with detailed definition by UV absorbances and GC assay.
Every label carries the aCluallot analySIS featUring the GC
assay, trace impu'rity analysis, IA "windows·, and 101
absorbance values at key wavelengths in Ihe UV region.

The 'Baker Analyzed' Photrex label provides proof 01 pUrity
and spectra suitabilIty. as well as valuable reference data.

Write for free brochure
For Instrumental Analysis
the professional chooses
J. T. Baker See USlt!h. PilUlJU'ih

Conf.rence. Booth. 405. 407.
409&411.

J. T. Baker Chemical Co.
Phillipsburg, N.J. 08865

201859-5411

In.trurrlel1UtJon Laboratory Inc., Jon.pln Rood,
Wilmington, ...... 01887. Tel.: (617) 658-5125.

~ InstrunentaUanLabDIiItDI'Y
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We took on the biggest
cooling challenge we
could find. The sun.

Not just ordinary sunlight, but
concentrated rays hitting the lenses of a
large telescope used in solar research.
In a major observatory, the mirrors
behind those lenses are cooled with
baths and circulators from Forma
Scientific.

Whatever the size of your cooling
job, there's a Forma bath and circulator
that has what the job needs. Capacities
from 1 to 50 gallons, temperatures from
-75°C to 100°C, proportional
refrigeration-and a control sensitivity
standard of ± 0.02°C or better. Write for
more details on Forma's full line of baths
and circulators.

Your work in medicine, biochemistry
or microbiology deserves the precision
and reliability Forma put up against the
sun. Because we're all really studying
the same thing-life.

Model 20013
Rl!!rooer<l:ledJH~hlled
B4.1tl .so C"cul.lof

Where technology begins with imagination. ....Forma Scientific
... DIVISION OF MALLINCKRODT. INC.
• BOX809 MARIETTA.OHI045150 TELEX2~

TOLL FREE USAlJOOoa48-3OllO. OHIO 814-313-4183

VI.lt FORMA Booth. 1729 and 1731 at tho Pltlsbu!'9h Conl...nc.
CtRCLE 80 ON READER SERVICE CAID



Books

CIRCLE 12 ON READER SERVICE CARD
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Applications 01 Inductively Coupled
Plasmas 10 Emission Spectroscopy. R.
M. Barnes. Ed. vii + 188 pages. Frank­
lin Institute Press, Box 2266. Philadel­
phia, Pa. 19103. 1978. $18.95

This 1977 Ell!'ltcrn AUlllyti('ul Sym­
po~ium series rnol1ogmph. contributed
lo hy J6 chemisL.... contains eig:ht iudl·
cd npplicntiol1 papers. Topics covered

Statistics. R F. Hirsch, Ed. viii + 308
pages. Franklin Institute Press. Box
2266, Philadelphia, Pa. 19103.1978.
$21

Eleven authors contrihuted to this
197i Eastern Analyt ical Symposium
!'eries monograph. which offers ~uid·

ancr in th(· application of modern
t~chniques (If experimental design und
statistical analysis. The- book's four
parts deal. respecti\'ely, with experi­
mental desi~n; basic statisticul analy­
!'is; techniques for analyzing larger
quantitirs of chemical dutu-factor
Hlwlysis, pattern recognil illll, nnd
cluster analysis; and the ullimnte dis­
Jlosition ()f analytical dUt.ll.

Blood Drugs and Other Analytical
Challenges. Eric Reid, Ed. xi + 355
pages. John Wiley & Sons, Inc.. 605
Third Ave., New York, N.Y. 10016.
1978. $47.50

Evolved from the Bionnnlytirni
Forum held in Sept. 1977 at the Uni­
\'crsity of Surrey, this book empha­
sizes chrumntogrnphy with sample
preparation as un underlying: theme.
The contents include Ras chronlllt0l:­
raphy-c81>illary and packed columns,
detectors. and deri\'utization; mass
spectrometric mcthods-GC-MS,
negative·ion MS. and HPLC-t\1S; und
HPLC, TLC. and nonchromatugra­
phic methods-ion pllir operation,
electrochemiclli detection. s<lmple
handling, deriv8tizutitm. and choice of
approach. A special feature is a section
on notes and comments related to the
foregoing topics made at the Forum on
which this book is based. together
with supplementary material. The up­
to-dale references include some puu­
lishod in 1978.

polvclectron syst.ems, transition-metal
con"lple:tes, and examples frum biolog­
ico) systems. At the end there ore four
appendices on experimental hints. ex­
tracting dalo, electron-nuclear double
rCSOIlUIlCC spectroscopy, und hyperfinc
wupling constant.s (G) for unit popu­
lution of atomic orlJitals calculated
from Hnrtree-Fock atomic wove fum'·
tions. Close to 200 references nrc cited;
most of them nrc before 197:).

Visit us at the
Pittsburgh Conference
booths 413 & 415

MODEL 707
• Accomodates up to 19

sample size
• 1 nanogram sensitivity

with dynamic range of 10S
• Extended range accessory

(Model 732) allows combined
nitrogen in percentage range

ANTEKi:-sTI~\IE\TS.I'<C
6005 Nonh F'oo"'-~r

Houston. Tlll.S 77076
TELEPHONE 17131691·2265 TWX: 910-881·1792

• Uses proven chemlluml·
nescent detection principle

• Microprocessor controlled for
greater stability and
repeatability

• Programmed temperature
parameters

• Handles from 5 to 120
samples per hour

A FAST, EFFICIENTALTERNATIVE TO KJELDAHL...

The Microprocessor Controlled
MODEL 707 Provides
Nitrogenl Protein
Analysis ...
In as Little as
30 Seconds!
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SolvehIr
Materials Problems

'lore R&D and ac labs use 6 WI 4 Mercury poroslmelry
icromerltles proven, precision ~S measures pore

nstruments 10 measure physical structure (volume. size and
ropertle. of maleriallhan Ihose shape) Irom 354 10 O.OO35.m
'any other manufacturer In the world. These diameter; density, surface area and average particle size.

fTleasurements Include: 5 Mlnualand automatic d.nslty determines absolute
k Automltlc particle Ilze distribution gives rapid volume to % 0.02cc.
I' analysis frorp 100 to 0.1 j.lm diameter. 6 El.ctorophoretic m•••·tr.n.port .R11ly.11 to study
" Manu.land automatic phYllc.l.daorption flocculation and dispersion; particle-liquid
r' 'or B.E.T. surface area from O.OOlmz.g up; systems behavior; zeta potential.
adsorption and desorption Isotherms; pore We also Invite you to use our complete Materials
structure (volume. size and shape) from 600 to Analysis Laboratory services. Let us show you how
20A diameter. to solve your material problems. Call or write

~
Minullind lutomltlc chemllorptlon measures Mlcromeritlcs Instrument Corporation, 5680 Goshen
active material availability; percent metal Springs Road. Norcross. Georgia 30093. U.S.A.

dispersion. (404) 448-8282. Telex: 71).7450.

Iffij "micromeritics'"
CIRCLE 133 ON READER SERVICE CARD
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UVfVISlBLE SPECTROPHOTOMETRY

The new 8P8-200.
Research performance

at your fingertips!
Keyboard operation combines with the flexibility of microprocessor control in ihis

brand new, high performance UV/Visible spectrophotometer from Pye Unicam.

T1l< adnaca i.a op<ial daipIud microproauor
ud loc1u........ i.aawponIed i.a Ill< di.ac
o<w SP8-200 lI\'/Visibl.scuai.ac plIoI a,
Mic:roproc:aaor CODIIO:I briap c:oa,c:nieatt (QlWU
Ada II dicital bald. corru:tioa. WGUnl,
aDI«:ODttDlnIioa ud aror ddectioa to raearcb
_,T1l< iDe.p<ial daipI oflll. pro...

srs. JOG .......... 'JIC'Id<d by, Ill< iauodllClio, of.
uaiqut aa:aAU I bI.ued, bolopaplUc p2lia1lo J'fO"idt
raolatioll ud ....' lipllipm ..... cao 001, II<
~, b<aa<d by... apcoaJ.. doubl.
-"""'" propam ... II< Id up or dwJred
i.a ......... " IC<Olllb by kcyboanlor ..,uolled
_,byalaabtororco.pata.
T1l< SP8-200 prori4a JUcla aoaJytiaI perf........

Oftr lbc fall 18S-950am nogc and is J,ccompaajtd bJ
a nr,. yuulilc lei ofsample baadli~ acccuoric:s.
Ask for dcuils of me SPS-ZOO ... lbe JpcctropbotomCltr
with the loucb of pt:JIDCU.

PyeUnicam
York Sireet Cambridge CBI 2PX Englard
Telephone 10223158666 ,Telex817331
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5+1=
versatility

Each of the live versions of the Pye UnlCam
GCD dual column gaschromatograph
IS a compact. self-contained
package desIgned for a specdlC
melhod of delecllon. Each oilers
ploven performance at a
sensible price.

While SUItable for countless
appllCahons. the GCD IS ideal for
repemlVe and routtne usage.
and achieves real economy In
this area.

GAS CHROMATOGRAPHY

Now add the
remarkable advanlages

of mlAtidimensionai
ctvomatography: the

Pye Unicam Flow
Switching Unit. 'Nhich
permits bacld\.Jshing.
heart-eutting and by­
passing. to save you

vaJuabIe lime and e!Iort
in the laboratory.

If it's time to replace your plesent gas
chromalograph and you require an
instrument for a specdic detecbon
method. the GCD IS an excellent
choice at a reasonable ploce. And the
Flow Switching Unrt will add that much
more versatilrty.

Wrrte to Pye Unocam for detads 01 the
fIVe versions of the GCD and related
accessories. and for our brochure on
Multi-olmensionaJ Gas
Chromatography.

PyeUnicam
" SClENT1FIC INSTIUolENT a::»MWl'f OF PHI.FS

VOlt< Streel,C8mbridge, Englllnd CB12PX
Telephone (0223)58866 Telex 817331
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With your interests,
you'll want to read:

Chemistry in Medicine
The Legacy and the Responsibility

Just when the entire field of health care is
being scrutinized and discussed. this unique
and valuable study report makes its appear­
ance.

Sponsored by the Committee on Chemis­
try and Public Affairs of the American
Chemical Society. this well-documented
study shows what chemical research related
to health care has accomplished in the past
and how it operates today.

The study report is packed with informa­
tion and makes fascinating reading. Its con­
tents include:

Social Attitudes and the Future for Drugs
... Health Care Needs. Organizations. and
Research ... The Origins of Drugs The
Contributions of Basic Research Drugs
for Heart Patients Chemistry in the At-
tack on Cancer Therapeutic Uses of
Polypeptide Hormones ... The Control of
Human Fertility ... The Prostaglandins in
Therapy ... Prevention and Treatment of
Genetic Disease ... Chemicals vs. Mental
Illnesses ... The Relief of Pain ... Chemical
Immunosuppressants in Transplantation
and Immunoinflammatory Diseases ...
Diagnostic Tests and Modern Therapy.

All you have to do to receive Chemistry in
Medicine is to fill out the form below and
mail it back to us!

A study by the Committee on Chemistry
and Public Affairs

Americon Chemical Society
Washington. D.C.

1977

r----------------------------------------------------- ------------------------------

Special Issues Sales
American Chemical Society
1155 Sixteenth Street. N.W.
Washington. D.C. 20036

Price: $7.50 Paper bound (Foreign orders ... add $.50)

Please send me copies of Chemistry in Medicine -
The Legacy and the Responsihility

o My payment is enclosed.

Name

Address

City

State Zip Code

eM 77

~----------------------------------------------------- ------------------------------



FOURIER TRANSFORM
INFRARED SPECTROSCOPY:
APPLICATIONS TO CHEMICAL SYSTEMS
Edited by JOHN R. FERRARO and
LOUIS J. BASILE
Volume 1-1978.311 pp. S29.75

ISBN: 0·12·254 101·4
Volume 2- 1979. in preparat,on

ISBN. 0·12·254102·2

OPTOACOUSTIC SPECTROSCOPY
AND DETECTION
Edited by YOH-HAN PAO
1977. 244 pp . S22 25
ISBN: 0·12·544150·9

PHYSICAL METHODS IN
MODERN CHEMICAL ANALYSIS
Edited by THEODORE KUWANA
Volume 1-1978.336 pp. 533.00

ISBN' 0·12·430801·5
Volume 2-m prc:paratlon

ANALYSIS OF FOODS
& BEVERAGES: HEADSPACE TECHNIQUES
Edited by GEORGE CHARALAMBOUS
1978. 394 pp. S23.OO
ISBN O· 12·169050·4

GAS CHROMATOGRAPHY
WITH GLASS CAPILLARY
COLUMNS
By WALTER G. JENNINGS
1978. 184 pp. 519.75
ISBN: 0·12·384350·2

SIMPLIFIED DIGITAL
AUTOMATION WITH
MICROPROCESSORS
By JAMES T. ARNOLD
1978. In pfcparatfon
ISBN: O· 12·053750·6

LIQUID CHROMOTOGRAPHIC
ANALYSIS OF FOODS
& BEVERAGES
Edited by GEORGE CHARALAMBOUS
Volume 1-1979. In preparation

Volume 2-m pteparatlon

ACADEMIC PRESS BOOKS ARE ON DISPLAY
AT THE PITTSBURGH CONFERENCE BOOK
SERVICE BOOTH.
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",ilor-Made Monochl'Ol11tltor Books

'_U'UI'I·'IS"
_.toatl' .... be'oOIJOOAI

&aorn_.c~

a:-.c:.~IlOIoI<.I)IlC ...
...--."., _OUMrI%

U.S. Government Publications

Encyclopedia 01 Electrochemlatry 01
the Elementa: Organic secllon. Vol.
12. A. J. Bard and H. Lund. Eds. xII +
512 pages. Marcel Dekker, Inc.. 270
Madison Ave., New Yorl<, N.Y. 10016.
1978. $88

Volume 12 continues the organic
section which in four volumes will
complete this long.standing series on
electrochemi.try of the elements. This
book contains three review chapters:
carbonyl compounds; carboxylic acids,
esters, and anhydrides: and organic
sulfur compounds. All chapters have
sections on electrode potentia), vol­
tammetric properties, and electro­
chemical studies. The chapter on car­
boxylic acids, esters, and anhydrides
includes 8 section on applied electro­
chemislry. Each section includes ta­
bles of available thermodynamic, ki­
netic, vollammetric. and other electro­
chemical data, and 8 critical discus­
sion on the known electrochemical re­
actions. Most of the references do not
extend much beyond 1974. The book
is reproduced from typewritten texl.

Continuing Series

are analysis of mewls, soil eXlracts,
plant tissue ash, geochemical samples,
air particulates, and foods, sampling
approaches, and factors innuencing
precision and accurncy.

Atomic Energy Le.ela-The Rare·
Earth Elementa. W. C. Martin, R. lalu­
bas, and L. Hagan. vII + 411 pages.
1978. $9.50. SO Cat. No. C13.48:60

Energy level daware given for 66
atoms and atomic ions of the IS ele­
mentslanthanum (Z = 57) through lu­
telium (Z = 71). Only experimentally
determined energy levels are included;
energies are restricted to excitations of
outer-shell electrons and to inner-shell
excitations up to the soft X-ray range.
The levels are wken from analyses of
the spectra of atomic gases wherever
possible; however. the levels for Bever­
al of the triply ionized rare earths are
from analYBes of the Bpectra of the

Order copies of the following PRE­
PAID at the price shawn by SD Cat.
No. from Superintendent of Docu­
ments, U.S. Government Printing Of­
fice, Washinglon, D.C. 20402. Foreign
remittances must be in U.S. exchange
and include an additionaI25~~of the
publication price to eouer mailif1#
costs

TAILOR·MADE MONOCHROMATOR tor your u.perimental ~ulrem.nl""

• lIedbte O.2m Vacuum MonOduomg.lor :===::..:.
if) ~.~~=';';::-

I ......__.....-.
•.••_. ..tI04iII ._••_-...._. ._ ..1_' _ ....__•

W.'ltlen,th-optimizedoptics
Intercl'llniUb~(liweflrr miriors m'1 be COiled u ,n(lIVldu.1
rrllrcllW hllt'fS It I 101 VUV·UV la\otl h~S.1 \.100. 1720. 1930.
2'8",3080.01 351IA)l0( I\tll'I pu~tllll:otnc, '"ClIO. OUl-ol·
bInd ftflKunct. ",nemahc mounlS .11110_ (IuICll repl.lcemenl
wlll'lOutruhl"lI'lf:nl
St,nd'tll brOI(l'SPKlrum AI·Maf 2 coallni!> ,110", ell'ClCnt
O~lhon.bo ...t II~OA•• ,ttl 80 o.. 11PIC,1 rtn~l.nc.e ,I1216A
[atleme UV cOJ1III,S 01 Osmiulll,le supphtdlOI
sI'lOI!· .. helienll:lnope"llon

Co~tibllARC aaI:UOfWS:. LICht Sources, Power 5upploeS.
:... OltlllSlon Pumptne S,sarm, =s,mple CIl.mbers. L De1tc1DI
AS$trnbhn. LUooet ~ filler Auembl,

A\:-~-~~~~I~-'"'....."~~'&"'CacI'Q COII~__COIol~_ ,""OCOofr,T1IIlOS

S.. Action R...ar~h Corp. at the Pinsburch Conl.rence. Booths 1909-1910
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STAINLESS STEEL
TWO STAGE REGULATOR

MILLAFLOW 05G-750 SERIES
Corrosion & Diffusion Resist.ntPressure Regul.tor

M'LLAFLOW OFFERS THE FIRST TWO STAGE REGULA·

.... ~:'~~F~~T:~E~~~N31:E~U~:il~':::'~~L'L~I~
LIFE AND EXCELLED DEPENOABILITV,

.......XIMUM INLET PRESSURE: 2,200 PtiI.

y.OOTLET PRESSURE RANGES: 1-15 Ptit.2·7& Ptilai1d·5.150 PNt.

• ~ LEAKAGE RATE: LESS THAN 2. 10'· WtIK HELIUM.

VERIFLO
,'NIT-AUMENT DIVISION. HO c......'"., RlitMtotl4l. CA Ma04.(.111 US-MIG

CIRCLE 220 ON REAOER SERVICE CARO
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THE NEW MODEL 240B
ELEMENTAL~YZER­
A REFLECTION
OF EXCELLENCE

The new Model 2408 is a second­
generation analyzer lor the auto­
matic determination ot carbon.
hydrogen. nitrogen. oxygen. and
sunur. The Model 2408 retains the
proven combustion and detection
design that made the Model 240 the
accepted industry standard - while
incorporating features for ease 01
operation and reliablity.

SPEED AND PRECISION
Based on proven classical tech­
niques. the Model 2408 automates
the process - increasing speed.
assuring higher reproduciblity. and
eliminating the tedium and errors
involved in weighing absorption
tubes. And because it accepts sam­
ple weights in the most convenient
range (up to 3 mg). it yields more pre­
cise results than other instrumental
systems.

EASY TO UH
AND IIAJNTAUI

The 2408 is designed to assure that
technicians of reasonable training
and skill can obtain excellent results.
All controls are located on the tront
panel. inclUding a switch that allows
the selection 01 automatic extended
combustion times. lor those hard­
to-burn samples. An external pr0­

grammer index wheel provides an
immediate update of the program
position and simplilies routine main­
tenance. And an oxygen control
valve makes it easy to convert from
C. Hand N to oxygen analysis.

ALL·NEW DESIGN
The design 01 the new Model 2408
has other leatures to save you time
and trouble. Faster heating tumaces
provide rapid equilibration. The new
pneumatic system permits gas
scrubbers and gas supplies to be
changed without instrument shut­
down. And a redesigned detector
and thermostal1ed electronics
eliminate bridge drift. assuring excel­
lent stability.

VERSATILITY AND
AUTOIlATION

The Model 2408 can be used on vir­
tually any material in which C. H. N.
O. or S need to be determined - not
just lor pure organic compounds.
Coal. fuel oil. oil shales. ocean
sediments. soils. filtered particulate
maner. gasoline. copolymers, algae.
sewage. lood. feecls. and fertilizers
are among the many materials
which can be analyzed routinely.
Moreover. the Model 2408 is
available with either recorder opel'­

ation or automatic data reduction
that provides a printed anaIytiicaJ
report.

FIND OUT IIORE
A free Irterature package gives you
all the details on the Model 2408
and its fUll line 01 accessories. Just
wrrte Perkin-Elmer Corporation.
Main Avenue. Nolwalk. CT 06856.
Or phone (203) 762-4629.

PERKIN-ELMER
CIRCLE 159 ON READER SERVICE CARD
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Advanced

technology

Books

ions in crystals or sulutions. Level
value. parity. J ·\'olue. configuration
and term assignmenla, experimental
g.value. ond ioniznlion potentials (or
mosl of the speclra are listed. Com­
plete references for the tabulated data
arc given.
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ion selective
electrodes

New sensing membrJ.ne designs.
developed by HNU Systems, rep­
resent fundamental advances in ion
electrode technology and result in
improved analylical perfonnance
in vinuaJly all key areas.

For example:
• Deteclion limils arc extended

2X-IOX lower
• Fewer interferences for most

electrodes
• Response limes up to 5X faster
• New solid matrix membranes

replace old style liquid ion
exchange membranes

• Simpler conslructions
reduce failures and extend
operating lives

A twelve page technical manual
describing Ihe new perfonnance
standards for gas sensing, solid
matrix and solid slale electrodes
and the technology advances
behind them is available from:

HNU Systems, Inc.
30 Ossipee Road. Newton. MA 02164
Tel. 617-964-6690; TWX. 710-335-7692

HNU Systems, Inc./Europe
Via Boccaccio 2, 20123 Milano. Italy
Tel. (02) 8711 86080 08 61;
TWX. 34343 EXECMIL

ASTM Publications

The followinc are available from the
American Society fur Testing and
Materials. 1916 Race St.. Philadel­
phia. Po. 19103 (USA, Canada. and
"frxiro add 3';0 shippin!: charges.
OOwr countries add 5%)

Port 12 of Annual Book 01 ASTM SIan­
danls on Chemical Analysis 01 Melals,
and Sampling and Analysis 01 Melal
Bearing Ores. BBO pages. 197B. S2B

Port 12 contains 81 standards of
which :J6% are new, revised. or
changed in status since the 1977 edi·
tion. The American Notional Stan·
dard designation is also carried by 28
of lhe standard documents. Chemical
analyses of metals standards in Port
12 cover AI and AI alloys; Cd, Nb, Cu,
and Cu alloys; ferroalloys; Fe, Ni, and
Co alloys; Pb. Sn, Sb, and their alloys;
Mg and Mg alloys; metal powders; and
Ni and Ni-Cu alloys. Also addressed
"'ithin the standards are Ni-Cr Fe al­
loys; Ag solders and other brazing al·
loys; steel; cast, open-hearth, and
wrought iron; W, Zn, and Zn allQYs:
and Zr and Zr alloys.

Part 42 of Annual Book of ASTM SIan­
dards. 602 pages. 1978. SIB

Part 42 on emission, molecular and
mass spectroscopy, chromatography,
resinography, and microscopy con­
tains n standards of which 58 are ap­
proved as American National Stan­
dards. The new standards include op­
tical emission spectrometric analysis
of aluminum and aluminum alloys by
the point-to-plane technique, nitrogen
atmosphere, practice for sampling zinc
and zinc alloys for optical emission
spectrochemical analysis, and guide­
lines for developing functional re­
quirements, and implementing, evalu­
ating, and documenting comput.erized
lob systems. In addition, ASTM pub·
lishes three related publications: spe­
cioltechnical publication Flameless
Atomic Ab.orption Analysis: An
Update 1977 (STP 618); and E·2 com­
pilation, Met1lad. for Emission Spec­
lrochemical Analysis, 1977 Supple­
ment and 6/11 Ed. 1971.
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GET MORE "INFRAMATION"
FROM YOUR SAMPLE

The compact Unit displaYing the
spectrum In such detail IS our new
Perkin· Elmer Infrared Data Stalion
Irs a microcomputer that lets you
process spectral data on the spot
Spectra can be displayed nght on
the CRT screen or reploned on the
spectrophotometer's own re­
corder. And the best news IS that
II costs less than S10.000

SIMPLE TO OPERATE
You need no special programming
skill to operate the Data Station
We prOVide an applicallons pro­
gram consisting of more than 32
different routines. Twenty-tour
special function keys further Slm-

p111y operation. Just push a key to
initiate a dialog in which the screen
asks you for any addltlonallnfor­
mation needed to process your
spectrum. Such routines as dif­
ference. smoothing. accumula­
tion. average. multiply. subtract.
add. diVide. flat. etc. are made easy
With the Data Stallon.

When you start a scan. the Data
Station goes into action Single or
repetilively scanned spectra are
taken into memory. In a maner of
seconds. the spectra can be
smoothed. averaged or f1anened.
Difference spectra can be ob­
tained rapidly by using the special
function key. while automatic
scaling speeds the process. You
can view the spectra on the CRT

screen at any point in the process:
when satisfied. plot the final spec­
trum on your instrument's own
recorder for a permanent record.
Or. ij you prefer. save rt in digilal
form on a microfloppy disk. The
unique OBEY command lets you
specify a sequence of operabons
to be performed on a single sample
or series at samples. This is espe­
cially powerful when coupled with
our multisampling accessory.

GRAPHIC DISPLAY
OF SPECTRA

The graphics capability lets you
follow the scan of the spectro­
photometer on the CRT. You can
display up to three spectra simul­
taneously on the screen: for
example. component A. compo­
nent B. and the mixture of A plus B.
You can overlay two spectra (as
shown) highlighting the differ­
ences. The GRID command
superimPQ5e5 grid lines with wave­
number calibrations correspond­
ing to the spectrum of interest. Any
portion of a spectrum's X-axis can
be expanded to fill the screen.

What won't the Infrared Data
Station do? Just about nothing. It
was designed by infrared special­
ists to make your work easier.
faster. and more accurate - to
relieve you of lIme-consuming
chores. It·s directly compatible with
the Model 283 Infrared Spectro­
photometer In your lab and can
also be used Wlth our X99B Series
and our Model 580B. Find out
more about what the Infrared Data
Stallon can do for you. For a bro­
chure. contact your nearest
Perkin-Elmer representabve or
write to Perkin-Elmer Corporation.
MS-12. Main Avenue. Norwalk.
CT. 06856. To arrange for a dem­
onstration. just phone (203)
762-6126.

PERKIN-ELMER
Expandln\llho world 01 analytical choml.try.
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PERKIN-ELMER BRINGS
YOU SIGMA BASIC...
MORE MEANING FROM
CHADMA~RAPHYDATA

GO FROM STANDARD TO SPECIAUZED
CALCULAnON5.
The SIGMA 10, preprogrammed to plot annotated
chromatograms and to integrate the data, provides a
fUlly-documented quantitative report on a single sheet
of paper for as many as four data channels simul­
taneously. A typical report looks like this.

However, otten you need further specialized calcula­
tions. A short, simple program wrinen in SIGMA
BASIC makes them possible, You can turn the data
in the typical report into concise. meaningful
information.

Ordinary data handling systems for chromatography
can give users the ability to get large amounts of data
from a chromatograph, but not the flexibility to reduce
that data to meaningful information, SIGMA BASIC,
an exclusive feature of the Model SIGMA 10 Chroma­
tography Data Station. provides that flexibility. Imagine
taking standard chromatography data and convert­
ing it into almost any form you need, It's possible with
the SIGMA 10,

IMAGINAnON-THE KEY.
SIGMA BASIC lets you use imagination to create solu­
tions according to your needs, You can choose how
much computer power to use, choose one of many
programs in Perkin-Elmer's SIGMA BASIC library, or
choose to write your own programs exactly matched
to your specific needs, You can call on SIGMA BASIC
to pull you through both routine and speciallabora­
tory procedures, And you decide just how far you
want to tailor the results,

Actual printouts are about three times
larger than shown here,
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WHAT ELSE CAN SlOMA BASIC DO?
Rarely is the analysis complete after the chromato­
gram is run and the standard Quantitative data is made
available. The required information must be extracted
from the data. SIGMA BASIC provides a limitless
combination of ways to unlock this information. For
example, with SIGMA BASIC you can convert molar
Quantities in a natural gas mixture into compressibility
factor, gross caloric value, relative density, Wobbe
number, and much, much more.

LABORATORY DATA HANDLING
AND AUTOMAnON SYSTEMS

Perhaps a graphic presentation of data, such as a
plot of normalized molecular weight distribution by
gel permeation chromatography, is more meaningful
for you.
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Or, you may want a standard compilation of several
runs of data, automatically stored and summarized. to
help you test the validity of your data.

SOME QUESTIONS YOU MIGHT HAVE.
CAN SIGMA BASIC DO MORE? YES. The applica­
tions are virtually limitless. With its ability 10 access
raw data, SIGMA BASIC can even produce informa­
tion from data generated by instruments other than
chromatographs.

WHAT IS SIGMA BASIC? A SPECIALCHROMA­
TOGRAPHY-ORIENTED EXTENSION OF BASIC.
BASIC is a simple-to-use yel powerful programming
language It has become the standard for both labora­
tory and home computers.

CAN I SELECT RATHER THAN WRITE PRO­
GRAMS? YES. If you prefer, you can select a program
from our Users' Library. You may find a program
already written to suit your needs. If not. it is easy to
modify an existing program.

With SIGMA BASIC, you can operate the SIGMA 10
as a totally automated custom system -the SIGMA 10
can request the information needed to do a specific
series of analyses - in an unaMended manner. over­
night or over weekends. You define the precise form
of dialog to match the level of the instrument operator.
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WHY DO I NEED SIGMA BASIC? IT OFFERS
GREAT FLEXIBILITY IN A SMALL PACKAGE. To Iry
to provide all the flexibility available with SIGMA
BASIC as a standard part of a chromatography data
system would require a large and therefore costly
system. Also, SIGMA BASIC is multi-user and re­
entrant: several BASIC programs can be run
simultaneously.

RND OUT MORE.
Learn how the SIGMA 10 with SIGMA BASIC can
simplify laboratory data handling. Request our litera­
ture describing its long list of benefits.
Ask for a demonstration. Call (203) 762-4487. Or
write Perkin- Elmer Corporation. Main Avenue MS-12,
Norwalk. CT 06856.

PERKIN-ELMER
Expanding the world 01 analytical chemistry.
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Editors' Column

Try an order af custom-made packings or custom-packed
GC columns containing 12Q1140 mesh GAS-CHROM Q
(super-fast service an these). Write far details.
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Josephine M. Petruzzi

scripts are usually out to reviewers
within a week. Reviewers are prodded
on a regular basis. Lengthened pro­
cessing times may mean slow review­
ers, the need for a third review, or
time used by the authors in revision.
This is not to say that any particular
manuscript might not run into trou·
ble. An especially novel researeh con­
tribution may be difficult to get re­
viewed. Controversy between review­
ers and authors takes time to resolve.
Or a manuscript may be lost in the
mail. Authors should not hesitate to
call the editorial office and inquire
about the status of their manuscripls
if the times involved seem overlong.

The people working with ANALYTI­
CAL CHEMISTRY, from Professor Lai­
tinen through the editorial and pro­
duetion offices, are all striving for the
shortest possible manuscript process­
ing times consistent with careful peer
review.

• Most efficient GA5-CHROM a.
• 700 plates per foot.
• 20% more plates than 100/120 GAS­

CHROM a.
• Time for analyses no greater. using pres­

sures within usual operating limits.
• Ideal for difficu~ separations.

Super-Quality
lli ...120/140

,." . GAS-CHROM a
~~.~ GC SUPPORT

particularly our debt to the ACS
Books & Journals Administration for
exerting extra efforls in our behalf to
make sure that our manuscript-into­
print times were not extended when
we moved galley and page preparation
from the Mack Printing Co. to the
Chemical Abstracls Service (CAS) in
May 1976. If anything, the time from
acceptance to publication has been re­
duced by this move. Credit for this
also goes to Chemical Abstracts per­
sonnel; Charles F. Berlsch, head of the
Journals Department; Marianne Bro­
gan, his associate, loeated at Chemical
Abstracls in Ohio; and Elizabeth Rufe,
ANALYTICAL CHEMISTRY'S associate
editor in Easton, Pa. Mrs. Rufe copy
edils and marks for the printer ac­
cepted manuscripls just as fast as she
receives them from the Washington
headquarters office and speeds them
off to CAS for galley production.

Let us now baektrack to the initial
submission of the manuscripts: manu-

Through 1978,62.9% of ANALYTI·
CAL CH~;MISTRY'S research contribu­
tions were published within six
months (37% in less than five months),
23.6% between six and eight months,
and 13.5% in over eight months. Com­
parable figures for 1977 are 67.2, 25.2,
and 10.6%. The JOUHNAL had tight­
ened procedures so stringently in the
earlier period that the best we could
hope for was minimal slipllage. Fur­
ther insight into our publication pro·
cessing times is provided by data from
Books and Journals Division. Four
times a year (February, May, August,
and November), B&J's Journals De­
partment studies processing data for
all of the ACS publications. For No·
vember 1978 the median publishing
time (receipt to publication) for ANA­
LYTICAL CHEMISTRY was 24 weeks
with a range of 13-63 weeks. Receipl­
to-acceptance (essentially the peer re­
view and revision process) median
time was 1:3 weeks with 0 range of
4-51 weeks. Acceptance 10 publication
had a median time of II weeks with
a range of 7-18 weeks.

In a November 1978 editorial, Rus­
sell Christman, editor of our sister
publication, Environmental Science
& Technology (ES&7'l, discussed
manuscript processing time. He cited
some of the difficulties faced by his
own journal and called attention to
the shorter processing times enjoyed
by ANALYTICAl. CH~;MISTRY. With­
out attempting to comment on the
particular cireumstances that apply
uniquely to ES&T, we can discuss fac·
tors that go into shortening processing
times for ANALYTICAL CHEMISTRY.

There is much to be said for mo­
mentum. Readers may have noticed
the differing sizes of individual issues
of the JOUHNAI•. On the last possible,
reasonable date for our "list of order"
for an issue, we include ALL manu·
scripIs for which corrected galleys are
back from the authors and even some
for which corrected galleys are expect­
ed any day. We have NO backlog. This
means, of course, that all of us work·
ing with the manuscripts must move
right along. Otherwise, we will have
a month with no papers!

A commitment to speed manuscript
processing begins with the editor who
then conveys this imporlance
throughout the operation so that ev­
eryone is motivated to act promptly
all along the line. We acknowledge

Publication Times







ANew
American Chemical

Society
Audio Course

Save time and
money!

Use radiation
techniques to solve

problems in
analytical

chemistry, medicinal
chemistry and other

fields of research

RADIOCHEMISTRY

Addreu___ _ _ _

Organization . _

Uty State ZIP

AI C.a'omMS OUUkJe tINt u.s end c.nade wflO 8/8 no, AeS mamt>ef.l
UtoukJ add,... 1M" «de'. to P.rpMTIOn Pt.... H••dmgron HIli Hall, Osfofd
DX3 OB'"I. EnQWJd.

ACS Triple-Impact Audio Courses
combine the ease of listening
the reinforcement of reading
the challenge of doing

as you learn from the leaders - renowned
authorities - teaching the subjects they know
best in their own words and voices.

LEARN BY DOING
Problem sets, complete with answers, follow each
section of the course to aid in the learning process.

WHO SHOULD TAKE THE COURSE
Analytical chemists, medicinal chemists, medical
researchers, teachers and students whose work
involves them in radioactivity and its relationship to
chemistry. No previous knowledge of the subject is
presumed.

THE INSTRUCTORS
Dr. Gregory R. Choppin, Chairman, Department of
Chemistry, Florida State University, is the author of
numerous research publications,

Dr. Patricia A. Baisden, Department of Chemistry,
Florida State University, recently completed her
doctoral studies.

FOR INDIVIDUAL OR GROUP USE
Excellent for use by individuals or groups, the course
consists of six audiotape cassettes (5.3 hours playing
time) and a 332-page manual, .. $155.00, Additional
manuals for group use, 1-9 copies, . , $23.00 each;
1049 copies .. , $18.50 each; 50 or more ... $17,25 each,

NO-RISK, to-DAY, FREE TRIAL OFFER
Order your course on Radiochemistry now. If you are
not completely satisfied, just return the unit to us
within ten days for full credit or refund.

Covering a wide variety of topics, this course is
designed as an in-depth introduction to this

important sub-discipline of chemistry. The course
provides rigorous, yet concise, treatments of general

nuclear concepts, nuclear stability and radioactivity,
and the interaction of radiation with matter

including a discussion of radiological safety. The
course also contains sections on counting radioactive

samples, sample purification and preparation, and
various types of detectors such as gas-filled and solid­

state detectors and scintillation counters.

Other important topics include pulse-height analysis,
gamma-ray spectroscopy, induced nuclear

• • ••

reactions, radionuclide production,
• _. actIvation analySIS, tracer

•

methodology, and liquid
'~ scintillation
~~ counting.

American Chemical Society
Educational Activities ~

Department ~.
l1SS 16th Street. NW.
Washington. D.C. 20036 ~

(202) 872-4588 ~

YES, please send _ copy(i.,) of the ACS :;A.
Audio Course Radiochemistry @ $155.00 each. ~
Please specify course number (·40U when ordering. •
__ Additional manuals: 1·9 @ S23.00 each; 10-49 •
@SI8.so each; SO or more @S17.2S each.

~.~:yment endosed. _ ~_.::mpany. _.

•••••
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Finnigan's new OWA"'-Series
(Organics-in-Water Analyzer) is your
answer to meet the requirements
of the water regulatory acts:
• Complete measurement of

GC or ion data from samples
with both high and low
concentration constituents.

• Provides correct isotope
ratio data for signals of very
low ion abundance.

• Capable of calibration to
EPA protocol.

• EPA compatible data format
and medium.

Meets Laboratory Operational
Requirements
• Simplified pre-programmed oper­

ating procedures.
• High sample throughput.
• High reliability and resulting low

maintenance expense.
• Low capital investment and low

operating cost.
Vacuum System
• Use of a high reliability turbo­

molecular pump results in low re­
sidual vacuum background and
low energy and water consumption.

Data System
• Proven Nova 3 computer used for

system control, data acquIsition
and data procesSing

• High speed InlNactlve graphiC dIS­
play terminal.
Highly effICient software routtnes..
Chained commands for automated
processing.

• Data compatible With Inc~ system
GC/MS System
• Proven quadrupole analyzer (over

1000 Installations)
• Automated ion source optimiza-

tIon with operator avemde capability

ClIClE 7. ON IE"OU SUVICE CAIO

• Reliable mICroprocessor controlled
GC with full complement of options

sample Handling
• Bellar -LIChtenberg liqUid sample

concentrator
• Optional auto sample changer or

aUlornJector
• Optional solid probe.
The result. a system SImpler to oper­
ate and Simpler to maintain. but
which does not sacrrflCe any of the
analytICal capabllilles of systems
which cost thousands of dollars more
For further details on how an OWA
sy~tem can meet your organlcs-In­
water analysIS problems. please
con tad u~ directly.

flnnigan
~(prnlIJ)~~
"lA.1~j ()I I ftIGJoJ,l"Ol..ot1AII()f,

84b YVES! MAL« AVENUE
SlN'IV\I\lE. CAlfO'lNA 94086
(408) 732-0Q40



Instrumentation

Field
Desorption

MassSpectrollletry
Warren D. Reynolds
Nalk>nal GentOf' lor To:dcologlcal Research
Jell8fson. Arl<. 72079

A recent advance in the application
oC mass spectrometry to biomedical
and environmental research has been
the development oC the field desorp·
tion ionization technique. Although
its potential h.. not been Cully real·
ized. the simplicity oC the field desorp·
tion (FD) spectra. and its applicability
to a wide range oC analytical problems
that encompass a multitude oC com·
pounds Crom inorganic salts to polar
metabolites has become its trademark.
The growing use oC th~ technique ~
amply demonstrated by the increasing
number oC publications. workshops.
reviews. and books during the period
1971-78 (1-8. 16). In th~ brieCreport,
the principles and analyticalapplica·
tions wiu be included Cor this impor.
tant mass spectrometric technique.

Field desorption mass spectrome·
try's unique properties ar~ Crom the
behavior oC chemical compounds
under high potential fields. When a
high field ~ applied to an absorbed or·
ganic layer on a metalsurCace. it elpe·
riences an electrostatic Corce similar
to that on the plates oC a charged con·
denser. If the metal surface (anode)
has the proper geometry (sharp tip)
and under high vacuum (10-6 torr).
this Corce can be sufficient to eject
particles .. poSitive ions that can be
analyzed via a mass spectrometer
(Figure I). This. in ....nce. ~ the
basis Cor field desorption mass spec·
trometry. However. iC the compound
to be ionized reaches the anode via the
gas phase instead oC being surCace ap·
plied. the process ~ called field ioniza·
tion.

In comparison with other ionization
tochniques. the smaller amount oC
transCerred energy in the FD process
(-0.1 eV) incr..... the probability of
detecting intact molecular ions. Thus.
the salient feature oC fiald desorption
spectra is normally tha predominance

oC the molecular ion. Fragment iooo
can also be produced through thermal
decompoeition and field induced sur·
face reaction&.

Emitters

Early investigations by MUller on
field ionization microecopy and In·
ghram and Gomer's subsequent work
led H. D. Beckey to a systematic study
oC the parameters required for field
desorption mass spectrometry oC or·
ganic compounds (8-10). The intense
electric fields (10'-10" Vlem) neces·
sary Cor field desorption 8t1! produced
with poeitively charged emitten hav·
ing at their surface multipoint needles
oC very great curvature (I()2....IO' A
radii) on which an intense electric
field is established.

Emitter Properties. It will be
helpCuI in understanding the basis for
obtaining field desorption spectra of
organic compounds to consider the de­
velopment and limitations of the emit·
ters. Early in the development of this
technique. several different emitter
configurations were used such .. thin
metal blades, etched Coils, and needle­
sharp metal points (6). Sharp point
emitters have the advantage over the
other configurations in producing ex·
tremely high field strengths. The local
microfield strength (F0> at the tip of
the microneedle... defined by Speier
et al. (J n. ~ a Cunction of the applied
voltage (V). radius oC curvature of the
tip (r) .. well .. the distance to the
counter electroda (d):

(

1-a a)
Fo· V ~ In .rd +-;

where a • shape factor 0< 0.006.
For an applied voltage of 5000 V

and an electrode distance of -2..3 mID.

FIgln 1.S~ model 01 l1eIcl~
lion rnlaoneedle ionization sowoe

F0 is 0.9 VIA for a oormally sharp tip
of 10' Aradius. With increasioc dis­
tance from the apes of the tip, the
field strength decre..... but the 8t1!8
of eqwpotential field increases.

H. D. Beckey and colleacues (Uoi.
\'ersity of Bonn) have developed a plO­

cedure for growioc multiple ("Christ.
m..·tzee") polymeric needles, usio&
beruonitrile. from the vapor phase on
a fine tungsten wire (10 _) under the
influence of high electric fields (12)
(Figure 2). Subsequent in·situ hich·
temperature carbonisation ....u1ted
in structurally slroDll carbonaceous
needl.. with improved efficiency of
ionization. A1thouch similar dendritic
needles of other types 01 materials
such .. Cermaniwo, nickel, and other
metals hav. been tried, u.- metal

ThlIIttIcle nollUbject to U.S. Copyright
Publlahed 1878 Ametk:M CllemIcaJ Soclely
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Flgute 2. Field desorption emitter h0ld­
er and lD-/lm tungsten emlner with car­
bOnaceous needles (arrow)

Flgute 3A. Scanning electron mlaograpll (500X) of~eemIlaer
T....-.gsten.w.« 10 IIml COYer" with e-bon "nW::rOl-.les" \YOW" In~ WIpCJr tnMr~
1I.1d cord1Jono

Flgute 3B. Scanning electron micrograph 0' hq>-t~bnllC1Naled emiIIIer
at higher magnification (l000X)

needles yield ions that arc less energy
homogenous than those from carbon
emitters (6).

The procedure for forming relative·
Iy good carbonaceous emitters is de·
pendent upon a numher of factors.
Cleanliness of the emitter preparation
apparatus and tungsten wire as well
as purity of the ben7.onitrile is impor·
tant for successful emitter prepara­
tion. The high·temperature activation
process for preparing carbonaceous
emitters is conducted in a small \"scu,
urn chamber under carefully con·
trolled conditions of temperature.
pressure, electric field strength. and
time. The temperature of the fine
tungsten wire (10 /1m). which is con·
trolled by the dc current, is adjusted
to 8 \'olue sufficienllo achieve a high
temperature (800-1000 ·C) on 'the
emitter wire. The hot emitter wires
thermoly.e the henzonitrile (-10 torr)
at vurious l>oinlS on ench wire. These
l>oints acl a8 centers fur further cal·
ionic polymerization during the high­
voltage operation (7-10 kV). By moni·
toring the field ion current on n plate
opposite to the emitters, the growth
of the micronee<lles can he followed.
Normally, after a short period of time.
the wire temperature is raised in a
programmed fashion 10 a specified
limit (-1500 ·C) as delermined by di·
reet current during the activation pro­
cess. Activation lime varies (6-10 h)
and is dependent on the desired nee·
die length. Long activation periods
with reduced field strengths generate
long needles. Short. sharp ncedles are
preferred to long. blunt ones for most
efficient ioniUltion.

The ionizalion ahility of the "acti·
vated" emitters is largely dependent
on the .tructuraland morphological
COIQllOsilion of the microneedles. The
atructural ordering determines the

l'hl'lnifulllnd lUf'chankul stability,
wherea... tht, nwrphult>K\' df'tNmines
thr rftkit"I\('v uf th(' mkrot1t"lds dur­
in~ iun prud~l'ei,lO UJ, J.J).

Fi~\lr(>s :\A and :lB show twu 5.;:ao­
nin~ t.'1£>drun mi('Cu~rnphs tlf the mor­
phlllulo:Y uf thr hilo:h,trmpt'ruture- pre­
parl'<1t·mieh'N. Th~ mkwl{raphs ii­
lustruh' thtl "trt'l,·like" furmation of
tht'sr mkrulll't"ttlt.'s. Thl' bcun\'hes ap­
pt'nr to htl solidly I{rown tu):Nht>r opar
thl' bust'. Elt'ctwn diffruction studies
hun' shuwn thnt these u{'ed.lp strUt'­
turt'S l'orn-spoud tu un urran):el1lt'llt
tlf layt'f'S uf Kraphit{'~Ii"e rt'l:ions con~

('t'ntrit' tn the mwdle nxis t13l.
.)Ul' tll th{' nonh,lnwgelll,ity of the

mkrunredlr !:.lize und dirt.'t,tionul or­
it'ntne iun, the surfu('t' ions ):enNtlted
durinK the Fn i>rot.~o;; possess un en­
N):)' distributiun Rnd spreuding over

8 srn81l11n~It'. This crtates focusing
problem.< during the subsequent~
l,,,din~of FO spectra. Refocusing of
the rna........ spe<"trometer aft~r repetitive
:'CartS is nt"C'eS..q.~· for good FD spectra.

Emmer Surface Proce_
Currently, there is no quantitali\"e

th",'ry for fiold desorplion processes
uf of):unic molt"Cules from structural
and ):raphitized rnicroneedle surfaC8..
The presenl throretical undentanding
of tho dynamics of field desorption~
mains 10 he clarified due to the com·
plex nature of the emitter surface pro-­
~~ However, there are st\-"eral pro­
posed mechani.<ms by which organic
mol",'ules can he collvertffl to ioM 01'

ion cluslers during the f'O ProcMI,
i.e.. resonallce electron tunneling and
field induced surface reacliona (6).
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Figure 5. Upper: DialTam illustrating a three-atep concerted surface mechanism
01 electron resonance tunneling and generation 01 protonated molecular lon,
ROHt. Lower: Reaction Indicating nonsurface interaction 01 RO' redlcal alter elec­
tron tunneling and cluster-Ion lormatlon (ROH)"H+
RepWMd wiIh permlukwl from ,~. II. Copyt'~ li74 Vet1lG del Zetta.ctwltl ..... Nau.IOl'adu'Ig

Figure 4A. Potential __gy curve lor interaction 01 organic
molecule (1.4) with SlXface (A) in absence 01 electrostatic lield

Figure 48. Potential energy curves in presence 01 electro­
static field
klnic potential energy 0IVe is downward. and its "'lf1fsectlon with the
grOlrld state cuve proc:b:;es a Schottky sadcne. x·Foe a polenUal ertefQ)' 01
external lie'd, F
Reprlllted wflhpel"TnIuion tr(WY'lrel. 5. Copyr...,... 1915 VerlagChomte W1t"'f\ll~

Certain fragmentation reactions
with relatively low activation energies
have been found to be field depen­
dent. As an example, the elimination
of water to generate a C,!Ht ion after
protonation of C"H,OH by direct
(C;;!Hb-OH:!)+ bond rupture increases
with increasing field strength (/8).
Other studies with acetone. acetoni·
trile, hydrocarbons, and others have
yielded a number of Keneral observa­
tions concerning field-dependent pro·
cesses in the absorbed layers (/8):

• Excluding emitter surface inter·
actions. the primary proces..,es are pro·
ton transfer reactionli.

• All ions formed are immediately
remo\·ed from the reaction zone due
to the high "otential gradient at the
emitter surface.

• Most field reactions take place
without8ctivation energy.

• The producL' of field induced
ion-molecule reactions are generated
by simple bond rearrangements.

the (M+H)+ and (2M+H)+ ions that
result from 8 series of reactions as
shown in Figure 5. The fate of the
ROH! ion can take several pathways.
If it reacts in 8 concerted mechanism
with a nearest neighbor and a free rad­
ical center on the carbon matrix, then
a ROH; ion is generated. A serondar)'
reaction with additional nearest
neighbor participation leads to c1us·
ter-ion formation (ROH),H+j. For
surface concentration depleted areas,
the ROH~ is removed to give an M+
ion current as seen in Figure 6 for eth·
anol (I8).

Field and Temperature-Depen­
dent Surface Reactions. The fate of
surface generated ions and radicals is
complex. The effect of the field can
playa dominant role on the mecha­
nism of these surface reactions. Other
factors affecting the outcome are the
electronic properties of the compound,
e.g., tautomerism. temperature, and
surface environment.

Electron Tunneling. Tunneling
is a quantum mechanical process with­
outa classical mechanics analog. In
the field desorption process, this
quantum tunneling involves surface
substrate such as a metal or carbon.
The electron from the a,L-orbed organ­
ic molccuJe can only enter the sub­
strate at or above the Fermi level,
since below this level there are, at or·
dinary temperatures, no vscant quan·
tum states for it to enter (15). Poten·
tial energy diagrams depicting this
process 81e shown in Figures 4A and
48.

The occurrence of the field desorp­
tion of an organic molecule is related
to the tunneling probability (D) of the
nonbonding electron in the molecular
orbital This probability is dependent
on a num!>er of factors including sur­
face work funelion (4)), ionization po­
tential (I), barrier potential (VR). and
a local microfield (F) and can be writ­
ten (I6, 17):

l "V8m
D= exp • (eVR -E)dr

" h

[
0.68 (I - 4> )3/21

""eXP - F

Generally, for carbon emitters and
high field strengths (3-15 X 1()3 ap­
plied volts), the probability for "tun­
neling"lies in lbe range of 10-'-10-1

for most organic compounds. Conse­
quently. ion currents (C/g) obtained
from this type procesa 81e less by a
factor of 10-100 as comp81ed to the
normal 70 eV electron impact ioniza­
tion.

The "tunnel effect" baa been attrib­
uted as lbe first step in many field
ionization/field desorption surface re­
actiona. For example, alcohols (ROH)
generally yield high ion currents for
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ON
SALE NOW!

The new Varian MAT 212 and 312 mass spectrometers
are so attractively priced you'll think theyre on sale.

If you've always been a Varian admirer, now's
an excellent opportunity to be a Varian owner.

Reason: Varian has put together some great
"packages" combining our new MAT 212 and
312 mass spectrometers with our popular 55200P'
data systems which feature simultaneous data
acquisition and evaluation.

And, whether a 212 or 312 package catches
your eye, you'll like our irresistibly low prices.

The MAT 312 is an advanced version of our
popular MAT 311A. It has an improved source

Performance at allianceI

MAT312

with more accessories and greater versatility for
applications including field desorption studies.

The versatile MAT 212 brings a proven track
record to CUE! studies, not to mention such great
options as GCIMS analysis with packed columns
(jet separator); multi-ion selection analysis. DO
(direct chemical ionization or desorption CI)
collisional activation analysis, negative ion
detection and much more.

Now, to the bottom line ... price. We suggest
you call us. You'll be pleasantly surprised and
may want to arrange a demonstration. For infor­
mation or literature contact:

MAT 212

Resolving power: up 10 20,000 (10'4 valley)
Ma.. Range: 1 to 1200, awilchable to aeoo amu
Accuracy: better than 3 ppm

Resolving power:
MaoaRenge:
Accurecy:

up to 35.000 (10'4 valley)
I10aeooamu
better than 2 ppm

V.,un MAT Mus Sp«tromotry. 2S Hanov"r Rood. F1ort..m P.,k.

N) 07932. Phon" (201)822·3700 @
V.,ion MAT GmbH. Postf.ch t4~
lIorkhouscl\Str 2, 2800 Ilmnen 10
W""t G..rm.ny. Phone (0421) 5493-1

V.ri.n AU«iot.., ltd. 28 Manor Rood
lV.hon·on·ThomeslSur",y
United Kingdom. KTl2. 2QF \'ana"n
Phone (43741) ",

'Outside U.S. -55 188.
On Dleplay at tile Plttabul1lh Cont........

CIKLE 211 ON ItADU SUVICE CAID



Figure 6. Pulsed field desorption mass spectrum of ethanol (-6 kV pulse, 0.1 itS,
emitter at- 100 0C)
Rephed ..... penftssionwm,.l. '4.~1i14Ven.g_ZebdYtf1"*~

FIgure 7. Field desorption mass spectrum of adenosine (1 M) with added lithium
chloride (1 M)
Waw sotvenl Note weak patent kin at trYo 261 and cationiz.ed molecular k)n al mo 21-41'9)
Reprtn&ed with perrnissOl from rei. 20. Coprr~ 1915!"1eyOen.-v:t Son

The exceUentsensitivity of the FD
process toward alkali metal cations
was discovered during early studies
on organic and inorganic salts. The ion
currents for the alkali metals nrc sev­
eral orders of magnitude more intense
than the FD-generated organic ions.
For exnmple. cesium was determined
in several solvents, body nuids, and
water samples at the O.3-1000-pg/"L
range with a minimum detectability
in the low femtogrom ronge. Since ce·
sium is monoisotopic. on externol coli­
bration curve was Ulled with a preci-
sion of ±10% (24). FD spectra of other
inorganic salts have shown strong ions
suitable for trace quantitative analy-
si•. KF gave (KF)K+ and (KFhK+
ions, whereas KBr gave (KBr)K+ and
Br+ ions; NaNO.-(NaN03)n Na+
where n = 1,2,3: NaN3-(NaN,)Na+
and CaCI......CaCJ+, Ca~ and CaCI,~ (25).

using predominantly the (M+Na)+
ion group with a multichannel integra­
tion technique. Individual measure­
ments had 8 mean error of ±7.2%,
whereas the mean error of the average
value (100 scans) was ±O.7% (21).
Mixtures of dopamine added to urine
at the 10-ng/"L level have been deter­
mined via the FD method using dopa­
mine-d. as the internal standard.
After formation of the tris-bansyl de­
rivative and TLC cleanup, the relative
error was 5% (22).

Measurements on the degree of sta­
ble label isotopic incorporation can be
done accurately via the FD method.
Glucose-I-d, was determined to have
97.4% deuterium incorporated at
this position using the cationized
molecular ion group «M+Na)+,
(M+Na+l)+) after correction for the
(M-l+Na)+ ion (23).

Temperature dependence of FD
spectra is illustrated by a variety of
saturated and unsaturated carboxylic
acida containing 12 or more carbons.
Atlow-to-moderate anode tempera­
tures (0-8 mAl, the M~ and (M+Il+
ions dominate the spectra of the indi­
vidual acida while at higber tempera­
tures (10-20 mAl, peaks representing
(M-17)+ and (M-44)~are quite evi­
dent. For mixtures of acids, reactions
between constituents are possible. For
example. a 1:1 mixture of cis-5-icosen­
oic acid (M,) and elaidic acid (M2) be.
haved normally at low temperatures
yielding botb M,~ and M2~ ions. At
higher anode temperatures (> 15 mAl,
both udimer ions" and their cross
product dimer [(M, + M2 + H­
H,o-COOH)+J were present (19).

An interesting class of thermally ac­
tivated, field induced reactions is the
ion attachment or "cationization" re­
actions_ The most stable "quasimolec­
ular" ions occur when cations such as
the alkali ions are attached to the ad­
sorbed organic molecules. The stabili­
ty of tbe (M+C)+ ions is due to strong
charge localization at the alkali atom.
Thus, the charge shift by rearrange­
ment of the bonding electrons within
the ion necessary for decomposition
is prevented (20). The resulting mass
spectra display a high abundance of
cations (C)+ and cluster-ions, i_e.,
(M+C)+ and (nM+C)+, n = 2,3 ...,
at field strengths (:SI()6 Vlcm) that
are insufficient for ionization of ad­
sorbed organic molecules. Under FD
conditions the observed intensity dis­
tribution and maximum size of the
cluster ions depend on how the mole­
cules diffuse into the ionization zone
at the emitter tip, Le., neat or as com­
plex... Thus, the FD mass spectra of
cationized organic molecules are sensi­
tive to the influences of the experi­
mental conditions 8uch as tempera­
ture, organic compound/cation ratio,
distribution, and thickness of ab­
sorbed layer (8, 20). Figure 7 shows an
example of a Li+ cationized spectrum
of adenosine (1:1 mixture) (20).

Analytical Applications

In comparison with electron impact
mass spectra, less intense and often
fluctuating ion currents are generated
in FD. This bas a limiting influence
on both the ultimate sensitivity and
precision_ Since nearly 100% of the
total ion current is frequently carried
in the molecular ion group (M~,

(M+H)+, or (M+C)+), one bas a fa­
vorable condition for specificity with
minimization of disturbance due to
impurities. Subsequently, the nuctu­
ating ion currents require integration
techniques for good analytical mea­
surements. For eumple, mixtures
containing glucose and glucose-l-I:IC
as an intemalstandard were analyzed
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Figure 8. Field desorption mass spectrum of vitamin B"
Indirect healing by &aser·SJ.C)pOI1ed FD-MS (0-200 mW). Mass re$Olution 8000 t10% val}cyl. Note dOIJ-.
bIy _Ions"'e 689 and 659.6121)

figure 9. FD mass spectrum of the flavanone glycoside. hesperidin
Resok.ltion >15 000 (10'" valley), photogaphic detection. Note molecuJe-cation complexes at rrI e
633 and &49
Reprinted _11tl~ Irom fel 29.~ 1911 NorttHioltandPwl~ Co

Summery

The fundamentn1 advantage of field
desorption mass spectrometry is the
"soft" ionization process for thermally
sensitive and relatively nonvolatile
compounds. For mnny organic com­
pounds, the FD mass spectra pro­
duced show the molecular ion or mole·
cule-cation complex alone or os the
peak of highest relative intensity, The
relative absence of fragmentation ex­
cept under thermal surface conditions
aids in the molecular weight determi­
nations but becomes a disadvantage
when structure determinations are at­
tempted.

The assessment of the FD/MS tech·
nique for rapid organic mixture analy­
sis is limited and subject to matrix in·
teractions. The presence or absence
of nearest neighbor interactions, e.g.,
protonations. cationization, elc., in the
mixture does alter the FD spectra of
tbe sought-for constituent. In spite of
these limitations, good quantitative
analyses have been conducted utiliz­
ing the stable isotope dilution tech­
nique.

The attainment of the FD mass
spectra of large intact molecules, such
as the antibiotics and vitamin 8 12. has
been a challenge and landmark. It rep·
resents a significanladvance in the
application of mass spectrometry to
high molecular weight constituents.
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Ollveral clllMCS, e.g., macrolidetl, poly.
enes, ansamycinR, amin<>cyclilols, and
acyltetramic acids, have also been
studied (31). In aU cases, members of
the molecular ion group IMt or.
(M+H)+) were present .. baOll peaks.
This is an advantage since most of the
EI spectra of these compounds do not
yield this molecular weight informa·
tion.
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tensity at mi. 1354 with additional
thermal/field induced fragments at
lower amu's. The high-resulution mea­
surement at91 4.445 agrees with lhe
ion of composition: C.....IH/>.".NI10ljCO

that results from o loss uf the nucleo­
tide side chain.

A number of research groups hove
applied the FD/MS technique to hio­
logical and nalural product analytical
prohlems. The peplides (through
nona-) have been studied for sequenc­
ing information as well as 50 otht:r
compounds representing 0 wide vari­
ety of phospholipids and related hio­
chemical materials (28, 29). The natu·
raj product, hesperidin, iH un example
of several surface F'D mechanisms op­
erating simultaneously, which is indi­
cated hy the l)fesence of "oth M ~ and
(M+Na)+ ions .. seen in Figure 9
(:)0). Various ontibiotil'ti representing

Nonvolatile and thermally labile or­
ganic molecules with molecular
weights up to 2100 daltons are promis­
ing candidates for FD analysis. In re­
cent years, mucb of the difficulty in
assigning structures to peptide antibi­
otics has been due 10 an inability to
determine accurate molecular formu­
las. Recently, FD studies have been
conducted on several cationized (jLi,
23Na, and ""K) triacetates of anti­
amoebin I to ascertain its molecular
ion (MW 1796). By utilizing the high.
resolution peak.matching technique,
the molecular formula; C""H""N ,,­
023Na - 1818.9596 was confirmed
(26). The FD spectra of vitamin B",
a complex macrocyclic ring system,
has recently been completed (27). The
structure and FD spectrum are shown
in Figure 8. As indicated, the molecu­
lar ion is present with high relative in-
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Seethe light-
The n~wVarian Cary 210
UV-VisSpectrophotometer...
It's surprisinglyaffordable

....
sample space optICS minimize sample volume rl!QUire­
ment and permit efficient energy uhlization. Measure
samples as small as 200 "I directly. and 70 "I with
beam masks.

Total semple handling capabilities
Roomy sample compartment can accommodate two
"ve-cellturrets. You can automate measurements
With our Cell Programmer and Wavelength Program:
mer. Monitor more than 300 samples per hour at con­
I(olled temperatures with the Routine Sampler. Scan
gels up to 20 cm long ... and more.

Seeing Is believing
Look lor the varian Cary 210 at the upcoming Pitts­
burgh Conference. See the Cary 210 and complete
accessories at work.

Circle 17 for more inlormation on the new Cary 210.

@
Circle 18 if you would like a representalNe to catl.

Varian Associates. Inc.. 611 Hansen waY. [)'o70.
Palo Alto. Ca. 94303

varian

See scattering samples
Low stray light means high absorbances can be
measured accurately. The versatile Cary 210 encom·
passes the complete range from - 0.6000 to + 4.0000
Abs. Scattering samples can be scanned without the
use of special sampling locations or accessories.
Highly turbid material need not be diluted.

58e mlcrosamples
Cary 210's high energy throughput and patented

·U.S. only.

For the low Introductory price 01 $11.995'. you can ex·
plore new avenues In UVVis measurements wIth the
powertul new Varian Cary 210 Spectrophotometer

See low level enzyme activities
The high slgnaHo·nolse ratio. excellent photometric
stability and sensitivlly ot the Cary 210 allow the
measurement 01 small absorbance changes. Enzyme
activity levels as low as 0.0005 Abs per minute can be
monitored.
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For automatic data
handling. add the COS-111

The CDS-Ill IS by far the most
powerful chromatography data

system available. It is designed to mate
with and control the 3700 but it will auto­

matically quantitate the output from most
any gas or liquid chromatograph. You can

switch it from one instrument to another for most
efficient use of capital equipment. And the CDS-Ill

costs less and is easier to use. It is preset to auto­
matically quantitate most chromatograms entirely on its own.
It holds up to nine analysis methods in memory, each method

tailored to conlrol a complex analysis from start to finish.

For detailed information circle the indicated Reader service Numbera:
226 CDS-Ill Chromalography Data System, 227 Modet8000

AutoSampler, 228 Model 3700 Gas Chromatographs, 229 Model3711
Aulomatic Gas Chromatographs, 230 Have a ropresentative call.

For total automation. add the AutoSampler
The reliable, proven Model 8000 AutoSampler obtains Injection repro­

ducibility that sets the standard for automatic gas chromatography. Sample
. cross contamination is virtually eliminated. It will handle up to 60 samples
In a single unaltended run. Model 8000 can be used with any gas chromato-

graph. Or it can be microproccesor controlled by the CDS-Ill in a completely
automatic fail-safe system with the Model 3700 Gas Chromatograph.

Let us help you select a gas chromatography system that will
meet your changing analytical needs.

@
varian

Varian's 3700 is designed to give you the elliciency and flexibility
to build the precise gas chromatography system you need to
meet changing analytical requirements, There is no
risk because the 3700 can change as your needs
change. It is completely modular and upgrade­
able, and it continues !Qg~
In addition, the 3700 system is unique
in that the major components-
(1) chromatograph, (2) data system,
and (3) AutoSampler"'-can be pur­
chased and used separately or they can
be combined in many dillerent config­
urations 10 meet specific needs. Result:
You can start your GC system wherever
you want 10. And you don't have to
buy any1hing that you don't need.

How Varian's 3700 series takes the
risk out of buying a gas
chromatograph

Choose a
3700 for your
application
TCO, FlO, ECO,
FPO, TSO and multi­
detector models are
offered tailored to
handle any GC analysis.
Major features include:
highest sensitivity detectors,
the first easy-to-use capillary
system, large dual-column oven
and separate pneumatics
compartment for versatility and
convenience. You can begin with
a basic dual-column unit and add
capability as you need it. Or you
can start right now with the world's
most powerfUl and fUlly automatic
GC system by combining the 3700
with the CDS-Ill data system
and the 8000 AutoSampler.
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varian
announces
training
courses•Ingas
chroma­
tography
Schedule for
February. March
and Apn11979:
Basic Gas Chromatography
Feb. 21-23. Florham Park. NJ
March 7-9. Houston. TX
ApriI1G-12. Chicago.IL
Lecture & Lab. 3 days. S225
Lecture only. 2 days. $155

Gas Analysis by
Gas Chrolnatography
March 12-13. Houslon.TX
Lecture & Lab. 2 days. $225

Automatic Gas
Chromatography-
March 14-16. Houston. TX
April 18-20. Chicago. tL
Lecture & Lab, 3 days. S200

Glass capialy
Gas Chromatography
Feb. 13-14. Denver. CO
March 1-2. Ftorham Park, NJ
Lecture & Lab. 2 days. S225

Maintenance of the
Gas Chromatography
Feb. 26-27, Florham Park. NJ
April 18-17, Chicago, IL
Lecture & Lab, 2 days, $225
To enroll In Chicago. Denver and
Houston COUlses. please contaclthe
Varian lr\Strumant DtV1sK)O Training
Department. 2700 Mitchell Drove.
Walnut Creek. CA 94598: Telephone
(415)939·2400. ext 225. Enroll In Flor·
ham Park courses at Varoan Instru·
ment DivislQn Tra,nlng Department.

~
2~::~~~dNJ07932:

Telephone (201) 822·3700.

0<Nle ruition.tree
course per Model
37111 purchllse.

CIIClE 231 ON _ $UVlCf (AID
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Inlel tilters. Rheodyne inlet filters can
be connected between the sample in­
jection valve and the column to protect
the column from plugging. The 2 microo
filter element prevents plugging
caused by particles in the samples or
by injection valve wear particles.
Pressure rating of the filter assembly is
7000 psi (500 bar). Only type 316 stain­
less steel and PTFE contact the stream.

U.S. prices are S45 for the Model
7302 CoLumn Inlet Filter and S20 for a
package of 5 2/1m lilterelements
and gaskets.

Pressure Rellel Valve. Rheodyne's
Model 7037 Pressure Relief Valve
protects your eQuipment against damage
from over-pressure. You can set it
anywhere in the range of 2000 to
7000 psi (140 to 500 bar). U.S. price
is only S270. So. when you consider the
fact that you can blow a pressure gauge
in less than 1 second. ifs a real bargain.

Teflon Rotary Valves. Type 50 Rheodyne
Valves are real workhorse accessories
for your LC eQuipment.

Use them lor sample injection. column
switching. recycling. reagent switching.
fraction collection. stream sampling
and Quantitive reagent injection. Avail­
able in four different versions. these
valves are chemically inert with zero
dead volume. operate at 300 psi. They
are offered in 0.8 Of 1.5 mm bore and in
either manual or automatic versioos.

U.S. price of 0.8 mm bore 3 and 4-way
valves is S80. The 6-position and
sample injection valves are priced at S95.
Cosl of 1.5 mm bore valves is S2 more.

Wrile lor more data. For full information,
please address Rheodyne, Inc.. 2809
Tenth Street. Berkeley, CA 94710. Phone
(415) 548·5374.

$R
AHEODHNE

THE LC CONNECTION COMPANY
CIRCLE 183 ON READER SERVICE CARD

Little things
mean a lot
in HPLC



P.O. Box 19032 Houston TX 7702.
]131688·93-15

TWX: 910-881-5500
Tolex: 79'()()33

Booth numbers 1630 & 1632
at the Pittsburgh Conference.

CIRCLE 98 ON READER SERVICE CARD

Hellma-the largest assortment 01 highest
precision glass and quartz cells.
Standard' Flow·through . Constant-temperature
Anaerobic' Special Designs
Also available-ULTRAVIOLET LIGHT SOURCES
Deuterium Lamps' Mercury Vapor lamps
Hollow Cathode Lamps' Power SuppliescirLLM~ Wd'e'or'Uere'ureI:. Box 544

Borough H.11 St.lIon
CE L LSI N~ Jemelee. New Yo,k 1142.

, • Phon. (212) 544·8534

VALCO'S MODEL·140B· WIDE·RANGE ELECTRON·
CAPTURE DETECTOR SYSTEM can Indeed bring
state of the art capabilities to your GC freeing you
from the baseline drifts, sensitivity changes, and
linear dynamic range limitations of other ECD
designs. This proven system extends the linear
dynamic range to five or six decades of sample con·
centration. Used with a suitable GC column, this
detector permits quantitative analysis from
plcograms to micrograms with no need for expensive
reruns or critical sample sizing.
-1t'te V,leo 1-40e - 1000metly m.nul~lured by Analog Tectlnology Co,pot'llon,
Now (.O'l'er.cl by V.leo, Pal.nt No RE. 28,~1

• MORE CONVENIENCE
1. Easily connected to your

GC. VALCO instruments co.
2. Requires no radioactive

source license.
3. Stands alone as separate

accessory providing all Its
own required functions
and controls.

Valco's Model·140B Offers:

• MORE PERFORMANCE
1. Larger linear dynamic

range: Five to six decades.
2. More stable baseline.
3. High-temperature opera­

tion - up to 3200C.
through use of tritiated
scandium foil.

4. Better peak reproduction
and overload recovery.

CIRCLE 220' ON READER SERVICE CARD
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WRITE FOR OUR LATEST CATALOG..

CIRCLE" ON READER SfIlVICE CARD

FMI METERING
PUMPS

C.II or wrll. lor our 1.,••, FR
REMANUFACTURED ANALYTICAL IN NTS.

See ua .....~Con~.Booth. 317-31'

BUCK Scientific, Inc.
58 Fort PoInt SIrHl East Norwalk, COnn. _

(203) 853-9444
CliiClE 17 ON REAOER 5UVICE CARD

The FMI LAB PUMP line
01 valveless. var;.
able metl!ring pumps
is available from
stocl< at catalog
prices.
Models
are available _
with maximum .
11001 rates as low "
as mictoliters per 'J'

mil1lJte or as high as one liler per minute at Pf'$SUl8S 10 2llO
PSlG. A wide variety 01 pump head llliterials olfw supettl
chemical resistance. New il1mS include: RYTON- liners. minia­
lUre panel mount pumps. and water flush Oland option lor use
wilh ploblem nule!s.

•

In orOer 10 furnish 1I1e most C\Jmolele
lIP·ID-Oale ,nlOfmallQn on Irle SLlCject
man) 01 IflC dull10'S I'a~'e adaeO
SlJnnlernental material 10 tne,r papers
r,le 36 reprints are listed accorClng fo
SUbJecT mailer raine, Iflan 0)0
cn:analoglcal ordCI

TillS useh.J\ collection w,1I Oc or ~artlcular

,nlcrest 10 analytical cnemlsts. callege
cllCllllslry laclllflCS. researCll cnem,sts,
Iibra"i\flS, and \nose seeil.lng an
IlllrOOucliOn to me stale 01 ltle art

ThiS new colieClion 01 selected reonnl
al1lcl~s Irom lfle Topics In Cnemtcal
Instrumentation column ,n (ne
JOURNAL OF CHEMICAL EDUCATION
orO.ld~s e... cellenl co..'erage ot InC 1'(,:0
Irom January 1970 mrougn No'.'emter
1975

NEW!

An ACS
Reprint
Collection

310 pages (19771
n~v(lbJclo. $1200
ISBN 0·8·112·0367·9
LC 73· 15306J

Galen W EWlrlg.
Edlfor

A \o'olume 01 repnnts
hom !he Journal 0'
ChemIcal Education

SIS/A....rlc.n Chemlc.1 Soclaly
1155 16th 51.. N.W./Wash.. D.C. 20036

::::t~ttOn-l/11=g;,f~";.c~
II CheCk endosed I()f S __ . II 8&. me.
Poltplld In u.s. and C&nada. plyl 40 cents
elsewhere.

N,,,,.

c,~ 51.1. I"

•_ Rl4).2SSY (0 10 ml mlJ_lO psig)__Flow tell

See III .t the Pltubll"" Con'-.
Boothl 311 .nd UO

CIlC\.E 12 ON IIlADH $UVICI CAIO
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New from Varian.•.
Low cost, microcomputerized
AA-475 and AA-275
The pacesetters in atomic absorption

· aaa ~w. .- aaa
I" aaa..·· '.L~ ••• le III···

Routine AA analysis has never
been this easy, this sensitive, this
economical. The AA-475 and
AA-275 fully exploit their powerful
8-bit, 10K microcomputers to
give you high quality data quickly
and simply.

The AA-475 and AA-275 are de­
signed with the novice operator in .
mind. Prompts on the interactive
instrument panel provide step-by-
step guidance through set-up and calibration
procedures. Operator errors are identified and flagged.
Ten vital flame functions are monitored continuously
for programmed ignition and safe shutdown.

Computerized signal processing gives you reliable
data everY time. Varian's unique Rational Method allows
rapid, accurate calibration, with a reslope function for
recalibration against a single standard. The running
mean mode simplifies data collection.

Totally versatile, the AA-475 and AA-275 adapt
readily to your requirements, Select from the single beam
AA-275 or the double beam AA-475. Customize your
system with powerfUl Varian AA accessories such
as the CRA-90 carbon rod atomizer, automatic sample

':!."

.~~{~? ..

changers for flame and furnace, and programmable
calculators. The new M-65 Vapor Generation Accessory
greatly simplifies hydride analyses, bringing new levels
of convenience and throughput.

There is no compromise in performance. The low cost
AA-475 and AA-275 provide a sensitivity levellhal
matches or exceeds that of competitive models at
twice the price.

Find out more about the AA-475 and AA-275 today.
Circle 235 for product literature. Circle 236 il you
wish a representative to call. Or write: Varian
Associates, Inc .. 611 Hansen way,@
0-070-2, Palo Alto, CA 94303.

SEE US AT THE
PITTSBURGH
CONFERENCE.

varian



ACS
Symposium
Series No. 81

Willard Marcy, EdItor
Rosoarch
Corporation

A symposium

f5:~~foO;~1/~~~~~riBI
and Engineering
Chemistry of tho
American Chemical
Socle,.,..

Order from:
SIs/Amerlc."
Chomlcol Socloty
1155 16th 51., N.W.
WOIh., D.C, 20036

Patent Policy
Government, Academic,
and Industry Concepts

ThiS new, practical guk1e pr()V)des hislor-

~~r~:~~~~,~~bfa;~J~:~e:I~~~n 01
poliCH3S in government. industry. and
academia - an essential reference tor
professional chemists and chemical en-

~~~~~~~~~ls~J:~t::::::~he~ts-
and administrators.

SpecifIC queSIM>05 are asked and an·
SWOtS are gIven concerrwng eXisting pal­
ent polic~s and how ~hey are working 10
reward all of the partIeS at Interest While
safeguarding the publJC. and construetJ\l8
approaches which may enhance the use­
fulness 01100 ~atenl system In the luture
ate outlined.

CONTENTS
QOVERNMENT: F.a-ral PAt.". Polley •~
Pal<tntPolocy.HR ~.~R4DCortrKt....,
ACAD£MtC: UrwvetIiT) Ttcmoloqy Tl~.~.
""" Of C»tomo. Plr.ent Pr09'am. Economoc Benellts
lot ~Itf'"""" un........~. E~~ aI"(l Non­
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Chemical Stability
G. D. Se.rI. &< Co.. R....rch &< o.v.1ol?mont
Divi.lion, haa an immediate opportunity availa­
ble within our chemical slability evaluation
(unction,

Re.ponsibilitiel include:

· ~~lli~Z:a~:; ~~hc:h'tvelopment of
·:~~~~::l:w~~~emicaJ drua
• Reaulatory wbmilaion documentation and

expiration datinl.

Qualifications include Ph.D. in Analytical
Chemistry speeializina in chromatovapbic
methods o( I,naly.is coupled with one to two
years pharm~euticaJ ~nalysis chrnrnal.oiJ"apbic
Instrumentation expenenl:e.

Forward resume in ItriCtest confiden~ with
salary history or requirements to:

p.terJ. You.

G. D. Searle & Co.
RIUQTch. o.."",loptn4nt DivtUon

P. O. Box 5110
O'lICil90. IL 60680

LABORATORY SERVICE CENTER

WANTED-ANAl.YTlCAlIlA1.A/oU WITH
AUTOMATIC PAN DUMPING AND ELEC­
TRONIC REA~. PlEASE CONTACT
KENT SHAH AT COLOR CONVERTING
INDUSTRIES, P. O. BOX 4804, DES
MOINES, IOWA 50306 515-266-2626

lAB SAFE"
Send tor 1979 Catalog

LAB SAFETY SUPPLY co,
P.O,BoI 1368. Jonol.1ll0. WI 5M45

ANALYTICAL SERVICES
.<-_.~ ",.-_ ..
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Determination of Trace-Level Vanadium in Marine Biological
Samples by Chemical Neutron Activation Analysis

Alan J. Blotcky, Carl Falcone. Victor A. Medina, and Edward P. Rack'

General Medical Research. Vsterans Administration Hospital, Omaha. Nebraska 68105, and Department of Chemistry, University of
Nebraska Llnco/n. Nebraska 68588

David W. Hobson

Department of Biology, Texas A&M University, College Station. Texas 77840

A pre-Irradlallon chemistry neutron acllvallon analysis pro­
cedure employing callon-axchange chromatography Is de­
scribed for the determlnatJon of trace-level vanadlLl1lIn marine
biological speclmans, The procedure, utilizing a low-power
nuclear reactor (-1 X 10" nlcm'-s), conslsts 01 wet digestion
of the sample, callon-axchange chromatography employing
nitrIc acid wash to remove the major radioacllvatable con­
taminants (sodium and chloride Ions), ammonium hydroxide
elution to remove vanadium Irom the resin, and neutron ir­
radlallon and radJoassay lor "v. The limit of detection of the
method Is 30 ppb, The detemmatJons of the vanallun content
of NBS Standard Relerence Material 1571 Orchard Leaves
resulted In a value of 0,60 ± 0.02 ppm. DetermlnaUona of the
vanadium content In shrimp, crab, and oyster (RSD S 5 %)
Irorn four sites oil and near Galveston Island, Texas, showed
that the vanadium content Is greater in samples taken in the
Industrialized areas as compared to a non·lndustrlallzed
secllon,

Analytical meLhodolob'Y for t.he determination of petroleum
hydrocarbons in sediment (J) is evolving at a rapid rate.
Unfortunately, Lhere is no concomitant progress in developing
highly sensitive techniques for measurement of the vanadium
content of marine biological specimens. which have a tendency
toward concentrating (2,3) vanadium from the environment,
for reasons not yet understood. Environmental mobilization
of vanadium and its compounds occun; by a number of means
in the net transport of vanadium into the oceans. Some of
Lhe.. transport processes include terrestrial run off, industrial
emissions, atmospheric wash out (vanadium in t.he air comes
only from industry, as Lhere are no significant natural sources),
river transport, and oil spills, resulting in a complex ecological
cycle (4). There has been discussed (5.6) the possibilit.y of
vanadium deposition due to oil spillage. but no evidence is
yet available to confirm the release of vanadium from oil.
Since crude oils are rather rich in vanadium (50-200 ppm).
it is not inconceivable that some vanadium should be released
upon the contact of oil with seawater (7).

While vanadium determinations may be accomplished in
a variety of ways, including spectrophotometry. atomic ab­
sorption, X·ray fluorescence, and neutron activation (7), only
a few of these methods are capable of detection limits which
include natural concentrations of vanadium, without extensive
pooling of samples. Because of favorable radioactivation
properties of vanadium, neutron activation analysis. in Lheory,
offers detection limits in the several parts per billion range.

The reason why vanadium determination by neutron ac·
tivation requires a rather elaborate procedure, when applied
to biological samples, is Lhat the Compton contributions from

the large amounts of sodium·24 and chlorine-38, almost always
present in neutron-activated biological samples, cause a
masking of the 1.434·MeV vanadium peak (''V). This means
that unless quantities of vanadium arc very large, or the
sodium and chlorine contributions are very small, vanadium
cannot be accurately detected in a biological matrix. It then
becomes necessary to devise means of sodium or vanadium
separation from the sample, such as the pioneering method
used by Meinke (2), involving post-irradiation chemistry.
Unfortunately, post·irradiation chemical techniques have
several drawbacks, especially in the case of a short-lived
radioisotope such as 52V (T1/2 = 3.77 m), where appreciable
quantities of activity nrc lost prior to radionssay.

In a recent. study, Guinn and his co·workers (8) analyzed
marine biological specimens and sediments for vanadium using
pre-irradiation removal of sodium by hydrated antimony
pentoxide (HAP). According to Guinn, the procedure worked
fairly well but act.ivation of antimony dissolved from the HAP
made it difficult to detect. low vanadium levels in small bi­
ological samples. Guinn also proposed an alternate method
involving co-precipitation of vanadium with ferric hydroxide,
but found that the reproducibility of the method was not very
good.

At the present time, there is an unavailability of certified
standard samples, such as freeze·dried Bovine Liver (SRM
1577), Orchard Leaves (SRM 1571), or Tuna (SRM 1591),
assayed for vanadium. However, Nadkarni and Morrison (9)
quote a value for vanadium in Orchard Leaves (SRM 1571)
of 0.61 ppm, as compared to Guinn's values of 0.52 ± 0.02 ppm
and 0.50 ± 0.07 ppm, and that of 0_58 ± 0.05 ppm. as obtained
in six Japanese laboratories (8).

The main purpose of this study is to develop a sensitive
neutron activation analysis procedure employing pre·irra­
diation chemistry to remove the majur radioactivatable
contaminants from marine biologicals such as oyster, crab,
and shrimp. and to evaluate lhe procedure by analyzing NBS
Orchard Leaves and comparing the values to those already
reported. Rather than develop a procedure employing "shelf'
specimens, we ubtained "real world" shrimp, blue crab, and
oyster from four areas off or near Galveston Island, Texas.
One area was in pristine waters and the other three were areas
of varying degrees of industrial pollution. The areas selected
for the collection of the "polluted" samples were near or
adjacent to Texas City oil refineries and proximal to both the
Gulf intra·coastal waterway and the Houston ship channel.

EXPERIMENTAL
Sample Collection. All marine biological specimens were

taken at four different sites on or wound Galveston Island, Texas.
One site was the rather non-industrialized or pristine San Luis
Pass area off the westerly section of the island. The other three
sites were in the industrialized area of Galveston. The Bolivar
site is adjacent to the Texas City refineries and proximal to both
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the Gulf intra-coastal waterway and the Houston ship channel.
The East Beach area is on the northeastern section of the island
in the channel waterway. The Sportsman Road area is in the north
central area of Galveston Island, south of the Texas City refmeries.

Blue crab (Callinectes sapidus) and white shrimp (Penaeus
seti/crow) were collected by seine. Oysters (Crassostrea virginica)
were pried off the rocks with 8 crowbar. All specim.ens were dried
at 95°C in an oven to constant weight, and then crushed into
8 powder with 8 mortar and pestle. Samples analyzed weighed
on the order of 0.25 g.

Acid Digestion Procedure. AU glassware was soaked in a
50% by volume aqueous (distilled water) solution of HNO, for
at least 12 h, and then rinsed thoroughly with distilled deionized
water to remove possible traces of vanadium prior to analysis.

A wet·ashing procedure utilizing concentrated HN03 was
employed to digest the specimens prior La the chemical separation
of vanadium. We compared the vanadium contents DC several
commercial brands of reagent grade nitric acid for their suitability
in the ashing procedure. Since there appeared little difference
between Baker (0.006 ~g/mL V) and Baker Ultrex (0.006 ~g/mL
V) HNO" we employed the Baker Reagent grade acid. [tappears
that vanadium is one of the least troublesome elements with
respect to contamination.

A comparison of 50 ppb undigested vanadium stnndards (as
V,O,) with 50 ppb digested standards showed that there was no
measurable loss of vanadium due to the digestion process at the
temperatures employed in the procedure.

Samples weighing on the order of 0.25 g dry weight were placed
in Vicor crucibles containing 10 mL of concentrated nitric acid.
The crucibles were then placed in an ultrasonic bath for 30 min
to increase the surface area of the sample, which enhances its
ability to dissolve in the digestion process. The crucibles were
then placed on a sand bath and heated to 65 ·C until absolutely
dry (approximately 48 h). The low ashing temperature was used
in order to prevent volatilil.Btion 1lX::lSeS of any vanadiwn compound
in the multielement biological matrix.

To effect an efficient digestion, 10 additional mL of con·
cenlraled HNO j were added to the digested sample. after which
it was again placed in the ultrasonic bath for :30 min and the sand
bath digestion procedure repeated. After the sample WQ.q digested
for the second time, 10 mL of I M HNO, was added to redissolve
the sample, and the crucible was again placed in the ultrasonic
bath for 30 min. The dissolved sample was then transferred to
a centrifuge tube and centrifuged at 2500 rpm for to min to
separate out the non-acid-soluble residue. Both the acid-soluble
and the non-acid-soluble fractions were saved for analysis.

Resin Columns. Cation-exchange columns were prepared by
loading a 0.7 x 10 cm polypropylene column (Bin-Rad) with 2.5
g of Bin-Rad AG 5OW-X8 cation resin (200-400 mesh, hydrogen
form) in 3 mL distilled deionized \\'ater. The resin was then
equilibrated with 10 mL of I M HNO,.

Vanadium Determination in Orchard Leaves. Two di­
gestion procedures were evaluated, one involving concentrated
HN03 as previously described and the other a mixture of 2090
H20 2 by volume in a concentrated HN03 solution.

The acid-soluble part of the sample was added to a previously
prepared AG 5OW-Xe resin column and allowed to elute through
the column. Two 3-mL aliquols of 4 M NH.OH were then allowed
to elute through the resin and each 3-mL eluent was collected
in an irradiation vial for activation. The non·acid·soluble residue
was transferred to an irradiation vial using 3 mL distilled deionized
water.

Determination of Vanadium in Marine Biological
Specimens. The acid-soluble part of the nitric acid·digested
sample was added to the AG 50W-X8 resin column as described
above. However, because of the large quantity of sodium and
chlorine in the biological samples, it was n~cessary to wash the
column with 10 mL of 0.5 M HNO, prior to eluting the vanadium
off the resin with the 4 M NH,OH. The two 3-mL aliquots of
NH.OH were then collected for irradiation as described above.

The non-acid·soluble residue was then transferred to an ir·
radiation vial using 3 mL distilled deionized water. Instrumental
neutron activation analysis of the residue showed minor quantities
of sodium and chlorine; however, aluminum was a major ca·
dilx:ontaminant, probably the result of the "Si(n,p)"'AJ reaction,
if the insoluble vanadium-containing residue was a silicate.
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Figure 1. y-ray spectra fol~wing neutron Irradiation 0' white shrimp
from Bolivar area. Photo peaks with a Pr designation lncicate escape
peaks. la) lNAA procedure, (b) a"or pre-lrradlatloo chemistry

Neutron Irradiation. All samples were irradiated in the
Omaha Veterans Administration Hospital TRIGA Mark 1reactor
operating at a thermal-neutron flux of -1.1 X lOll n/cm2-s. The
samples were irradiat.ed in the rotary specimen rack of the facility
for 10 min and allowed to decay for 2 min before counting.

Radioassay. .." counting was done using a BO-cmj coaxial
lithium-drifted germanium detector (Harshaw Chemical) and a
Nuclear Data ND 600 2048·channel analyzer, with a system
resolution of 2.3 keY (FWHM), a peak-to-Compton ratio of 26/ I,
and a relative peak efficiency of 12.7% far the 1.332-MeV "( of
wea.

RESULTS AND DISCUSSION
Development oC Procedure Parameters in Aqueous

Solution. Shown in Figure la is the instrumental neutron
activation analysis (INAA) -y-ray spectra following neutron
irradiation of 0.25-g samples of white shrimp cnllected from
the Bolivar area. It is obvious from inspection of this Figure
that INAA procedures cannot be employed, because of the
large contribution of sodium, chlorine, and aluminum ac­
tivities. Consequently, it is necessary to employ either a
pre· irradiation or post· irradiation wet chemistry procedure.
We decided against the post-irradiation procedure developed
by Fukai and Meinke (2) for various reasons. Because of the
short half-life of"V (Til' = 3.77 m), any prolonged decay time
after neutron irradiation will raise the limit of detection.
Because vanadium exists in various oxidation states, neutron
irradiation can result in Szilard-Chalmers reactions of va­
nadium with the medium, which can complicate any post­
irradiation procedure (10).. We decided against the Guinn et
al. (8) pre-irradiation use of hydrated antimony pentoxide
(HAP) for the reasons discussed in the introduction, From
uur previous experience, for trace aluminum in urine and bone
(I I, 12), we found that a pre-irradiation cation-exchange
chromatography procedure (employing HNO, elution) on
digested biological samples resulted in a ncar 100% decon­
tamination of sodium and chlorine. Vanadium is an element
that can exist in multiple oxidation slates; but while in the
+5 oxidation state, it can exist as either a cation or anion
species, depending on the pH of the system (13).

To study the feasibility of a cation-exchange chromatog­
raphy procedure for vanadium in marine biologicals, it was
first necessary to study the interrelationships of vanadium
retention on the resin and sodium and chlorine decontami­
nation at various HN0:t concentrations. This was done with
aqueous solutions of V,O, and NaC\. For the purpose of the
cation-exchange experiments, we employed a 0.7 x 10 em
polypropylene column,.as compared to the 0.7 X 4 em column
in our aluminum studies (I I, 12). This resulted in a more
efficient retention of vanadium on the cation column resin
bed. Presented in Table I are the vanadium and sodium losses
from the AG 50W-X8 cation resin at various HN03 elution
concentrations, and the number of washes employed. The
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G The sum of the first two washes was 64.0% indicating
1 M HNO, as a nonsuitable eluent. b Nondetectable.

sodium decontamination from resin

resin loaded with 1 mL of 1 mg/mL Na + 10 mL distilled
deionized water

total
lst 2nd 3rd (2

HNO,wash load wash wash wash washes)

5mL1 M 3.8 64.0·
5 mLO.6M 1.3 1.7 5.5 9.5 8.5
5 mLO.2M NOb 3.9 NOb NOb 3.9

Table J. Vanadium and Sodium Lou from Reain at
Varioua HNO. Elution Concentrations
and Number of Waahea

vanadium loss from resin

resin loaded with 1 mL of 1 ~g/mL V + 10 mL distilled
deionized water

% loss

83.7 • 3~0

87.01 1.2
87.812.8
87.4 ± 2.0
85.71 3.0
86.01 2.0
81.61 13.0

2
3
4
5
6
7
9

Table III. Total Recovery of Vanadium in Marine
Biological Specimens from the Bolivar Area

white blue oys·
marine hioloc:ical samples shrimpQ craba ter"

load of resinc NOb NOb NOb
first 0.5 M HN0 3 washc 0.06 NOb NOb
second 0.5 M HNO, washc 0.05 0.02 0~03

first 4 M NH.OH elution NO 0.05 0.02
second 4 M NH ..OH elution 0.12 0.06 0.11
residue 0.22 0.13 0.02
resin NO ND 0.00
total vanadium in sample 0.45 0.28 0.18

marine biological samples + llig
vanadium" spike"

NObload of resinc 0.03 0.03
first 0.5 1'.1 HNOs washc 0.12 0.14 0.07
second 0.5 1'.1 HNO J washc 0~11 0.15 0.09
first 4 M NH.OH elution 0.06 0.60 0.07
second 4 M NH ..OH elution 0.81 0.16 0.89
residue 0.18 0.10 0.01
resin NOb NOb NOb
total vanadium in sample 1.28 1.18 1.16
difference between "spike" and 0.83 0.90 0.98

sample
elution yield, %d 75 65 83

a Each elution was with 5 mL Baker Reagent Grade
NH 40H. b Resin loaded with 1 ppm V in 5 mL water.

Table II. Elution Yield vs. Molarity of
Ammonium Hydroxide

molarity,a M % yield b

a lie vanadium per gram, dry weight. b ND = nondetect­
cd. C Approximate values. Because of the large sodium
and chlorine radiocontamination. a compulcr matrix was
used to solve for the vanadium content. d Calculated for
the NH ..OH elution.

Development of the Procedure for Marine Biological
Specimens, As can be seen in Table III, employing "real
wurld" marine biological samples, white shrimp, blue crab,
and oyster specimens collected from the Holivar area, we
evaluated the vanadium procedure described in the Exper­
imental section. We determined for these specimens and those
containing a l-~g vanadium "spike" a5 V20~ the vanadium
content of the various steps in t.he procedure. Because of the
large sodium and chlorine contamination in the HN03 wash
and the resin, these values can be considered only approxi­
mations. It is interesting to note that even with these ap·
proximations. the accountability of the l-~g "spike" for white
shrimp, blue crab, and oyster is 0.83, 0.90, and 0.98 ~g. One
interesting feature of this Table is that the vanadium content
in the insoluble residue, probably a silicate, is constant within
experimental error between the sample and the "spike". Using
the NH,OH elutions for both the sample and the spike, by
the method of standard additions, we calculated vanadium
elution yields. As can be seen in Table III the major loss of
vanadium appeared to be in the HN03 washes. The total
vanadium content in each sample is the NH,OH elution
fraclion, corrected by employing an elution yield determined
by the method of standard additions, and the vanadium
content of the residue. In order for the procedure to be a
viable one, it is important that the vanadium elution yields
with the NH,OH be reproducible~ We determined relative
standard deviations employing 16 different sets of marine

104
93
66

o
13

9

22
24

9

58
30
19

5mL1M 24
5 mLO.5 M 39
5 mL 0.2 M 38

ideal condition is to find nn elution resulting in zero vanadium
loss from the resin and 100% decontamination of sodium. As
is generally known, snd as we have fuund previuusly (J I), the
chloride ion readily passes through the resin. It is apparent
from inspection of the Tahle that greatest vanadium retention
is with 0.2 M HN03; however, at this concentration of HNO"
the sodium decontamination is least efficient. It is unfortunate
that appreciable vanadium loss occurs as the number of HN03
washes increases. We decided, for optimal results, to use a
10-mL 0.5 M HN03 wash, which results in a 93% deconta­
mination of sodium and a vanadium retention of >91 % in an
aqueous solution. Since the retention is not 100%, there may
be some question os to aetual reproducibility in biolugical
samples. This question will be answered in the following
section. The main vanadium species is probably VO,+ under
these conditions (13).

In the development of our cation-exchange chromatography
procedure for aluminum in biological matrices (bone, urine)
employing HNO, elution, we radioassayed the aluminum on
the resin. Employing the method of Currie (14), the limit of
detection using the vanadium captured on the resin is 0.006
~g/mL. It would seem that the ideal procedure would involve
employing the resin. However, when we used actual murine
biological samples, whieh contain significantly greater
quantities of the radioactivatable contaminants sodium ond
chlorine, we found that the level of sodium and chlorine
contamination on the resin after a 10-mL 0.5 M HN03 wash
was too great to allow accurate vanadium determinations. We
evaluated the possibility of eluting the vanadium from the
resin and performing a radioassay on the eluent. This
procedure would have the added advantage in that the resin
radiocontamination would not be present in the assay. Since
vanadium can exist as an onion at pH values greater than 4
(13), we evaluated the use of NH,OH as an eluting agent to
remove vanadium. We loaded various columns with I ppm
vanadium in 5 mL of water. The amount of vanadium re­
tained on the resin under these conditions was 100%.
Presented in Table II are the NH.OH elution yields at various
NH,OH molarities. It would seem that the yields were rather
insensitive to the molarity and were generally >81 %. We
chose to use for our elutions 4 M NH,OH. At this condition,
the m06t probable vanadium species are anions such as VO.'~

or [V,O.(OHI]'-. In the procedure which we discussed in the
Experimental seetion, we employed two 3·mL 4 M NH,OH
elutions for ease in sample handling in the radioassay steps.
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Table IV. Analyses of Marine Biologicals in the Galveston Island Area for Vanadiumo

NH.OH
elutions

1: 4 M NH.OH eluentb yield. % residue total V content

1.091 0.09
1.761 0.26
1.84 1 0.14
1.31 1 0.09

1.42 1 0.19"
2.671 0.18
3.051 0.34
0.401 0.09

0.781 0.13d
0.61 1 0.18
1.64 1 0.25
0.121 0.04

0.47 1 0.05
0.761 0.18
1.001 0.12
0.471 0.07

64
70
88
63

77
79
88
68

0.64 1 0.06d

2.0510.06
1.41 1 0.09
0.281 0.07

0.621 0.04
1.001 0.08
0.84 1 0.03
0.84 1 0.06

while shrimpc
Bolivar
East Beach
Sportsman Road
San Luis Pass

blue crab'"
Bolivar
East Beach
Sportsman Road
San Luis Pass

oyster'
Bolivar 0.6510.11 81 0.1810.12 0.8310.02
East Beach 0.4310.13 90 0.2610.18 0.6910.24
S!>ortsman Road 0.621 0.02 76 0.801 0.06 1.421 0.05
San Luis Pass 0.46 1 0.05 94 0.07 1 0.05 0.531 0.03

Q n = 6. b The sum of the two 3 mL 4M NH.OH elutions. C Penaeus setiferous. d All values expressed in IJg VIg of dry­
weight sample. e ColJincctcs sapidus. 'Crassostrea u;rginica.

digestion vanadium
procedure content, J,lC VIC

Table V. Vanadium Content of NBS Standard Reference
Materia11571 Orchard Leaves. Neutron Activation
Analysis Procedures

vanadium contents in the NH,OH elution and the residue
were separately radio8SSayed for the 1.434-MeV s"Y 'Y pho­
topeak. The activity under the vanadium photopeak was
determined by a computer procedure (15) utilizing a simplex
method of linear programming.

According to the method of Currie (14). the lower limit of
detection in the procedure is 30 ppb. Although it was not our
intention in this paper to comment on the environmental or
marine biological significance of vanadium differences in the
various species collected in the non-industrialized and in­
dustrialized areas. it is apparent from inspection of Table IV
that the vanadium content of the species is greater in the
industrialized areas as compared to the nonindustrialized San
Luis Pass area.

Vanadium Content in NBS Standard Reference
Material 1571 Orchard Leaves. Since there is no certified
vanadium reference standard, it was of importance for us to
determine the vanadium content in NBS Orchard Leaves
SRM 1571. As can be seen in Table V. there are several
reported values for tbe vanadium content of Orchard Leaves.
Because of the low radiocontamination by otber elements,
vanadium can be readily determined by INAA. As discussed
in the Experimental section. we employed two different
experiment.al processes. the regular HNO, digestion procedure
and one involving a mixture of NHO, and H,O, similar to the
Guinn digestion procedure (I 1). The remaining chemistry
procedure was similar to that employed for the marine bi­
ological specimens. We note that our HNO, and H,O, di­
gestion procedure resulted in a value 0.44 ± 0.04, close to being
within experimental error of the Guinn values of 0.52 ± 0.02
and 0.50 ± 0.07 I'g V/g. These values were lower than the
Japanese value of 0.58 ± 0.05 /lg V/g and our value employing
HNO, digestion of 0.60 ± 0.02 ~g V/g. The Nadkarni and
Morrison value of 0.61 I'g V/ g and our 0.65 ± 0.05 by INAA
are within experiment.alerror of our 0.60 ± 0.02 I'g V/g value.
We suggest that the use of HNO, and H,O, results in va­
nadium loss during digestion, and that the vanadium content
in the Orchard Leaves is closer to the 0.60 I'g V/ g value.
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c
d

destructive analyses

reported procedure
modified reporled

procedure
V. P. Guinn procedures,

HAP
Fc(OH),

six independent
Japanese laboratories
(mean)

instrumental neutron
activation analyses
this study 0.651 0.05
Nadkarni and Morrison 0.61 (9)

a 1 slandard deviation. b 90% condifence limit. C Wet­
8shed with 10 mL concentrated HNOr d Wct-ashed with
8 mL concentrated HNO, + 2 mL H:O:. lJ Wct-8shed
(HNO) + H~O~) ratio unknown. r Unknown.

biological samples collected from all sites. Each set was
composed of at least six individual samples of the same
specimen. The average relative standard deviations of the
determinations was better than 5%. It is our contention that
these elution yields are acceptably reproducible quantities.

Determination ofTrace Levels of Vanadium in Marine
Biological Specimens. Employing the procedure described
in the Experimental section, we determined the vanadium
content in white shrimp, blue crab. and oyster from the four
sites off and near Galveston Island. Figure lb shows the
combined spectra of the residue and the NH,OH elution for
a typical analysis of Bolivar area shrimp. The major con·
tribution of aluminum was from the residue. probably the
result of the "Si(n.p)"AI reaction. The other radiocon·
taminants, a>Br, 66Mn, 27Mg, and 3OSi, were mainly present in
the residue. The tot.al decont.amination of radiocont.aminants
was greater than 90%. It is important to realize that''V can
be produced from naturally occurring manganese. Since some
of the samples contained manganese, we determined whether
sufficient quantities of S2V could be produced by fast-neutron
activation. A 50·~g manganese sample irradiated under
identical conditions resulted in nondetectable quantities of
'''Y. Presented in Table IV are the vanadium results for the
marine biological samples from the Galveston Island area. The
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Viscosity, Calorimetric, and Proton Magnetic Resonance
Studies on Coal Liquid Fractions in Solution

Krishna C. Tewarl, Nan·slng Kan, DavId M. Susco, and Norman C. LI'

Depart_n, 0/ ChBmlstry, Duquesne University. Pmsburgh. Pennsylvania 15219

Two coal liquid products derived from the same Kentucky hvAb
coal have been separaled Into Ia/uene-Insoluble, asphallene,
and pentane-soluble heavy 011 fractions, Viscosity and cal­
Oflmelrlc: slucles are reponed althe lnIeracUon between heavy
01 and aaphall_ (A) and lis acid/neutral (AA) and base (BA)
components In solvent benzene. The Increase In viscosity and
molar enthalpy 01 Inleractlon, t:.Ho, In Ihe order BA > A >
AA, correlates well with the prolon magnetic resonance
downfleld chemical shllt ollhe OH signal of o-p/1enylphenol,
as a function 01 added alPhaliene (A, AA, BA) concenlratlon
In solvent CS.. The reaulls auggeallhal when esphallene and
heavy 011 are presenl logether, hydrogen-bonding Involving
largely phenolic OH, Is one of the mechanisms by which
asphallene-lleavy 011 Inleractlon8 are achieved and, In parl,
Is responalble for the vlscoalty Increase 01 coal liquids.

The high vi8cosity at ambient temperature of coal liquids,
derived from hydrogenation processes, has been a major
concern in the direct use of the coal liquids as a boiler fuel.
The viscosity of these liquid products has been related to the
asphaltene (Loluene·soluble, pentane-insoluble) and preas­
phaltene (toluene-insoluble, pyridine-soluble) fractions (1-5).
Although the effect of preasphaltene concentration on the
viscosity of coal liquids is dramatic, the increase caused by
asphaltene materials has been suggested to be due to acid-base
interactions (2, 4) between hydroxyl or acidic nitrogen and
basic nitrogen functions causing molecular aggregation and
a corresponding trend Loward highly viscous liquids_ Reoently,
the effect of the heavy ends of coal liquids on viscosity has
been 8tudied by Schiller et a\. (6). They, however, observe
that hydrogen bonding is more important in defining the errect
of asphaltene on Viscosity thall are acid-base salt formation
interactions.

We report here the effect of asphaltene concentration on
the viscosity of benzene solutions containing pentane-soluble
beavy oil (HOl fraction of the same coal liquid, and the
observed correlation of viscosity change with calorimetric and
proLon magnetic resonance results. The data suggest that
when aspbaltene and HO are present Logether, hydrogen­
bonding involving largely phenolic OH, is one of the mech·
anisms by which aspbaltene-heavy oil interactions are
achieved, and in part is responsible for the viscosity increase
of coal liquids,

EXPERIMENTAL
Centrifuged liquid product. (CLP) samples, FB53-59 and

FB57-42 were obtained from the 450 kg 0/2 ton) per-day Process
Development Unit at the Pittsburgh Energy Research Center,
after 236 and 168 h, respect.;"ely, and were prepared from \.he same
feed coal, Kentucky hvAb, from Homestead Mine, at 27.6 MPa
(4000 psi) hydrogen pressure and 723 K reactor tcmpersture. Run
FB!)~-59 was made with the reactor packed with Harahaw 04021'
CoMo catalyst. 11·min preheater and J-min reactor residence time
while run FB57·42 was made with the reactor charged with glass
pellets. 17-min prehcater and 6·min reactor residence time
(residence time of coal slurry feed in prehcater and reactor was
calculated from Cold-Model studies). The isolation of tolu­
ene-insoluble (TI), asphaltcne(A), and HO fractions from the two
eLP samples was accomplished by solvent fractionation based
upon solubility in toluene and pentane. The A fraction was further
separated into acid/neutral (AA) and base (BA) components by
bubbling dry hydrogen chloride ga. through a stirred toluene
solut.ion. Details of these isolation methods h8\'e been previously
described (7,8). Traces of residual solvent from dried asphaltene
samples were removed by freeze-drying a dispersion of \.he isolated
fraction in benzene. For the liquid HO fraction, dry nitrogen was
passed for 8-10 h at room temperature.

o-Phenylphenol (OPP) was obtained from Eastman Kodak Co.,
purified by recrystallization from ether and stored in a vacuum
desiccator at 130 Pa (l mm Hg) at room temperature. Benzene
was of Fisher pesticide grade dried over 4A molecular sieves.
Carbon disulfide (CS,) was purified as described previously (9).
The molecular weights were det.ermined on 8 Mechrolab 301A
vapor pressure osmometer at 10-20 gjdm3 in toluene solutions.
The solution \'iscosities were determined by Ostwald viscometer
at 293 K. Viscosity data reported here are with respect to water
whose viscosit.y (10) was taken as 1.002 cP at 293 K. Proton
magnetic resonance (PMR) spectra were obtained at 220 and 60
MHz as CS, solutions with tetrnme\.hylsilane (TMS) as an internal
reference.

Hydroxyl Silylation. Hexamethyldisilazane, 20 em', and 10
cm' of N-trimethylsilyldiethylamine were added to 100 cm' of
benzene containing 2 g of asphaltene or HO sample. The mixture
was slowly refluxed under nitrogen for 18 h. The solvent and
unreacted reagents were removed on a Rotavap at 333 K. Nitrogen
was then flushed Lo ensure dryness. The residue was repeatedly
dissol\'ed in benzene and dried as before. To ensure nearly
complete removal of reagents, the silylated asphaltene residue
was finally freeze-dried from 10 em' of benzene over a 3-h period.
In \.he case of \.he silylated HO fraction, dry nitrogen was bubbled
through the solution for 8-10 h. The formation of HO or as­
phaltene trime\.hylsilyl e\.her was checked by infrared apeclrometry
for complete disappearance of the free phenolic or alcoholic
hydroxyl group absorption at 3600 cm-'. Representative partial
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Table I. Ultimate Analyse. (maf) and Molecular Weight. of Asphaltene and Heavy Oil Fraction.

atomic

source fraction C
C/H Momo!.

H 0 N S CI ratio wt.
FB 53-59 A 85.85 6_5 4.4 2.02 0.88 0.39 1.10 740

AA 84.0 7.2 5.5 1.03 0.96 1.34 0.97 620
BA 85.3 6.6 4.2 2.79 0.70 0.44 1.08 950
HO 86.3 8.6 3.2 1.05 0.73 0.16 0.84 290

FB 57·42 Aa 86.3 6.45 4.2 2.02 0.95 0.10 1.12 530
AAa 85.45 6.75 4.7 1.21 0.77 1.16 1.06 430
BAa 86.05 6.1 3.45 3.03 1.15 0.24 1.18 680
HO 86.8 8.5 2.9 1.13 0.64 0.11 0.85 260

a Taken from Ref. (7).
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Figure 1. Partial infrared spectra of pentane·soluble heavy oil, (HO),
and silylated heavy oil, HQ (TMS), fractions in CS2 solution

infrared spectra of the HO fraction before and after silylation are
shown in Figure 1. No significant change in intensity of the
infrared absorption bund at 3480 em 1, assigned (l1) to free NH
groups of pyrrole or carbazole. was observed after silylation.
indicating that the silylated 1-10 or asphaltene derivative was
substantially derived from hydroxyl moieties.

Calorimetric Measurements. The calorimeter wns essentinlly
that designed by Arnett (12), except that ~he systematic ba..o;;e-line
drifts on the recorder were compensated by extremely slow passage
of dry nitrogen throug-h the Teflon top well over the solution
surface in the cell. All solutions were prepared in a dry box. A
gas-tight Hamilton syringe with Chaney adaptor was used for the
introduction of the liquid sample of HO in benzene. The heat
of reaction, corrected for the heat of dilution, was determined
by injecting a benzene solution of HO of known concentration
into the calorimeter cell containing a known amount of asphaltenc
fraction in benzene. Each successive measured heat und the moles
of HO injected in the cell solution were added to the previous
total measured heat and moles injected. The range of reactant
concentrations was chosen to satisfy as nearly as possible the
criteria outlined by Conrow et al. (13). The accuracy of the
calorimeter was checked against the accepted value for the heat
of solution of potassium chluride (I-I. 15) in water.

The molar enthalpy, :lH0
• and equilibrium constant, K. for a

1:1 complexation in n donor-acceptor type reaction A + B ~ C,
were determined simultaneously from the Bolles and Drago (16)
equation

where Ao and 8 0 are the initial concentrations of A and B, re­
spectively, u is the volume in dm3 of the solution and Ml' is the
measured heat of formation for an unknown amount of complex

1.5

Figure 2. Relative viscosity chango with a<!:led asphaltene concentration
in C6H6 and In 0.305 M solution of HQ In C6H6 at 293 K. Sample
FB57-42: (1) AA in C.H.: (2) AA in HO + C.H.: (4) BA in C.H.; (5)
BA In HO + C.H.: Sample FB53-59: (3) AA in C.Ho

corrected for the heat of solution of the added reagent at the
corresponding concentration.

RESULTS AND DISCUSSION
The viscosities (I7) at 355 K of the two CLP samples,

FB53-59 and FB57-42, from the same feed coal Kentucky
hvAb. were >700 and -128 Saylxllt seconds, respectively. The
high viscosity of the catalytic run, FR53-59. may be attributed
largely to partial deactivation of the catalyst bed. Solvent
fractionation gave the weight percent distribution of TI, A,
and HO fractions in FB53-59 as 10.4, 33.3, and 56.3. re­
spectively, and in FB57-42 a, 9.3, 28.3, and 62.3, respectively.
Further separation of A from FB53-59 and FB57-42 into AA
and BA components gave the weight ratio AA/BA of 53.1/46.9
and 46.7/53.3. respectively. The results indicate that the low
viscosity liquid, FB57-42, contains lower weight content of TI.
A, and higher weight percent of BA in A fraction. The
long-residence-time preheater and reactor seem to favor
convcrsion as well os dccreasc the viscosity of t.he product oil.
The results of ultimate analyses and molecular weight de­
terminations for the asphaltene and HO fractions are given
in Table I. It is interesting to note that asphaltene (A. AA,
HA) and HO fractions isolated from the low viscosity liquid,
as compared to similar fractions from the high viscosity liquid
product (FB53-59), have lower molecular weight, lower oxygen
content, higher nitrogen content, and higher C/H ratio.

To understand the effect of the asphaltene fraction on the
viscosity of the liquid product and the nature of the interaction
involved, the viscosities at 293 K were measured for benzene
solutions of HO (0.305 M) containing varying amounts of
individual asphaltene fractions. The relative viscosity (~,)

changes with concentration of AA and BA, isolated from
FB57-42, are shown in Figure 2 (curves 2 and 5). The results
indicate that, at a given temperature and concentration (above
0.035 M), BA has a larger effect on viscosity than AA. Al­
though the limited solubility of unfradionated A restricted
the viscosity measurement above 0.035 M, where marked
changes in viscosity were observed, it is interesting to note
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Table IL Summary of Thermodynamic
Collltanta" at 298 • 0.5 K

K,
dm' -Mr,kJ

source system mol· I mo)- I

FB 53·59 HO + A in C,H, 9.3 19.12' 0.57
HO + AA in C,H, 9.1 15.02. 0.48
HO + BA in C,H, 9.4 25.90, 0.78

G Uncertainties in li.Jr values arc standard deviations.
Error in K is about 10%.

that Bockrath et al. (4), have shown that the viscosity values
for BA in pure HO are slightly greaier than that of A in HO.
The observed order of increase in ~, (BA > AA) correlates well
with the increase in molecular weight, nitrogen content, and
decrease in oxygen content, Table I, of the added asphaltene
fraction. Since coal-derived asphaltenes are known to associate
even in dilute solution and more significantly in nonpolar
solvent (I8, 19), the contribution of molecular size and mo·
lecular weight on the observed viscosity could be seen
qualitatively from the variation of ~, with concentration of
added ssphaltene fraction in pure benzene as solvent, as shown
in Figure 2, curves I, 3, and 4. It should be noted that at a
given temperature and concentration, '1, varies linearly with
the molecular weight of the added fraction (Figure 2, curves
1,3, and 4 refer to asphaltene fractions of molecular weight
430,620, and 680, respectively). At a given concentration, for
a given frsction (AA or BA), the value of ~, in benzene as
solvent is smaller than that for the same fraction in benzene
containing HO as solvent. Furthermore, in the presence of
HO and at a given concentration of asphaltene, the increase
in ~, for BA is larger than that observed for AA. Since solvent
benzene is less polar than benzene containing HO, and since
nitrogen and oxygen are largely present (2) as basic ring
nitrogen and ring or ether oxygen in BA and as acidic nitrogen
and phenolic hydroxyl in AA, it is reasonable to assume that,
in addition to the molecular weight of the added asphaltene
fraction, part of the effect on viscosity is due to the functional
groups. The HO fraction contains phenolic or alcoholic
hydroxyl as well as acidic NH groups which serve as hydrogen
donors in intermolecular association. PMR analysis of the
silylated HO fractions from FB53-59 and FB57-42 shows,
respectively, 83% and 80% of the oxygen present is in the
form of phenolic and/or alcoholic hydroxyl. The contribution
involving pyrrol type imino groups as hydrogen donors,
however, is negligible since the pK, of phenol and pyreol in
aqueous solution at 293 K are 9.89 and -15, respectively.
Furthermore, A, AA, and BA having phenolic groups can
likewise act as proton donors to HO in these systems. It must
be mentioned that contrary to the thin-layer chromatographic
(TLC) analyses of Sternberg et al. (2), the infrared spectrum
(20,21) of the base component (BA) of coal-derived asphaltene
shows distinct absorption for free phenolic and/or alcoholic
OH and NH at 3600 em-I and 3480 cm- I , respectively.

In order to obtain stronger evidence and substentiate
further the hydrogen bonding nature of interaction, a cal­
orimetric method was used to determine simultaneously the

-, ...

, 4
HO(mmol)

FIg...o 3. Plots 01 tiffl(rrrnoI 01 aspha~ene) vs. heavy 01 (rrrnoI) ad:led.
Points are experimental; solid lines are calculated from Equation 1, usilg
the values of K and tlHo listed in Table J(

molar enthalpy, /lHo, and equilibrium constant, K, for the
interactions of A, AA, and BA with HO in benzene. The
apillicability of the calorimetric method and reliability cf the
assumed 1:1 complexation, can be seen from the excellent
agreement, Figure 3, of the observed heat values with those
calculated from Equation I. The values for the thermody­
namic constants are summarized in Table II.

It is interesting to note that the computed K values, within
experimental error, are the same while the molar enthalpy of
interaction, AHo, increases markedly with the increase in
molecular weight, nitrogen content, and decrease in oxygen
content of the asphaltene fraction, in the order AA < A < BA,
and shows a direct correlation with the viscosity results shown
in Figure 2. It must be realized that coal liquid fractions are
complex mixtures of substituted heterocyclic aromatics. The
interaction of HO with asphaltene (A, AA, BA) in solution
can be viewed as a system involving varying degrees of hy­
drogen-bonding and other types of rapidly reversible inter­
molecular interactions. The observed values of K and /lHo,
therefore, correspond to the total interaction involving these
equilibria.

To evaluate qualitatively, the hydrogen-bonding contri·
bution in the observed /lHo, asphaltene (A, AA, BA) and HO
fractions isolated from FB53-59 were examined by high
resolution proton magnetic resonance at 220 MHz in CS,
solutions. The proton distribution and structural parameters
such as aromaticity, t.. the degree of substitution on aromatic
rings, n, the average length of alkyl substituents on the rings,
(Ho/H.) + 1, and hydrogen/carbon ratio for the hypothetical
unsubstituted aromatic nuclei, H.u/C., using Brown and
Ladner (22) equations, are given in Table III. Both AA and
HO fractions show a larger fraction of the hydrogens bound
to aliphatic carbons, f3 or further from the aromatic rings, H..
A and BA show larger aromaticities, larger percent of aromatic
hydrogens and smaller aliphatic branches as compared to AA
and HO fractions. It is interesting to note that both A and
BA, within experimental error, show the same structural
parameters and an even distribution of hydrogen bound to
aromatic, benzylic, and aliphatic carbons. This is in agreement

0.70
0.70
0.71
0.93

(H,I
Ha ) + 1

1.95
3.25
2.07
2.39

0.40
0.39
0.38
0.43

f.
0.70
0.62
0.69
0.54

aliphatic"
H,

32.9
51.6
34.7
44.3

Proton Diatribution and Structural Parameten of Aophaltene and Heavy Oil Fractiolll Isolated from FB53.59

area percent, PMR Spectra

aromatic benzylicO
H. HQ

32.6 34.5
25.6 22.9
32.9 32.4
23.8 31.9

A
AA
BA
HO

fraction

TablellL

• Separation point between H" and H. chosen at 1.94 ppm.
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Figure 4. Chemical shift changes (at 60 MHz) of the ~roton-OH

resonance of o-phenylphenol (0.2 M) as a function of asphattene
concentration In CS, solution. Added asphaltene: {11 A. (21 AA. (3)
BA. (4) A(TMS). and (51 AA(TMSI.

with the nearly constant C/H ratio for the two fractions (Tahle
Il. It could be inferred, therefore, that the contribution of
the 1l"-bonding form of associations to the observed ti.Ho values
of HO interaction with A and with BA, to a large extent, would
be the same. The observed large increase of ~o value, in
the order AA < A < BA, therefore, is due to the varying degree
of hydrogen-bonding basicity of these fractions. In systems
involving coal liquid fractions, the dominance of hydrogen­
bonding effects, largely involving phenolic H as hydrogen
donors, over other types of molecular interaclions in solulion
is in line with our previous observations (7,8,21) on quinoline
(Qu) interaction with coal-derived asphaltenes (A, AA, BA)
and HO fractions in solvent benzene. It was observed that
for a given system, Qu + asphaltene (A, AA, BAl and Qu +
HO, the values of K, within experimental error, were the same
while ll/io of interaction increased linearly with the increase
in the phenolic oxygen content of the coal liquid fraction.

As shown in Figure 4, addit:onal support for the presence
of the hydrogen-bonding interaction, involving phenolic
hydroxyl protons, can be obtained from the PMR downfield
chemical shift (0) of phenolic OH signal of OPP, a model
chosen for phenolic OH in HO, as a function of added as­
phaltene (A, AA, BA) concentration in solvellt CS,. OPP was
chosen as the model because it is 0 moderotely hindered
phenol ond any self-association (23) at the concentrotion (0.2
M) studied can be neglected. Although the chemicol shift of
a proton resonance is the sum of contributions from several
foctors (24), however, it is interesting to note that the observed
shift of the OPP-OH signal ot a given asphaltene (A, AA, BA)
concentration is fairly large, downfield in the order BA > A
> AA ond correlotes well with the viscosity and calorimetric
results reported earlier. The extent of the observed OPP-OH
downfield shift with asphaltene (A, AA, BAl concentration,
therefore, represents a qualitative measure of the relative
hydrogen-bonding basicity of the asphaltene fraction. The
chemical nature of the hydrogen-bonding bases in asphaltenes,
containing heteroatoms, is probably multifunctional so that
any conclusions drawn from the present work would be merely
speculative. However, since nitrogen in BA is largely present
as free basic ring nitrogen as in pyridine and the aromaticity
of BA is the same as that of A (Table III), the calorimetric
and OPP-OH chemical shift results indicate that nitrogen is

ANALYTICAL CHEMISTRY. VOL. 51, NO.2. FEBRUARY 1979. 185

largely responsible for the high hydrogen-bonding basicity of
BA fract.ion. The ncar absence of OH--rr interactions in
systems involving ortho substituted hindered phenols and
pyridine is well recognized (25). Furthermore, addition of
silylated asphaltene, A (TMS), into 0.2 M OPP in C5" Figure
4, moves the OPP-OH signal considerably downfield compared
to that observed for A addition. This is expected since the
acid-base structure (2) of A involves hydrogen bonding be­
tween acidic phenols and basic ring nitrogens. Removal of
phenolic hydrogens on silylation would leave an appreciable
amount of basic ring nitrogens available for association with
OPP-OH protons. On the other hand, oxygen is probably
responsible for the hydrogen-bonding basicity of the AA
fraction, since AA contains no basic nitrogens and addition
of AA (TMS) shows no significant difference on the OPP·OH
chemical shift compared to that observed as a function of AA
concentration.

The above qualitntive correlation of viscosity, calorimetric,
and PMR results, therefore, suggests that in coal-liquids,
asphaltcne and pentane·soluble heavy oil fractions are as­
sociated intermolecularly through hydrogen-bonding involving
largely phenolic hydrogens as proton-donors. The hydrogen
bonding is. in part, responsible for the increase of viscosity
of the product oil.
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Determination of Tetraalkyllead Compounds in Water,
Sediment, and Fish Samples

Y. K. Chau,· P. T. S, Wong, G. A. Senger!, and O. Kramar

CBnsdo Centre lor Inlend Walers, Burlinglon, Onlario L7R 4A6. Canado

A 8lmple and rapid extraction procedure to extract five tet­
rulkyllead compounds (Me,Pb, Me.E'Pb, Me,Et,Pb, MeEt.Pb,
and Et,Pb) Irom water, sediment, and fish samples Is de·
• crlbed. The extracted compounds are analyzed In their
aulhentlc lorms by a gas chromatographic-atomic adsorpflon
apeetrometry sy.tem. other lorms 01 Inorganic and organic
lead do nollnterlere. The detection IImllslor water (200 ml),
Iadlment (5 g), and Iish (2 g) are 0.50 I'g/l, 0.01 I'glg, and
0.025 I'glg, reapecllvely. The methods were developed to
Inve.tlgate the occurrence 01 these compounds In environ­
mental samples. Experiments have established that tetra­
methyllead can be accumulated by fish and remains In Its
authentic lorm lor some time.

Organolead compounds are generally more toxic than in­
organic lead compounds (/) and the loxicity of the alkylated
lead compounds varies with the degree of alkylation, with
tetraalkyllead heing the most toxic (2). Recently several
research laboratories (3-6) have reported the biological
methylation of inorganic and organic lead compounds in the
aquatic environment by microorganisms. Subsequently,
methods are being developed to detect the occurrence of these
compounds in water, sediment, and biological samples.
Tetraalkyllead in fish samples has been determined hy solvent
extraction, followed hy digestion of the extract and atomic
absorption measurement of the total lead (7). The procedure
is base<) primarily on the assumption that only tetraalkyllead
compounds are extracted from fish tissues. It suffers from
the interferences of other organolead compounds co-extracted
in the solvent, and the lack of specific differentiation of the
alkyl groups. Another procedure (8) employs vaCllum ex­
traction of the tetraalkyllead into a cold trap under liquid
nitrogen, followed by solvent extraction of the condensate for
gas chromatographic determination. In hoth methods, tet­
raalkyllead compounds have heen found in fish and mussels.
Fairly high concentration of tetraethyllead (30 ppm) was
detected in mussels collected at a buoy near the 5.5. Cavtat
incident where a shipload of tetraethyllead was sunk (9) in
the Adriatic Sea. High organolead concentrations, mainly of
tetraethyllead, were also found in mussels in other parts of
Italian seas. The presence of tetraethyllead in aquatic or­
ganisms may indicate that the alkyllead compounds are not
immediately metabolized by living organisms and may remain
in their authentic forms in the living tissues for a long time
(8). The occurrence of tetraalkyllead compounds in aquatic
biota is highly significant because of the possibility of their
incorporation into tbe food chain.

The present study describes techniques for separation and
speciation in the determination of tetraalkyllead compounds
in water, sediment, and fish samples.

EXPERIMENTAL

The gas chromatograph-atomic absorption spectrophotometer
(GC·AAS) system reported elsewhere (/0) and specific for the
analysis of tetraalkyllead compounds was used without the sample
trap. The extract was injected directly into the column injection

porl of the chromatograph. Instrumental parameters were
identical OR previously described. A Perkin·Elmer Electrodeless
Discharge Lead Lamp was used; peak areas were integrated with
an Auto!ab-Minigrator (Spectra-Physics, Calif.).

Tet.ramethyllead,80% in toluene, and tetraethyllead, 99%, were
obtained from Alfa Chemicals (Beverly, Mass.). The mixed lead
alkyls, Me,EtPb, Me,EI,Pb, MeEt"Pb. were provided by the Ethyl
Corporation, Ferndale, Mich. The purity of these compounds
was assessed by gal) chromat.ography and standardization was done
by atomic absorption determination of the lead content as de·
scribed in a previous study (I 1). High purity hexane was used
for all extract.ions. EDTA 0.1 M was prepared by dissolving 37
g Na,EDTA·2H,O in 1 L of distilled water.

Procedures. Water Analysis. Place 200 mL of lake water
and 5 mL of hexane in a 250-mL separatory funnel. Shake
rigorously for :lO min in a reciprocating shaker. Let stand for about
20 min for phase separation. Drain off approximately 195 mL
of the water and transfer the remaining mixture into a 25-mL
t.ube with a Tenon·lined cap. Without separating the phases,
inject a suitable aliquot, 5-IO"L of the hexane, to the GC-AAS
system.
. Sediment Analysis. Place 51{ of wet sediment, 5 mL of EDTA

reagent, and 5 mL of hexane in a 25-mL test tube with a Tef­
lon-lined screw cap. Shake rigorously in a reciprocating shaker
for 2 h. Cenlrifuge the sample for 10 min at 2000 x g. Inject
a suitable aliquot., 5-10 pL, of the hexane extract to the GC-AAS
system.

Fish Analysis. Homogenize fish tissue in a Hobart. grinder and
a Polytron homogenizer. Place 2 g: of the fish homogenated with
5 mL of EDTA reagent and 5 mIj of hexane in a 25·mL test tube
with a Teflon-lined screw cap. Shake rigorously for 2 h in a
reciprocating shaker. Centrifuge to facilitate phase separation.
Carefully withdraw a suitable aliquot. 5-10 "L, of the hexane phase
and inject to the GC-AAS system.

Calibration. Add a knO\\', amount of standard tetramethyllead,
5 pg, to the hexane layer after injection of the sample. Mix gently,
centrifuge again if necessar:\o'. Inject into the instrument the same
volume as used in sample analysis. The increase in peak urea due
to the standard added is used to calculate the amount of tet·
raalkyllend in the sample. It is not necessary to separate the
phases or to know the volume of hexane after extraction.

The calibration curves for each of the five tetraolkyllead
compounds expressed os Pb were identical and linear up to nt
least 200 ng above which overlapping of peaks occurred. If only
one compound was present (e.g., tetramethyllead), the curve was
linenr up to at least 2000 ng.

RESULTS AND DISCUSSION
Extraction of Tetraalkyllead Compounds. As the

authenticity of the compounds to he analyzed must be
preserved, any of the digestion methods with acids or alkalis
arc not suitable. Solvent extraction seems to be the method
of choice for removing these compounds from samples.
Benzene has been used to extract tetramethyllead and tet­
raethyllead from fish homogenates suspended in aqueous
EDTA solution (7). Quantitative recoveries for both com­
pounds were reported. Ionic forms of lead such as Pb(Il),
diethyllead dichloride, and trimethyllead acetate were not
extracted in the benzene phase. However, the possibility of
extraction of other non-ionic forms of organolead into the
benzene phase was not extensively investigated by these
workers. Their method, therefore, determines any lead
compounds that distribute into the benzene phase as tet·
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a Fish homo~enate 2 g: EDTA I 5 mL;solvcnt, 5 mL.

Table I. Extraction of Tetraalkyllead Compound. from
Fish Tiaaue by Different Solvents"

rnalkyllead. It has been found in this laboratory that there
are other forms of organolead compounds extracted into the
organic phase but they were not volatile enough to be analyzed
by the GC-AAS techniques. A speciation-specific detection
system is therefore necessary for the analysis of tetrnalkyllead
compounds.

Experiments were carried out to investigate the optimum
solvent system for extraction. Fish homogenate, 2 g, spiked
with approximately 10 pg each of the five tetraalkyllead
compounds, Me,Pb, Me,EtPb, Me2E~,Pb,MeEt,Pb, Et,Pb,
was suspended in 5 mL of EDTA reagent and extracted with
5 mL of each of the following solvents: hexane, cyc!ohexane,
octanol, butyl acetate, methylisobutyl ketone, chloroform, or
benzene. Hexane, benzene, and oclanol gave the most sat­
isfactory recovery of the tetraalkyllead compounds (Table I).
There were only traces of tetraalkyllcarl compounds recovered
in a second extraction which did not contribute significantly
to the overall recovery. Such practice was therefore not
considered necessary. Hexane was considered more suitable
for extraction and for gas chromatographic analysis because
of its relative insolubility, lower boiling point, and lower
viscosity. Benzene produced an emulsified layer between the
phases which may affect the distribution of the lead com­
pounds in the organic extract. The resultant extract of octanol
was too viscous to be suitable for gas chromatographic in­
jection.

The use of tetramethylammonium hydroxide (12) to dis·
solve fish tissue prior to solvent extraction was also inves­
tigated. It was found that the resultant solution was a thick
gel and the organic layer after extraction became very viscous.
Its use was not investigated further.

The use of EDTA in the extraction served to disperse the
sediment and fish homogenate in a suspension to provide
better extraction and to produce a clarified organic phase and
cleaner boundary between the aqueous and organic phases.
It has no effect on the recovery of the tetraalkyllead com­
pounds.

Calibration of the Method. When an extraction pro·
cedure is used to remove certain compounds from 8 sample,
the solvent after extraction must either be separated and
adjusted to its original volume, or its volume must be known
in order to calculate the quantity of the analytes contained
in the original sample. Unfortunately, in spite of the reJative
insolubility of hexane, the volume after extraction still varies

solvent

hexane
cyclohexanc
oetanol
butyl acetate
methylisobutyl ketone
chloroform
benzene

averaged recovery. %

80.0
54.0
90.0
55.0
30.0
57.0
78.0
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and depends on the components in the sample. In addition,
with biological samples, quantitative phase separation after
extraction often presents difficulties. In the method presented
here, phase separation after extraction is avoided through uae
of the standard addition method_ After injection of an aliquot
of the extract, a known amount of a standard (volume less
than 50 pL) is added to the hexane phase. The same aliquot
of extract is withdrawn for analysis. The increase in peak area
represents the amount of standard in the extract and is used
to calculate the total quantity of the analyte in the original
sample not requiring knowing the volume of the extract.

Recovery of Tetraalkyllead Compounds from Envi­
ronmental Samples. The recoveries of the a1kyllead
compounds from lake water. sediment, and fish samples were
evaluated hy adding a mixture of five tetraalkyJlead com­
pounds to respectively 200 mL of lake water, 5 g of sediment,
and 2 g of fish homogenate. The spiked samples were
equilibrated for approximately 1 h and processed as described
in the procedures.

The recoveries of five tetraalkyllead compounds added to
environmental samples are summarized in Table II. For
water, the recoveries averaged about 89%. Addition of 5 g
of sodium chloride to the water sample for "salting out" effect
did not improve recovery to any significant extent. Sediment
is a much more complex matrix and the recoveries of the five
compounds ranged 81-85% at the concentration level of 2-3
ppm. The sediment used in this experiment was taken from
Hamilton Harbor, Ontario, and was fine and silty, and high
in organic matter. It is not known whether the loss of spiked
compounds is due to adsorption or interactions with some
components of the sediment.

There are several limitations in the evaluation of recovery
of lead alkyls from fish tissues. It is difficult to assure that
the spiked compounds are completely incorporated into the
fish tissues. Another difficulty arises from the nonhomo­
geneous distribution of lipid and protein in different organs
and tissues which exhibit variation in solubilization of the lead
alkyl compounds. For accurate calculations of the concen­
tration of these compounds in fish, assessment of extraction
efficiency from a batch of similar samples should be made by
adding a known amount of a standard w a separate aliquot
of fish sample and analYLing in parallel with the other samples.

The recovery of the five alkylated lead from fish tissue
averaged 74%. The reproducibility of the procedure was
evaluated hy analyzing 11 replicates of a fish homogenate, 1
g, each spiked with 5 pg of tetramethyllead. The coefficient
of variation was 7.3%.

The detection limits based on the given procedures are 0.50
pg/L, 0.01 pg/g and 0.025 pg/g, respectively, for water,
sediment, and fish.

Treatment and Storage of Samples. Tetraalkyllead
compounds have high vapor pressures and are not stable in
water. It is observed that water containing 4.2 pg/L Me,Pb
decreased to 2.8 and 3.9 pg/L when stored respectively at room
temperature and at 4 °C overnight. For this reason, water
samples should not be filtered by suction but should be
extracted with hexane immediately after collection. It was

Table 11. Recovery of Tetraalkyllead Compounds from Waler, Sediment and Fish Samples"

water sediment

compound added, pi found, /olg recovery, % found, /olg recovery, %

Me.Pb 10.00 8.78 87.8 ~ 3 8.27 82.7 ~ 9
Me,EtPb 13.15 11.80 89. 7 ~ 4 10.65 81.0. 5
Me~Et~Pb 14.30 12.50 87.4 ~ 3 11.68 81.0 • 7
MeEt,Pb 10.15 9.08 89.5. 4 8.32 82.0. 2
Et.Pb 14.20 12.82 90.3. 7 12.09 85.2. 6

average 88.9. 7 83.7 ~ 9

a Four determinations Cor each sample.

found, /olg

7.22
9.15

10.26
7.22

10.69

fish

recovery, %

72.2. 8
72.3 • 5
76.2. 5
75.2. 9
75.3. 8
74_2. 9



188. ANALYTICAL CHEMISTRY, VOL. 51, NO.2. FEBRUARY 1979

Table 111. Accumulation of Telramethyllead
in Rainbow Trout

conen of
Me.Pb in
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5 mL of EDTA and 5 mL hexane for 5 min in a 25-mL
stoppered tube. The t.rented samples can be stored for at least
up to one week for further analysis.

Fish samples should be frozen immediately after collection.
Extraction should be carried out immediately after homo­
genization.

Environmental Samples. Experiments were carried out
to establish that t.etramethyllead can be taken up by fish and
can be recovered with hexane in its authentic form. Rainbow
lrout after exposure to water containing 3.5 pg/L Me,Pb for
different periods of time were found to contain tetra­
methyllead, sec Table III. Preliminary results show that this
compound was mainly concentrated in the lipid layer of the
tissues.

Many environmental samples, including water, sediment,
llnd fish from high lead areas, have been examined for the
presence of tetraalkyllead compounds. Of some 50 fish
samples anal),'"lCd, unly one sample (Gnnnraskn River, Ontario)
so far was found to contain detectable amounts (0.26 pg/g)
of Me,Pb in the fillet. Sine.. there is no known tetraalkyllead
industry and tetramethyllead is not used in gasoline in this
area, the source of Me,Pb is not yet known. The possibility
that Me.. Pb comes from in-vivo lead methylation in the
sediment or in the fish cannot he totally disrcKarded. Analysis
of more environmental samples for the occurrence of these
compounds is now wldenvay. Figure 1 illustrates the recording
tracings of the tetraalkyllead compounds analyzed by the
GC-AAS system operated accord inK to the parameters de­
scrihed in a previous study (/0).

R~uJvm for review September 25, 1978. Accepted November
9,1978.
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water
fish. aver- fish, conen

wt. of alive or aged, IJg/g fac-
fish, Sf dead PilL wet wt. torsO

0.1211 dead 3.46 0.43 124
0.3661 dead 1.08 312
0.7982 dead 2.00 578
0.4116 dead 1.32 382
0.6300 dead 2.09 604
1.3045 alive 2.94 850
1.5466 alive 3.23 934
0.8100 alive 2.25 650
0.4926 alive 1.73 500

G Concentration factor =Concentration of Me,Pb in fish!
concentration of Me,Pb in water.

Figure 1, Recorder tracings 01 rIVe tetraalkyllead compounds analyzed
by the GC~AAS system. Each peak represents approximately 5 n9
of the COI'f'4lOUnd axpressed as Pb. (1) Me,Pb. (2) MeEt,Pb. (3) Me,Et,Pb.
(4) Me,EtPb, (5) Et,Pb

found convenient to add 5-mL hexane to the water sample
(200 mLl and to shake the mixture briefly for 5 min. The
sample can then be stored for at least up to one week for
further process in the laboratory.

Similar practice lS recommended for sediment samples.
After collection, the sediment is weighed (5 g) and shaken with
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Parametric Neutron Activation Analysis of Samples Generating
Complex "(-ray Spectra

P. F. Schmidt·

Bell Telephone Laboretorles. Incorporated, Allentown. Pennsylvania 18103

J. E. Riley, Jr.

Bell Telephone Laboratories, Incorporated. Murray Hill, New Jersey

D. J. McMillan

Northern-Tracor, Inc.• Middleton, Wisconsin

The accuracy of multielement quantitative determinations by
parametric neutron activation analysis using Fe-Ru flux
monllors Is compared wllh that obtained by relative mea­
surements uslng Standard Reference Materials (SRMs) trom
NBS. Agreement Is good. Isotopes with a large ratio of
resonance Integraillhermal cross section require empirical
correction factors. Deviation of the resonance flux In the
reactor reflectors from a 1/E distribution appears responslble
for at least part of the necessary corrections. The correction
factors were round Invariant from reactor to reactor. Mo­
lybdenum and certain rare earths can be determined by
parametric counting In the presence of comparable amounts
of uranium; Interference by fission products Is eliminated by
calculations Including the fission yields.

Previous State of the Art. Conventional neutron acti­
vation analysis (NAA) uses relative measurements, Le.,
standards for each element to be determined. These should
be co-irradiated with the unknown sample. and later be
measured in the same geometry as the unknown sample, and
should have not too different count rates for the individual
isotopes to be determined. This implies extensive work on
the preparation of the standards before and after irradiation
in order to achieve comparable activities in identical geom·
etries for a multiplicity of isotopes.

Parametric counting avoids most of the work on standards.
The concentrations of the various isotopes present are derived
from the photopeak areas via the use of the pertinent nuclear
constants, employing an equation which also contains the
intensities of the thermal and resonance fluxes (or the fast
flux for (n,p) reactions) ill the reactor at the time and location
of the irradiation. Light elements are mostly activated by the
thermal flux, but many of the heavier elements have large
cross sections for resonance activation. Parametric counting
is thus critically dependent on the accuracy of the nuclear
constants and on the accuracy of flux determination. The
fluxes are measured by including monitors (such as iron and
ruthenium) in the irradiation.

The nuclear constants for most isotopes have now been
established with fair to very good accuracy. Except for some
elements, such as gold or cobalt, the accuracy to be expected
from parametric counting is still not quite as good as can be
obtained from relative measurements. However, the speed
and ease of the method make it very attractive in any kind
of survey work involving a large number of samples. Thus
the main obstacle to applying parametric counting consisted
in rmding a convenient and reliable method for measuring the

thermal, resonance, and fast fluxes at the location and time
of irradiation. The flux in a reactor is not constant but
depends on the power level, motion of control rods, and tbe
locations and age of fuel clements.

An accepted way of determining the thermal and resonance
fluxes consists in making cadmium-difference and cadmi..
urn-ratio measurements on very dilute gold alloys. A bare
sample is activated by both the thermal and the resonance
fluxes. a cadmium-shielded sample only by the latter. The
method, however, has its difficulties (possible non-uniformity
of the gold alloy, possible leakage of thermal neutrons through
cracks in the cadmium, absorption of epithermal neutrons in
the cadmium, flux depression in the vicinity of the cadmium
capsule). The very fact that parametric counting has so far
not enjoyed any popularity in spite of its obvious conveniences
testifies to the practical difficulties encountered with flux
determinations via cadmiwn measurements on gold, especially
for users without direct access to a research reactor.

In a reccnt publication (1) we described a convenient new
method of determining the resonance-to-thermal flux ratio,
F, in a nuclear reactor by co-irradiation of Fe·Ru monitors.
The advantages of using the activities of three isotopes of the
same element, Ru, for the calculation of the epithermal flux,
as compared to any method using isotopes of different ele­
ments, were outlined in Reference 1. This flux determination,
together with precise photopeak area and detector efficiency
determinations. enabled us to apply parametric counting
successfully to instrumental (Le., nondestructive) NAA of trace
clements in silicon and other high purity materials with
relatively simple 'l'-ray spectra. While the accuracy of these
determinations was adequate for the purpose at hand; a
rigorous determination of the accuracy achieved by mea­
surements on SRMs had not yet been carried out.

Originat Purpose of This Work. Tbe purpose of the
present investigation was to apply the parametric counting
approach to the analysis of samples yielding complex 'l'-ray
spectra after irradiation, as well as to compare the concen­
trations calculated in this manner to those obtained by relative
measurements. The "Trace Elements in Gelatin" Reference
Materials, recently fabricated and described by Kodak (2, 3)
are rather ideal for this purpose, since each of the three
gelatins, TEG A, B, and C, contains up to 25 elements at the
nominal oo.ppm level and the 'l'-ray spectra are not dominated
by anyone element, because of a fortuitous choice of the
components. We participated in the cooperative effort ini­
tiated by Kodak to characterize these Reference Materials,
and the results are reported here. By making relative
measurements with SRMs, and using parametric counting on
aliquots of the same sample, an excellent opportunity was
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afforded 00 evaluate the eccuracy achievable with parametric
counting while also evaluating its performance in analyzing
extremely complicated 'Y-ray spectra.

A wide array of analytical techniques (2, 3) by researchers
both in the United States and abroad was employed in the
characterization of the "Trace Elements in Gelatin" coor­
dinated by Kodak. In general, good agreement resulted with
the nominal concentrations expected from the method of
fabrication-gelling from aqueous solutions doped with
measured amounts of impurities. However, the uncertaint.y
of the values obtained by many different techniques at many
different laboraOOries resulted in relative standard deviations
which are decidedly too large for many applications. Our own
work on the TEG materials was limited to one technique,
NAA, and the relative measurements with SRMs covered only
a fraction of the elements contained in the TEGs, but for the
elements covered we were able 00 obtain significantly smaller
relative standard deviations.

During the course of this work it was noticed that the
concentrations obtai,ned by parametric counting were con­
sistently too low for both isotopes of antimony, provided that
the antimony concentrations in the TEG-5O samples were as
stated by Kodak. Silver, arsenic, molybdenum, and uranium
appeared to follow the same pattern, but in the case of Ag and
AI; we deemed our determinations somewhat uncertain be­
cause of interferences, uranium was contained in only one
sample (TEG-50AJ, and the nuclear constants for molyb·
denum are not very well established as yelo

As a first step toward resolving this question, we irradiated
the NBS SRM 364, having a certified antimony content,
oogether with Fe-Ru monitors at the University of Missouri
light water reacOOr and evaluated the antimony concentration
both by relative measurements and by parametric counting
using the Fe-Ru nux data. Parametric counting yielded
antimony concentrations too low by the same faclor 8S seen
in the TEG samples. Setting the concentration of each
certified element in SRM 364 = 100%, the follnwing per­
centages were found: ""Fe: 99.17 ± 2.7%; "'Co: 95.17 ± 2.7%;
"Cr: 106.14 ± 2.3%; "Zn: 115.54 ± (?)%; "'Sb: 53.15 ±
0.2%; I2'Sb: 53.33 ± 0.1 %. Clearly, an uncertainty in the true
antimony concentrations in the TEG samples cannot he
blamed for the anomalous antimony results.

Since each of the isotopes showing this anomalous behavior:
I2ISb and .23Sb, "As, '''Ag, and 2:IIlU, has a large ratio /l of
resonance integral/thermal cross section, it seemed logical to
assume that the ruthenium monitor indicated an artificially
large resonance nux, thus leading to artificially low isotnpic
concentrations.

In order 00 clarify this question, a double-pronged approach
was chosen. On the one hand, milligram quantities of the
metallic elements were co-irradiated with Fe-Ru monitors in
the highly thermal nux at Georgia Institute uf Technology;
on the other, cadmium-ratio and -difference measurements
on well characterized AI(Au) nux wires at the University of
Missouri light water reactor were combined with nux de­
terminations by the Fe-Ru monitors in the same irradiation.
The resultant two sets of nux data were used for concentration
calculations of co· irradiated Reference Materials. The
measurements at Georgia Institute of Technology would be
little affected by uncertainties in the magnitude of the res­
onance integrals because of the low resonance nux; the
measurements at the University of Missouri would show up
errors in the magnitude of the resonance nux calculated from
the ruthenium data. Both sets of measurements provided
interesting results.

Other Investigations. A well known type of interference
in NAA comes about when fISSionable isooopes like 23.1U are
present: the fISSion fragments add 00 the concentration of

some other radioactive speCies stemming from (n,'Y) reactions.
We found a simple way 00 overcome this problem by means
of parametric counting.

Finally, the natural abundance of '"Fe was not known
accurately before, since it is very low. Co-irradiation of a
natural iron foil with a Fe,03 sample highly enriched in '"Fe
offered a simple and very accurate way to determine the
natural abundance of '"Fe. This method is, of course, ap­
plicable to any isotope that becomes radioactive upon neutron
capture and is obtainable in enriched form. The '"Fe results
are described in an accompanying Aid in this Journal (4).

EXPERIMENTAL
The spectrometry system employed at Allentown has been

described before (J J. The system at Bell Labs, Murray Hill,
consisted of a Tennecomp TP-5000 pulse height analYling system,
a Northern Scientific (Model 623), loo-MHz ADC, and a 60 cm3
coaxial lithium drifted germanium detector. Detector efficiency
as a function of energy was established by means of a certified
multiple isotopes point source from the National Bureau of
Standards, the same source as used at Allentown for this purpose.

The counting system at University of \Visconsin (Uo\V)
consisted of 8 computer-based Tracor·Northern TN-ll multi·
chRnnelanalyzer, a Canberra model 2010 spectroscopic amplifier,
and a 30 cm3 lithium-drifted germanium detector. An automatic
pneumatic tube-sample changer controlled by the TN-Il is also
incorporated into the system, so that samples may be counted
with the facility unattended. Detector efficiency was measured
over the range 122 to 1407 keV by means of 8 calibrated IS2Eu
source, and extended to 2754 keV by measurements on the 2"Na
photopcaks.

Irradiation Conditions and Counting Procedures for the
'rEG Samples. These varied at the three locations depending
on the delivery time from the reactor and on the method of
investigation. At the Uni\tersity of \Visconsin, samples could be
measured immediately aHer irradiation, and n .short irradiation
of 60 S, foUowed by 300-s acquisition was used for the short-lived
isotopes ("'AI, "V, OO(;u). In addition. a 15-min irradislion followed
by decay times of one and of three da}~ for the longer-lived isotope
was used. All samples were counted as solids at a distance of 5
cm from the detector, except for the longest decay time when they
were counted at contact.

Bell Labs, Murray Hill, is too for from a reactor to measure
very short Ii\'ed isotopes but close enough to mcasure isotopes
Iikc SliMn or &4Cu with time to SpIlIC. All samples were dissol\'cd
and counted at a distance of 15 cm from the detector in a rigidly
fixed geometry. Aliquots of the solutions were transported to
Allentown where they were counted at a distance of 4.6 em from
the detector, also in a rigidly fixed geometry. Allentown is too
far from any reactor for reliable measurements even on 56Mn or
6tCu for the given level of activity generated. The maximum
duration of irradiation is set by the nature of the gelatin sample,
i.e., 20 min at a nux of about 8 X 1013 n cm-2 S-I (charring, pressure
buildup during irradiation). Both solid and liquid samples were
measured at Allentown, and a com'ersion factor for the different
geometry was determined for the samples counted as solids.

The same geometry that was used for counting TEG samples
afler dissolution WllS also used for measuring SRM 364 and 127B,
as well as the iron and gold monitors, and the Sb, As, Ag, Mo,
Ga. and Se samples discussed later. Ruthenium is exceedingly
difficult to dissolve, and it was counted only as a solid. However,
the method of determining the epithermal-to-thermal flux ratio
from the activity of the three ruthenium isotopes (97Ru, IOJRu,
I~H.U) does not depend on knowing the amount of ruthenium
present, so that an inaccurate geometry factor is unimportant for
the epithermal flux determination.

Evaluation of the spectra at Bell Labs, Murray Hill, was limited
to those isotopes also covered by co-irradiated SRMs, and these
measurements did not require counting times longer than 3 h.
Evaluation at Allentown comprised all isotopes detected, i.e., also
very long-lived species, and counting times up to 18 h were
employed. Both at Murray Hill and at Allentown, samples were
counted immediately after receipt and then again after about 2
and after about 10 days. SRMs co-irrRdiated with the TEG
samples were ;;85B (aluminum alloy), ;364 (high carbon steel),
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0.386
0.816
0.685
0.566
2.42
1.286
7.73

10.89
9.17

17.44
31.86
30.28

100.74

R = resonance
integral/thermal

crOSl section

47.52 ± 0.90

32.16 ± 4.5
58.94 ± 0.10
28.72 ± 1.4
28.38 ± 1.0

TEG 50B

55.44 ± 4.9
43.03 ± 1.6

290.75 ± 12.3
40.93 ± 0.50

42.71 ± 0.39
26.16 ± 0.28
35.4 ± 2.1
interfered
27.3 ± 0.13
28.9 ± 0.07
31.3 ± 0.35

TEG 50A

40.0 ± 0.18
31.89 ± 5.5

125.7 ± 1.8
51.5 ± 0.56
56.72 ± 1.8

45.81 ± 0.79

30.84 ± 2.9
62.20 ± 0.06
27.54 ± 0.36
28.20 ± 1.2

TEG 50B

48.52 ± 9.8
43.78 ± 4.4

302.50 ± 1.6
37.52 ± 0.77

41.81 ± 0.75
24.9 ± 0.33
32.0 ± 0.32
interfered
26.0 ± 1.2
29.2 ± 0.93
32.0 ± 0.03

TEG 50A

39.5 ± 1.7
31.79 ± 3.7

108.1 ± 0.68
48.2 ± 1.6
44.5 ± 3.5

irrad. position: D10 reflector, irradiation
at Georgia Tech, F ratio = 1.38%

Concentrations Obtained by Parametric Counting from Irradiations at Reactors with Different P Ratios

irrad. position: graphite reflector.
irradiation at University of Missouri

F ratio; 7.17%
isotope

'~'Hg

lOJHg
l<INaQ

'ICI
6SZn
"ueo
1~Ga

lIomAg
"50
"Asb

I22Sb
IHSb
mu
("'Np)
wMoc 41.6 ± 0.11 39.8 ± 3.1 35.86

a Probably nonuniform. b All photopeaks interfered. C Calculated by hand from the total wMo - "Mo due to nasion of
wU i see text.

Table I.

and 1571 (orchard leaves). The TEG samples were equilibrated
for 2 days in a controlled atmosphere clean room, 21 ± 1 DC,40
± 5% RH. before irradiation. as suggested by Kodak (2).

The nuclear constants used in the Absolute Counting calcu­
lations are listed in Table VII for all isotopes determined in this
manner.

Table II. Faetors by Whieh the Amoun1a of the Metallie
Elements, Irradiated in a Highly Thermal Flux of the
Graphite Reflector of the Georgia Tech Heavy Water
Reactor. Were Found Too Small When Using the Flux
Data of the Co-irradiated Fe-Ru Flux Monitora for
the CulculationO

RESULTS

Multiple Traee Element Determination by Absolute
Counting. Table I shows concentrations of impurities in TEG
50A and 50B as obtained by irradiation at the Georgia In­
stitute of Technology heavy water moderated reactor, and at
the University of Missouri (VoM) light water moderated
reactor. Because of the different moderators, the F ratio
(epithermal/thermal flux) is quite different at the two reactors.
This ratio is shown in Table I, next to the irradiation facility.
as determined by the Fe-Ru method. In spite of the large
difference in F ratio, the concentrations calculated for isotopes
with such different resonance integral/thermal cross section
ratios as 203Hg (= 0.816) and 23SV (; 100.74) are in good
agreement for irradiations at the two reactors. This strongly
suggests that the Fe-Ru method ought to be quite reliable.

Table II shows the factors by which the elemental con­
centrations for Sb. As. Ag, Mo, Ga. Se, and Au were found
too low in the irradiation of milligram quantities of these
elements at the Georgia Tech heavy water reactor (in the most
thermal location, at a flux of 5.7 X 10" n cm~2 S~I). These
factors turned out to be identical to those which would have
to be used to make the concentration of these elements. as
determined by parametric counting, coincide with the true
concentrations in the Kodak TEG or NBS SRM samples. In
calculating these factors, the small correction for self-shielding
of thermal neutrons has been taken into account according
to the equations given by Zweifel (5). Self-shielding of the
approximately 1.4% epithermal flux detected by the ru­
thenium monitor has not been taken into account. though this
would obviously decrease the magnitude of the correction.
This self·shielding of the small resonance flux was disregarded
because the ruthenium resonances occur at higher energies
than the large resonances of the other isotopes. If the dis­
crepancy is, in fact, due to the other isotopes not "seeing" the
resonance neutrons still present at the higher Ru resonance
levels, then it appears questionable whether auch a correction
should indeed be applied. Incidentally, calculations ahowed
that while such self-shielding would reduce the magnitude of
the discrepancy, it would certainly not eliminate it (except
for Au).

elements multiply by

antimony (lllSb or u'&Sb) 1.923
arsenic ("As) 1.652
gold ('~Au) 1.119
molybdenum ("Mo(Tc» 1.802
silver ( lIumAg) 1.535
gallium ("Ga) 1.300
selenium ("Se) 1.413

a The calculated concentrations of the isotopes
have to be multiplied by the factors indicated in order
to arrive at the correct concentrations. These correction
factors were found to be independent of the reactor
neutron spectrum in which the samples were irradiated.
see Tables I, JIl, IV, and V.

The correction factors determined for 122Sb and I2'Sb, ,sAs,
Il()mAg, 99Mo(Tc), "Ga, and ''Se have been used to correct the
concentratiolls of these isotopes in the following Tables Ill-V.

It is worth noting that cadmium measurements on Al(Au)
flux wires carried out in the same location at Georgia Tech
indicated an epithermal flux 2 orders of magnitude smailer
than derived from the ruthenium measurements (6).

The comparison between concentrations obtained by
parametric counting (at BTL Allentown and at VoW) and
those obtained by relative measurements using SRMs is given
in Tables III-V. Not all isotopes detected and determined
by parametric counting are listed; for a complete list of the
components of the TEG samples, the reader is referred to Refs.
(2.3).

The data in Tables II-V need some explanation. Access
to the VoW reactor enabled determination of very short·lived
isotopes such as "V and 28AI. but use of loaned equipment
limited the acquisition time and hence the determination of
very long lived isotopes with correspondingly low count rates.
The aituation at BTL Allentown was exactly the reverse of
that at VoW, while the evaluation of isotopes at Murray Hill
was limited by the number of SRMs that could be co-irra­
diated and co-evaluated with the TEG samples in the given
number of runs executed.

The meaning of the standard deviation is also different for
the relative measurements at BTL Murray Hill and for the
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Table m. Intercomparison of Concentrations Oblained for TEG 50A by Parametric Counting (a and b), and by Relative
Measurements Using NBS Slandard Reference Materials (c), to tbe Values Quoted by Kodak (Average of Several
Techniquca) (d)"

50.3 , 1.4
53.1,4.1
54.7, 2.4
54.7' 2.4

llCr
'~Zn

71GaC
lIomAgC
'USee

>OMn
~As

IUSbc
lHSbc

"Mo(Tc)C
'''U(Np)
11C> n1l n

(a) Allentown (PFS)

51.5 ± 6.0
56.7 ± 1.6
55.5, 1.4
40.15·
50.0 ± 0.8

interfered
53.36, 0.88
55.59, 0.93
55.44·
31.3·

(h) Univ. of
Wisconsin (DJM)

43.0, 8.0

58.6, 0.6
55.26' 9
56.5' 10
47.8 , 2
interfered
59.6' 0.5
74.4 : 1.3

45.3 ± 1.2

ratio of resonance
integral/thermal (c) comparison to

cross section NBS SRMs (JER)

0.566 (51)
2.42 48.6 , 2.3
7.73 47.4,0.5

10.89
9.17
1.28

17.44
31.86
30.28
35.86

100.74
13.45

(d) average of
several

techniques,
Kodak (2, 3)

56,9
53,4
57 , ?
46, 5
38, 5
52, 7
48: 8
53 , 4
53,4
55,7
49 t ?
51 , ?

(I Note: Samples of all three runs shown were irradiated in graphite reflector positions. b Single determination. C Cor­
rect.ion factors from 'rable II have be!.'n applied in the calculation.

Table IV. Intercomparison of Concentrations Obtained on TEG 50B by Parametric Counting (n and b), and by Relative
Measurements Using NBS Standard Reference Materials (e). to the Values Quoted by Kodak (d) (Average of
Several Techniques¥,

(d) average of
(b) Univ. or ratio of resonance several
Wisconsin integral/thermal (c) comparison to techniques,

(a) Allentown (PFS) (DJM) cross section NBS SRMs (JER) Kodak (2. 3)

"er 40.9, 0.5 51.3:t 8.5 0.566 49.9 : 3.0 49, 4
1I l Zn 2.42 49.9, 2.2 50, 5
14Na 290.8, 12.3 327,2 0.685 378 ± 13 328 ± 45
klMn 43.9, I 1.28 49.9, 1.5 50 ± 3
'¥1Hg 55.4 i 4.9 60.5, 9 0.386 56 ± 5
~"JHg 43.0: 1.6 42, 15 0.816 56'i 5
"Co 47.5, 0.9 52.4 ! 2.7 2.016 47.8, 4.9 50, 3
1SSeC 45.5 ~ 4.5 52.3 , 7.4 9.17 35, 9
'-Asb,c 97.3,0.1 99.1, 0.5 17.44 99.6 , 4.3 95, 10
IUSbc 55.2, 1.4 63.1: 0.5 31.86 53.4 , 5.2 50: 6
IHSbc 54.6, 1.0 61.5, 3.0 30.28 53.4, 5.2 50: 6
HAl ·19,11 0.662 54: 7

a Note: Samples of all three runs shown were irradiated in graphite reflector positions. b All 'hi As lines interfered, the
657·KeV line by the 657.7 line of lIU mAg, an unintended contllminunt in TEG50B. C Correction factors from Table II have
been applied in the calculation.

Table V. Intercomparison of Concentrations Obtained on 'rEG 50C by Parametric Counting (a and b), and by Relative
Measurements Using NBS Standard Reference Materials (c), to the Values Quoted by Kodak (d) (Average of
Several Techniques)'l

ratio of (d) average of
resonance several

(a) Allentown (b) Univ. of integral/thermal (c) comparison to techniques
(PFS) Wisconsin (DJM) cross section NBS SRMs (JER) Kodak (2, 3)

"Cr 40.0 ± 2.5 47 , 5 0.566 49.1 ± 2.1 49, 4
"K 49.0· 57 , 12 0.931 48.2, 1.4 64, 17
MRb 47.1 ± 0.5 82,20 1.046 50 : ?
lIumAgc 54.8 , 0.8 53. 7 ~ 3 10,89 60, 10
¥9Mo(Tc)C 52.8! 1.0 35.86 60 ± 10
llGuC 52.0 ± 0.8 49.0, 0.5 7.73 46.5, 1.0 51 , ?
HNa 89.5 ± 0.1 100 ± 1 0.685 116,1 120 , 34
"Mn 40,2 1.28 45.7: 1.2 48 ± 3
"V 64.5: 0.7 0.594 49, 3
~Cu 1.356 56.8, 2.3 49, 4
lI.mln 50.8, 1.1 13.45 49, ?

a Note: Samples of all three runs shown were irradiated in graphite reflector positions. b Single determination. C Cor'
rection factors from Table II have been applied in the calculation.

parametric counting measurements at BTL Allentown and
at the University of Wisconsin. The standard deviation has
its usual analytical meaning at BTL Murray Hill. At the two
other locations, it refers only to the counting statistics of a
single sample measured at three consecutive decay times. The
systematic errors inherent in the nuclear constants are not

included since these errors are largely UnknO\\11. If they were
included, the standard deviation for the parametric counting
would definitely become larger than shown in the lables.
There is, however, agreement between parametric counting
results at Allentown and at the University of Wisconsin, and
also between results for irradiations at Atlanta and at the
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a The University of Missouri light water reactor was used
for this run. Irradiation position: front row of the
~aphite renector.

As = 44.4 ppm; = 73.3 ppm
if empirical correction
factor is used.

As = 55.6 ppm;
As = "100" • ? ppm.

Co = 97.4 • 0.8% of NBS
value

Co = 88.4 • 0.8% of NBS
value

Sb = 2095 ppm; = 4029
ppm if empirical correc·
tion factor is used.

Sb = 3038 ppm;
Sb = 4300 ppm.

Olh~rmal:;: 6.215 X IOU n
cm·1s-l;oepl:;: 7.356 ~

0.004%
¢thermal; 7.733 X lou n

cm1s-I;¢epl= 2.742%

from Au·Au/Cd data

from Au·Au/Cd data

from Au·Au/Cd data
from SRM 12, B spc.

from Au·Au/Cd data
from SRM 12,B spec.

Conccntration of arsenic
in NBS SRM 127 B:
from Fe-Ru data

Concentration of cobalt in
NBS SRM 953 AI(Co)
nux wirc
from Fc-Ru data

Conccntration of antimony
in NBS SRM 127 B
from Fe-Ru data (both

I:JSb and n·Sb)

DISCUSSION

Tables Ill-V compare the concentrations in the three TEG
materials as obtained by parametric counting with those
obtained by relative measurements using SRMs, and with
those quoted by Kodak (2, 3). It must, of course, be re­
membered that the nuclear constants of the various isotopes
have not all been established with the same degree of accuracy.
Some uf the discrepancies in Tables Ill-V undoubtedly arise
from the use of incorrect nuclear constants. The large dis­
crepancy between the concentrations calculated for mercury

Table VI. Comparison of Fluxes and Concentrations
Obtained by the Fe-Ru Method with ThOle Obtained by
Cadmium Ratio and Cadmium Difference Measurementl
on Golda

Thermal and epithermal nux
from the Fe·Ru data

production of lll:IRu and 99Mo are known, we only needed to
convert, on a proportional basis, the number of I03Ru atoms
delected (at end of irradiation) into the number of"'Mo atoms
present at end of irradiation but due to fission. Subtraction
uf lhis number of "'Mo from the total number of "'Mo atoms
present then gives the number of9'JMo atoms due to activation
by the (n;1') reaction on "Mo, and hence the molybdenum
concentration in the sample. It should be noted that this
approach would still be valid in the presence of ruthenium
in the original sample. In this case one would use only the
fraclion of ,mHu in excess over the amount present in natural
ruthenium as determined by the concentration calculated from
"Hu and J"'Ru. The method cuuld also be applied to the
determination of certain rare earths which nre tikewise formed
with high yield as fission fragments of 235U.

As a check on our calculation, we calculated the amount
ur :l3."U which in the given reactor spectrum (as determined
with the Fe-Ru monitor) would have caused the observed
number uf "oRu atoms by flSSiun. The amount ofZl8{J present
was then obtained from the natural abundances of 235U and
""'u and <"mpared to lhe 239Np activity detected in the TEG
SOA sample. The two calculations checked within 26%, the
"oHu branch gi\;ng the higher value. This is probably as good
an agreement as can be expected for a calculation of this type,
given also the uncertainty in the abundance of 235U in the
actual sample.

University of Missouri. This indicates that the standard
deviations obtained for irradiation of several batches of the
same sample and evaluated by parametric counting would be
very similar to the ones shown here in the tables. As already
pointed out, the correction factors listed in Table II have been
used to correct the concentrations of 12"!Sb and 12<4Sb 7GAs
IIOmAg, "'Mu(Tc), "Ga, and ''Se. Nune of the uther da~ hav~
been corrected in any way.

Discrepancies between values obtained for sodium should
not be taken too seriously, in view of the ubiquitous nature
of the element and that it is not an intentionally added
impurity in the TEG samples but contained in the gelatin.
\\'e also had some indication tha"t a few other elements were
not completely uniformly distributed, but those deviations
were minor.

Comparative Flux Determinations. An irradiation run
was carried uut with the pneumatic tube facility at the
University of Missouri light ",'at.er reactor, in the same ir­
radiation position which had been used for the TEG samples
(the so-called ·'fronl-Tm...." position). A Fc-Ru monitor cOllple.
a bare Al (Au =0.12,%) nux wire, 15 mg uf NBS SHM 127B
and 51.60 mg of AI(Co =0.116%) SHM 953 were co-irradiated,
immediately followed by irradiation of another AI (Au =
0.12,%) nux wire under 20-mil cadmium shielding (length
uf the capsule 2.0 em, inner diameter 2 mm).

The concentration of gold in the AI (Au) flux wire was
determined both by atomic ahsorption spectrometry and by
relative n('utron activation measurements vs. II dilute gold
solution (volume 2 em:l

) of known concentration and using: the
most thermal flux available at the Georgia Tech heav)' water
reactor; hoth measurements agreed, giving the gold con­
centration = 0.12,%. SUM 12,h is a lead-lin based alloy
containing ~mall amounts of antimony. and very small
amuWll~ of arsenic. Unfortunately. it carries only n pcm·;sional
certification but still appeared as the most suitable SRM fur
the particular purpose.

The thermal and epithermal fluxes were determined hoth
from the Fe·Hu monitors and from the cadmium~ralioand
-difference measurements on the AI(Au) nux wires. These
flux dat.a were then used to calculate the eoncentration of Sb
and As in SUM 12,B, and of Co in SHM 953. The results are
shown in Table VI.

h is immediately obviuus that the two sets of nux data are
not in agreement with each other. Some of this discrepancy
might be due to the difficulties noted before--some absorption
of epithermal neutrons, possible leakage of thermal neut.rons
into the cadmium shield-but some more fundamental cause
appears more likely.

The uncorrected antimony value is again found too low by
approximately a factor uf 2 from the Fe·Ru data, and ap­
pruximately :lOOJo itH) luw from the gold data. For Cu the two
sets of data are in bcttrr agreement, lh()u~h the Fe-Ru datil
give the better fit. The uncorrected arsenic value, too. is tou
low by more than a factor of 2, and t.he As mlue from the gold
data is not much higher. We suspectlhal "100 ppm" is really
only a nominal concentration, and that. the true value is close
to ,3 ppm, the corrected value from the Fe-Hu nux data.

OTHER INVESTIGATIONS

Determination of Molybdenum in the Presence of
Uranium. Hecause of the fissiun reaction on ~U (which has
a very large cross section, 280 h) producing fission fragments
decaying tu 9'JMo and 9'JmTc, the determination of Mo by
neutron activation in the presence of uranium hns been a
problem in the past. Parametric counting provides a simple
way to overcome this difficulty. In our particular example,
analysis ufTEG 50 A, we observed that unly lIoHu was present
after irradiation; the 97Ru and I05Ru isotopes were missing or
below uur limit of detection. Since the fission yields for
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Table VII. Nuclear Conatanta Used in CalcuJatina the TEG Impurity Concentrations as Given in Columna
(a) and (b) of Tablea II-IV

isotope & 'l'-ray halOiCe & absolute thermal cross section, resonance integral,
energy intensity of 'Y·ray. % % abundance barns barns

't'Au 64.7 h' 100.0 98.8E + 00 1.540E + 03
411.8 keV 95.50
675.9 0.84
s"'Fc 1080 h 0.31 1.14E + 00 1.20E + 00
1099.2 56.1
1291.6 43.51
·'Ru 69.0 h 5.51 2.08E - 01 4.80E + 00
215.7 85.30
325.1 10.76
Ill1Ru 955.2 h 31.61 1.29E + 00 4.30E + 00
497.1 86.80
610.3 5.47
losRu 266.3 m 18.58 4.47E - 01· 5.8E + 00·
724.2 49.00
469.4 17.50
676.3 16.66
316.6 12.25
SlCr 667 h 4.35 1.59E + 01 9.0011' + 00
320.1 9.90
"Zn 245.0 d 48.89 7.15E - 01 1.73£+ 00
1115.5 50.60
'JGa 14.2 h 40.00 4,40E + 00 3.40£ + 01
834.1 95.80
2201.6 25.60
629.9 26.20
2507.6 15.00
2490.9 8.65
600.9 5.50
894.2 10.30
"Mo(Tc) 66.2 h-6.0 h 23.78 1.45E-Ol 5.20E + 00
140.5 88.00
739.5 12.20
777.9 4.30
Jj"U 23.54 m 99.27 2.73£ + 00 2.75E + 02
JJ"Np 56.52 h
228.1 keV 10.70
IIftmln 54.0 m 95.72 1.57E + 02 2.11E + 03
416.9 24.20
818.7 11.30
1293.5 82.50
2112.2 15.30
J~Nn 15.0 h 100 5.40£ - 01 3.70E - 01
1368.6 100
2754.0 100
"lHg 65.0 h 0.15 3.19E + 03 1.23E + 03
77,4 19.10
191.4 0.50
JOJHg 1130.0 h 29.80 4.90E + 00 4.0011' + 00
279.2 81.00
tOea 1928.3 d 100 3.72E + 01 7.50E + 01
1173.2 99.88
1332.5 100.00
"AJ 138.6 s 100 2.34E - 01 1.55E - 01
1779.0 100
"K 12.4 h 6.70 1,45E + 00 1.35E + 00
1524.7 18.30
312.8 0.31
lIomAg 6010.0 h 48.18 4.50E + 00 4.90E + 01
657.7 94.30
744.3 4.88
884.7 73.40
937.5 35.20
1384.3 25.20
liSe 2900.0 h 0.90 5.18E + 01 4.75E + 02
136.0 57.20
264.7 60.85
279.5 24.95
121.1 17.65
"Mn 154.8 m 100 1.33E + 01 1.7£ + 01
846.8 98.80
2113.0 15.25
1810.7 28.40
"As 26.3 h 100 4.30E + 00 7.50£ + 01
569.1 42.90
667.0 6.80
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Table VII. (Continued)

isotope & 'Y-ray halrnfe & absolute thermal croll section. resonance integral,
energy intensity of 'Y·ray, % % abundance bams bams

1228.5 1.10
2096,2 0.56
mSb 65.76 h 57.25 6.56E + 00 2.09E + 02
564.1 71.20
692.8 3.98
1140.5 0.86
l:4Sb 1450.0 h 42.75 4.26E + 00 1.29E + 02
602.7 97.90
1690.9 48.10
722.8 10.74
645.8 7.38
"Rb 449.0 h 72.17 4.60E - 01 4.81E + 00
1076.8 8.76
~Cu 12.8 h 69.09 4.50E + 00 6.10E + 00
1345.8 0.48
~Cu 306.0 s 30.91 2.16E + 00 2.30E + 00
1039.2 9.00
833.5 0.34
"V 225.7 s 99.75 4.88E + 00 2.90E + 00
1434.0 100
"Sc 83.7 d 100.00 2.60E + 01 1.20E + 01
889.3 100.00
1120.5 100.00

a These values for the thermal and resonance cross sections make the Ru concentration calculated from losRu coincide
with those calculated from ~'Ru and IO)Ru for any reactor irradiation. b h = hour, m = minute. d = day, S = second.

from the activities of '97Hg and ""Hg almost certainly belongs
in this class in view of the small resonance integral to thermal
cross section ratio for both isotopes, since even n grossly
inaccurate F ratio would not greatly affect the concentrations
calculated. Other discrepancies are more baffling, like those
for the two antimony isotopes l'12Sb aml '2<1Sb. for i6As, Il():nAg,
and wu. All of these isotopes have large resonance inte·
gral/thermal cross section ratios, and for some of them the
nuclear constants are known particularly weU. Thus the most
likely source of the errors ought to be an incorrect F ratio used
in the calculation. This simple assumption, however, does not
explain all of the facts, to wit:

(1) The relative standard deviation between the concen·
trations of ruthenium calculated from the activities of its three
isotopes is reproducibly less than 1%, using the nuclear
constants as listed in Table VII, and is independent of the
actual composition of the neutron spectrum in which the
ruthenium was irradiated (e.g., light vs. heavy water moderated
reactors); in addition, the calculation yields the correct weight
of the ruthenium, indicating that the determination of the
thermal Oux via the iron monitor is also acceptable. These
observations simply must mean that the ruthenium monitor
correctly measures the F ratio as seen by the resonances of
its three isotopes.

(2) The concentrations of isotopes with low resonance
integral/thermal cross section ratios are calculated correctly,
proving again that the magnitude of the thermal Oux assumed
for the calculations is correct.

(3) The relative error in the cOJ1centcation calculation is
larger for large fatios of resonance jntegral to thermal cross
section; however, this relative error appears to be independent
of the ratio of thermal to resonance Oux present during ir­
radiation, i.e., of the ratio of thermal to resonance activation.

The ruthenium isotopes sample the resonance Oux at much
higher energies than does gold with its low lying resonance
at 4.9 eV. It seems probable that this fact somehow constitutes
the reason for the observed discrepancies, perhaps because
of deviations of the resonance Oux from its theoreticall/E
dependence. Such deviations from the 1/E shape have been
noted by several authors (7-12), and an epithermal Oux
distribution proportional to 1/E'+m has been proposed.
Bereznai et aL (12) suggest that m is a negative quantity inside

the core, and changes to a positive quantity in the (graphite)
reOector. Ryves (9) states: "Well moderated systems can·
taining hydrogen or deuterium have a nearly zero value of "m",
but for graphite moderated assemblies "m" may vary from
-0.1 to +0.1 ..., which will have a pronounced effect on the
relative resonance integral measured in these geometries". All
of our measurements were carried out in the reflectors of the
various reactors used, thus some deviation from a 1/E shape
of the resonance flux was to be expected. Positive values of
m would produce effects of the observed magnitude using the
formalism suggested by Bereznai and MacMahon in a recent
report (13); it should be noted, however, that negative values
of m were observed in the reOector in that work, contrary to
the predictions in Reference 12. Thus there does not seem
to exist at this time an unambiguous treatment to take these
deviations from a 1/E shape into account. From the practical
point of view, however, application of empirical corrections
factors appears to be adequate, at least for irradiation lJOllitions
at core face or in a graphite reflector. OUI results indicate
that these correction factors were invariant for the three
different reactors used.

CONCLUSIONS

Parametric counting in conjunction with flux determina·
tions by means of the Fe·Ru monitor couple gives concen­
tration values for isotopes with not too large resonance in·
tegral/thermal cross section ratios, R, which are in fair
agreement with those obtained by relative measurements using
SRMs, and which are certainly adequate for survey work. At
large values of R, systematic deviations of the calculated
concentrations towards too low values are observed. "Large"
refers to R values of about 10 or larger. The percentage by
which the concentration is found too low depends on the
individual isotope and appears to increase with increasing
values of R, though the largest deviation was observed for
antimony with R = 31, not for uranium with R = 100. Our
experience with isotopes with large R values has been that for
a given isotope the concentration is always found too low by
the same percentage, independent of the composition of the
reactor Oux in which the sample was irradiated, We do not
understand the reason for this behavior, but we can arrive at
the approximately correct concentration values by multi-
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plication with an empirical factor, For antimony (both
isotopes) this factor is 1.923, for gold it is 1.119. Vslues for
"As, I09Ag, "Mo(Tc), 12Gs, and 7'S. are 1.652, 1.535, 1.802,
1.300, and 1.413 respectively.

We carried out a flux determination run simultaneously
utilizing Fe-Ru couples and cadmium measurements on gold.
The resonance flux is definitely found lower from the gold
data. Concentration calculations from the Fe-Ru flux data
(and using empirical correction factors for isotopes with large
R ratios) were better than on the basis of cadmium-ratio and
~differencemeasurements on gold; however, our experience
with cadmium measurements is far too limited for any
sweeping statements. We do not ciaim that determination
of the actual epithermal flux distribution via the high-lying
resonances of the three ruthenium isotopes yields necessarily
a more accurate value than can be obtained via the low-lying
resonances of 197Au. We have, however, developed an in­
ternally consistent approach which yields the correct con­
centration values for all elements.

Parametric counting provides an easy way of determining
molybdenum or certain rare earths in the presence of uranium,
utilizing the known relative fission yields for the isotopes in
question.
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Comparison of the Determination of Cobalamins in Ocean
Waters by Radioisotope Dilution and Bioassay Techniques

G. M. Sharma,' Henry R. DuBois, Albert T. Pastore, and Stephen F, Bruno

New Yorlc Ocean Science LaboralOf)'. Montauk. New York 77954

Appllcallon of two radlolsolope dilution techniques 10 the direct
determnallon 01 cobalamlns In 1 mL of seawater Is described.
These techniques give results which are approximately 4-10
limes higher than Ihe results oblalned by Ihe standard ml­
croblologlcal assays. The disparity In results obtained by Ihe
biological and Isotoplc methods Is explained by suggesting Ihal
the later technique measures both biologically acllve and
Inactlve cobalamlns lndJscrIrnInalely. The combined sensitivity
range of the two isotopic melhods described In this paper Is
0.5-400 Pll B,.tmL The ac:aracy (X,- XI oIlnc1v1dual values
at the 1.0 pglmllevel was lound 10 Ue In the range 01 0.1-0.2

PlI·

The concentration of cobalamins in ocean waters is usually
measured by microbiological techniques (I). Although these
techniques are highly sensitive (range: 0.05-3 ng B,,/L) they
are technically tedious and time consuming. Furthermore,
the precision of the bioassays depends largely upon the
presence or absence of inhibitors in the samples being ana·
lyzed. Because of these drawbacks of the biological methods,
there is need for a technique for the determination of co·
balamina in seawater which should not only be rapid and
highly sensitive but must also be immune to the presence of

inhibitors in the medium. Several radioisotope dilution
techniques developed for the determination of vitamin B"
in plasma have been shown to be endowed with these
characteristics (2,3). Recently one of these techniques has
been used for the determination of benzyl alcohol extractable
cohalumins from ocean waters (4), In this paper, we report
our experience and results obtained in applying two radio­
isotope dilution techniques to the direct determination of
cobalamins in a small volume (1.0 mL) of ocean waters.

The two isotopic methods tested for the determination of
cobalamins in ocean waters are called competitive binding and
sequential saturation analysis (5,61. The B,,-specific binder
used in the experiments was the porcine intrinsic factor (IF).
Comparison of these IF-based radioassays with a standard
biological assay (l) revealed that the former techniques give
substantially higher values for the concentration of cobalarnins
in ocean waters. One explanation of unexpectedly higher
values obtained by isotopic methods would be that these
techniques measure the sum of the concentration of all co·
balamin and cobalamin-like molecules. The cobalamin-like
molecules may have been produced by environmental deg­
radation of various naturally produced B" molecules.

EXPERIMENTAL
Apparatus. Radioactivity was mtasured with a Beckman

Gamma 8000 Counting System. This instrument has a factory
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installed progr~ to give % bound radioactivities directly.
Reagents used In the experiments were pipetted with a
Schwarz/Mann biopipet. Polypropylene tubes (12 X 75 mm),
loglt-Iog graph papers, and 8 Cornwall 2 cm3 syringe for adding
aqueous charcoal suspcnsion were purchased from Becton­
Dickinson Co., Mountain View Ave., Orangebwg, N.Y. 10962.
Whatman GF/C filter pads nnd 0.45-~m membranes for filtering
seawater were obtamed from V\VR Scientific Company and
Amicon Company.

Chemicals. Norite A (decoJorizing charcoal) for stripping
seawater and Human Serum Albumin (HSA) of cobalamins was
purchased from Fisher Scientific Co. The unlabeled vitamin 8

12
was from Sigma Chemical Co. Lyophilized porcine intrinsic factor
(IF), RIA grade charcoal, and aqueous solutions of "Co-labeled
B I2 containing 0.01 % KCN were purchased from Becton and
Dickinson Co. The concentration of KCN in labeled 8 12 solutions
was considered to be sufficient to release cobalamins from en­
dogenous protein binders when mixtures of 200 IJ.L of labeled-B12
and 1.0-mL aliquot..c; of the unknown samples were heated at 100
°C for 15 min. The 30% sterile HSA solution was purchased from
Calbiochem, San Diego, Calif. 92112.

Reagents. Vitamin-free Seawater. One liter of seawater was
obtaincd from the same area where samples to be analyzed were
collected. This seawater was made vitamin-free by shaking with
Norite A as described in the literature (7).

Vitamill-f,ee HSA. To :\.O mL of 300/0 HSA placed in a well
cleaned plastic tube, 24 mL of sterile distilled water and 3.0 mL
of 0.48 N Hel were added. The resulting solution was heated
at 100 °C for 15 min. The reaction mixture was brought to room
temperature and 0.5 g of Nurite A added to it. The suspension
was vurtex~d and left at room temperature for :m min. After
centrifugatiun, the dear HSA solution was decanted and filtered
through a 0.22 J.lfO millipore filter. The filtrate was stored
aseptically at 4 °C. Standard tests revealed that the 30/0 HSA
solutiun thus prepared contains neither vitamin B,t nor 8 12
binding factors.

Chur(:oal 8Llspeflsiufl. The RIA grade charcoal, 1.25 g, was
added to 100 mL of sterile distilled water. The suspeni:liun was
stirred at 4 °C for :.10 min before and during usc. The unused
suspension was stored at 4 °C for later use.

om N KeN alld J N HCI. These were prepared from reagenl
grade KCN and concentrated hydrochloric acid using sterile
distilled water. The solutions were stored in glass bottles at room
temperature.

Unlabeled 8 12 Standard Solutions. Serial dilutions of stock
solution containing 100 mg B12/L with sterile vitamin-free
seawater gave wurking solutions containing 0.5-400 pg 131:dmL.
The concentration of the stock solution was routinely checked
by measuring extinctions at 278, 361, and 550 nm.

Competitive Binding Experiments. (A) Preparatiun of the
Standard Curve. For duplicate runs. 18 sequentially numbered
polypropylene tubes were arranged in pairs. One milliliter of
sterile vitamin·free seawater was added to each tube of pairs I
and 2. Using standard solutiuns. progressi\'ely increasin~ amounts
(5, 10,20,50, 100,200, and 400 pg) of unlabeled il" were added
to the tubes of pairs 3-9. Then 200 ~L (50 pg) of labeled il" and
100 ~L of I N HCl were added to all lubes. After mixing, the
lUbes were allowed to stand at room temperature for 15 mill. Final
reagents to be added were: 400 ~L of HSA to .11 tubes and 200
IJ.L of intrinsic' factor to pairs 1-9 only. After centrifugation, the
supernatants which contained unly complexed 8 12 were decanted
and counted in a Beckman Gamma. 8(X)() counting system to give
% bound radioactivities directly. The logit-log plot of % buund
radioactivities vs. pg unlabeled Blt/mL was a straight line (slope:
-2.30; y·inlerc~pt: 4.20). The correlation coefficient for the
regression line was 0.99.

In a separate experiment. the contents of the tubes after the
addition of I N Hel and labeled B" were heated at 100 ·C for
15 min and then reacted with the intrinsic factor. The standard
curve constructed from the data of this experiment was identical
with the one obtained in the first experiment.

(8) Determinatiun uf Cobalamins in Seawater by Competitive
Binding Technique. These determinations were carried out
simultaneously with the preparation of the standard curve. The
seawater samples were collected from the Peconic Bay estuary,
Long Island, N.Y. The sampling stations were located throughout
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the estuary ranging from the mouth of the Peconic River (samp!ea
I and 2, Table I) to Cedar Point, East Hampton (samples 3-10).
The samples were fIrst mtered through GF/C mter pads and then
through 0.45-1'D1 Aminco mter membranes. One-milliliter aliquota
of the mterates, 100 ~L I N HCI and 200 ~L labeled B" were
plnced in two sets of paired polypropylene tubes. ACter mWng,
one set of tubes was kept at room temperature and the other set
was heated at 100 ·C for the same period of time. The set beated
at loo·C was cooled to room temperatwe in a running water bath.
Same amounts of HSA and intrinsic factor as used in the
preparation of the standard curve were added to the tubes of both
sets. After an incubatioa period of 30 min, 'l'o radioactivitiea bound
to the intrinsic factor were determined and the concentrations
of cobalnmins were rend from tbe standard curve. Columns I and
2 of Table I represent the results of duplicate analyaea of 10
seawater samples carried out by incubating the samples with
cyanide ions (present in Inbeled B,,) and HClat room temperatwe
and 100 °C, respectively.

Sequential Saturation Analysis. (A) Standard Curve. To
obtain data in duplicate, 16 sequentially numbered polypropylene
tubes were arranged in sets of two. One milliliter of vitamin-free
seawaler was added to each tube of sets I and 2. Using standard
solutions, progressively increasing amounts of unlabeled. B12 (0.5,
1,2,4,6,8,12, and 15 pg) were added to the tubes of the remaining
sets. Then 50 ~L of 0.01 '7. KCN and 200 ~L of HSA solutiona
were added to all tubes. After mixing, the tubes were allowed
to stand at room temperature for 15 min. Intrinsic factor, 50 1-lL.
was added to tubes of sets 2-8 only and, after mixing, the tubes
were incubated at room temperature for 30 min. FinallY,2()().SlL
aliquots of "Co-B" solutioa (50 pg, cpm = 6200) were added to
all tubes and, after mixing, the contents of the tubes were in­
cubated at room temperature for 45 min. The uncomplexed
vitamin BI2 was removed by adding 0.8 mL of charcoal suspension
as described under competitive binding studies. After centri­
fugation, the supernatants which contained both labeled and
unlabeled vitamin 8 12 bound to the intrinsic factor were decanted
and the bound radioactivities measured. The bound counts in
supernatants of tubes 1and 2 were averaged and subtracted from
the bound counts of supernatants of all other tubes. The plot
of corrected bound counts (ordinate) vs. pg-unlabeled B12/mL
(abscissa) was a strnight line (slope: -126. cpm/pg 8,,; y-intercept:
3495 cpm). The absolute value of the slape of the regression line
showed a high degree of agreement with the specific activity (124
cpmfpg) of labeled B" used in the experiment.

(R) Determination of Cobalamins in Seawater Samples by
Sequential Saturation Analysis. Seawater samples were diluted
1: 10 with vitamin·free seawater. AHquots, 50 IJ.L, of the intrinsic
factor were first reacted with l.O-mL aliQuots of the diluted
samples and then with 200 IJ.L of the 67Co-BI2 solution according
to the procedures described under preparation of the standard
curve. Radioactivities bound to the intrinsic factor were measured
and the concentrations were determined by interpolation of the
standard curve. The results were mulliplied by 10 to express data
as amounts per mL of the undiluted samples (See Table I, colwnn
3).

Bioassays of Seawater Samples. The 10 seawater samples
analyzed by isotopic methods were also bioassayed using clones
3H and 13-1 of the diatom 7'halassiosira pseudonona. The
procedure used was essentially lhe same as described by Carlucci
(I). Glassware used for bioas.""ys was cleaned in 3 N HCI, rinsed
wilh distilled water. baked in a hot air oven at 250 ·C for 4 b,
and autoclaved for 20 min at 121°C. Vitamin free seawater was
prepared according to method described by Strickland and
Parsons (7).

Samples for 8 12 (and 8 12 analogue) assay were dispensed in
5· or IQ.mL aliquots into 5Q.mL microfernbach fln.sks (BeUco Inc.)
wilh stainless steel caps. Each sample was diluted with 10 mL
of vitamin free seawater (27-29%0) enriched with nutrients as
described by Carlucci (I). External standards (calibration curve)
for the hioassny contained 0, 0.1, 0.2, 0.4, 0.8, 1.0,2.0, and 3.0 ng
L·' of vitamin B.,. Vitamin B" was added to duplicate sets of
each sample, resulting in an addition of I ng L.•. Theae nasks
served as internal standards to determine possible inhibition of
the seawater to the assay organism. Flasks with samples, external
standards, and internal standards were inoculnted with ~IO' cells
mL·· of B" depleted T. pseudonana cells.
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The bioassay series was incubawd in a wmperature controlled
room at 20 ± I ·C below a bank of fiuorescent lamps emitting
6000 lux. The assay was wrminaWd after 5 days and vitamin B"
(and B l2 analogue) concentrations were calculated on the basis
of fmal cell density. Cell counts were made using a hemacy­
tometer. The results of the analysis are collated in columns 4
and 5 of Table 1.

RESULTS AND DISCUSSION
The determination of vitamin B" by radioisotope dilution

techniques has invariably been carried out in 0.9% NaCI
solution (8). The salinity of seawawr, on the other hand,lies
in the range 2.8-3.5%. Major contribution to this salinity
comes from chloride, sulfate, magnesi'um, potassium, calcium,
and sodium ions. To evaluate the effect of the complex salt
matrix of seawater on the precision and accuracy of isotopic
methoda, standard solutions of B" prepared in charcoal­
treated seawater were analyzed by competitive binding
procedures (4). When experimentally dewrmined %-IF-bound
radioactivities were plotted va. pg B,,/mL on a logit-Iog graph
paper, a linear stanllard curve of slope -2.30 was obtained.
The close correspondence of the slope of the experimental line
to the theoretical value of -2.303 suggested (9) that the in­
organic constituents of seawater do not interfere with the
determination of vitamin B" by the isotopic method. At an
average standard deviation of -10%, the detection limits of
the competitive binding procedure were found to lie in the
range 10-400 pg B,,/mL. The relative standard deviation at
5 pg/mL was -30%. The competitive binding experiments
designed to detect vitamin B" at levels below 5 pg/mL were
found to yield erratic results.

To develop a procedure capable of measuring the con­
centraticns of B.2 at levels below 10 pg/mL, standard solutions
containing 0.1-50 pg B,,/mL were analyzed by the techniques
of sequential saturation analysis (6). Afwr several trials, the
procedure described in the Experimental section was found
to give IF-bound radioactivities which were inversely but
linearly related to the concentration of B" in the range 0.5-15
pg/mL. The regression line of IF-bound radioactivities, (Y),
va. the concentration of B", (X), was almost identical with
the theoretical curve given by the equation y = 8 0 - sX. In
this equation, Bo represents cpm bound to the intrinsic factor
when the concentration of the unlabeled B" was zero and the
slope, s, is the specific activity of labeled B" used in the
experiment. The correlation coefficient for the regression line
Was 0.99.

By combining the results of the competitive binding and
sequential saturation analysis, it may be concluded that
seawater samples containing >0.5 pg cobalamins/mL can be
directly analyzed for the concentration of this micronutrient
by isotopic methods. In Table I, the results of the deter·
mination of cobalamins in 10 seawater samples by competitive
binding, sequential saturation, and bioassay procedures are
compared. Columns I and 2 of the table represent the data
of the competitive binding experiments carried out by in­
cubating the samples with KCN (present in the "Co-Inbeled
B12 solution) at room temperature and at 100 ·C, respectively.
The samples were heated with KCN at 100 ·C to free co­
balamins from endogenous protein binders. For sequential
saturation analysis, the samples were diluted 1:10 with
charcoal·treated seawater. The results were multiplied by 10
to express data in amounts per mL of the undiluted samples
(column 3). The clone 3H of the bioassay organism Tho­
lassiosira pseudonana measures the sum of the concentrations
of 5,6·dimethylbenzimidazole cobalamin (vitamin B,,),
desdimethylbenzimidazole cobalamin, 5-hydroxybenzimidazole
cobalamin. and 5-methylbenzimidazole cobalamin. Under the
assay conditions, the clone 13-1 of T. pseudonana measures
the sum of 100% concentration of cobalamins listed above,
50% concentration of Factor B (B" without the nucleotide),

Table l. Compariaon of the Reaulta of Cobalamin
Determinationa of Seawater Samplea by Iaotopic and
Biousay TechniqueeO

isotopic methods bioassay
competitive T.

binding sequcn- T. pseudo-
sample room tia) satu- pseudo- nana,

no. tcmp. 100·C ration nano,3H 13·1

41.5 56.0 39.5 6.4 11.2
46.0 52.0 38.0 4.8 10.4

2 53.0 55.0 31.0 <.05 13.8
55.0 57.0 32.0 <.05 12.6

12.0
23.8 26.5 19.5 1.8 4.9
23.8 24.0 21.5 3.8 5_1
19.5 19.5 24.0 3.6 3.4
20.2 27.5 4.0 3.4

2.6
5 24.4 25.0 19.5 1.9 3.8

23.4 25.2 27.5 3.1 3.3
4.5

6 24.0 25.0 23.0 1.9 2.6
19.6 24.0 23.5 2.9 2.6

3.5
28.0 28.5 21.5 6.1 3.2
27.7 26.5 26.0 6.5 2.9

3.4
8 21.5 20.5 24.5 5.0 2.8

18.8 22.0 21.0 7.0 2.8
2.4

9 17.5 20.5 27.0 1.6 3.8
19.0 21.0 23.0 2.6 3.9

3.8
10 20.5 21.8 26.0 0.6 3.6

18.5 23.5 21.0 0.6 3.6
3.4

a The data by isotopic methods were collected in
duplicates. The bioassays were carried out either in
duplicate or triplicate. The results arc reported as pg
cobalamin/mL.

and up to 50% concentration of analogues of B12 containing,
instead of benzimidazole, adenine (pseudo-B,,) and substi­
tuted adenine (e.g., 2-methyladenine) as the nucleotide (JO).
To obtain a rough estimaw of the total concentration of Factor
B, pscudo-B" and other analogues of B" in seawater samples,
the difference between the values reported in column 4 and
5 of Table I should be multiplied by 2.

Recently, Beck (4) reported a competitive intrinsic factor
binding assay technique for the determination of cobalamins
in nalural waters. In this technique, the seawater samples
are first extracted three times with a small volume of benzyl
alcohol. The combined ben.yl alcohol extracts are then
extracted with water and the aqueous phase thus obtained
is used for the determination of cobalamins by the isotopic
method. Interestingly, levels of cobalamins in seawater found
by us using direct procedures are similar to those reported
by Beck using the preconcentration procedure.

A comparison of the data reported under columns I and
2 of Table I revealed that there is no significant increase in
the concentration of cobalamins when the samples are heated
with KCN at 100 ·C for 15 min. This suggests that either
these samples contain no B,rProtein complexes or the cyanide
extraction procedure used in the experiments is not vigorous
enough to liberate cobalamins from their complexes.

The correspondence between the results of the analysis of
samples 3-10 by competitive binding and sequential saturation
analysis is within acceptable limits. The reason for the low
values obtained for the concentrations of cobalamins in
samples I and 2 by sequential saturation analysis is not clear.
It may be noticed that compared to clone 13-1, the clone 3H
of T. pseudonano gives higher values for the concentration



of cobalamins in samples 7 and 8. These results are reverse
of what is expected from the cobalamin specificities of the two
bioassay organisms (vide supra). One explanation of these
unexpected findings would be that the samples 7 and 8 contsin
ectoerines which inhibit the growth of clone 13-1 hut not that
of 3H. In case the ectoerines are growth promoting substances,
then they would be enhancing the growth of clone 3H spe­
cifically. The most important finding of this investigation is
that, compared to bioassays, the isotopic methods give 4-10
times higher values for the concentrations of cobalamins. The
disparity in the results of these methods may be explained
as follows.

It has been reported that vitamin B12, its various analogues
and transformation products (e.g. Iactam B", lactone B", etc.)
aU compete on almost an equal basis for binding to the porcine
intrinsic factor (I 1). It may then be expected that isotopic
methods would determine the sum of the concentration of all
these molecules. Of the cobalamins detectable by isotopic
methods, the transformation products of vitamin BI2 and its
analogues exhibit little or no biological activity. In view of
this, it may be suggested that out of 18-50 pg/mL of coba­
lamins and cobalamin-like molecules determined by the
isotopic methods only 25-40% are vitamin 8", pseudo-vitamin
B 12, and their analogues. The remaining 60-75'10 of the
material may be 8 mixture of transformation prodUCL"l formed
by the action of light and seawater on cobalamins. However,
lhe possibility cannot be excluded that this 60-75'10 of the
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material may actually be some types of hiologically produced
cobalamins which are not utilized by the bioassay organisms
used in these investigations. What is the actual cbemical
nature of this material and what is its ecological role is a
subject of future research.
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Enzymatic Determination of Urea in Serum Based on pH
Measurement with the Flow Injection Method

J. Ruzicka,' E. H. Hansen, and Animesh K. Ghose1

Chemistry Department A. The Technical University of Denmark, Building 207, DK~2800 Lyngby, Denmark

H. A. Moltola

Department of Chemistry, Oklahoma State University, Stillwater. Oklahoma 74074

A method based on the Flow Injection Analysis system in­
corporating a flow-through caplUary pH~ectrode Is described
and used for the enzymatic determination of urea in aqueous
and serum samples. By maintaining 8 constant buffering
capacity of the carrier stream solution, a linear relationship
between the recorded pH si9nal and the urea content is
obtained. Attaining the analytical readout wKhin 30 s of sample
IntrOduction, the sampling rate was 60 samples per hour and
the reproducibility of measurement was ±0.0029 pH unit
Corresponding to ±0.52 %. When soluble urease was used
in the carrier stream, the consumption was 25 units per
analysis. The possibility of further reducing the enzyme
consumption by using the merging zone principle in the Flow
Injection stop-tiow system Is discussed.

Many enzyme catalyzed reactions involve proton exchange
with the background electrolyte. Therefore, a pH sensor is

1 Present address: Department of Chemistry, University of Al­
lahabad, AUahabad-211002, India.

the most appropriate as well as the simplest monitoring
detector as it does not require an additional coupling of the
primary reaction to an indicator reaction, such as, e.g.,
NAD-NADH. The drawbacks of pH sensing are, however,
serious because (a) the resulting pH change may inhibit the
enzyme function; (b) the pH response is a logarithmic function
of the analyt.c concentration; and (c) any buffer present in the
background electrolyte affects the pH response.

The first drawback is the least serious one since, as the pH
change is usually small, one can design the chemistry so that
only the initial part of the reaction is used for determination;
but above all, by handling the process of mixing and measuring
automatically. the small undesired influence of inhibition can
be built into the calibration curve because each sample is
handled in exactly the same way.

The second drawback of tbe pH electrode sensing is more
serious as the logarithmic response is inherently less
reproducible-an objection often made to all ion-selective
electrode measurements-and very difficult to use, e.g., for
derivative techniques where the measurement has to be made
at a fixed signal level, while the fixed time method using a
system with a logarithmic response is not readily applicable
(1).
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where S = IdOHo] (if the product is a strong base) leading
to:

where P is the product concentration, t is the reaction time,
K m is the Michaelis constant, and S is the substrate con­
centration, while Vm is the maximum velocity of the reaction.
Using an excess of enzyme (Km » S) and relating dP to dClI
(dP =(I/q)dClI ), one obtains-in the case that the product
is a base-the expression:

(3)

(4)

(6)

(5)pH = const + log S

pH = log S - log K w - log h

Thereforc, depending: on the ratio betwcen the buffering
capacity and the amount of hase (or acid) produced by the
enzymatic reaction the calibration curve will have a shape
described by Equation 4 or 5 and will also have a re~ion of
8 mixed type of response.

In order to obtain the widest possible ran~e of linear re­
sponse (Equation 4) and maximum slope of the calibration
rur\'e, the buffer selected as carrier 5t ream should have a pK
value close to the pH'1l1l1 value generated by the enzymatic
conversion of a sample of medium concentration (i.e., in
clinical analysis that of a nurmal sample), and its maximum
buffering capacity Ii..~ (= 0.576 c) should be equimolar with
the amount of base (or acid) gcnerated from the least con­
centrated sample. The pH of the carrier stream containing
this buffer should then be adjusted (by addition of strong acid
or base) to be 0.2 pH unit from this carrier buffer pK vuluc
in the opposite direction than the expected pH change. In
this way Ii~ will be 94.8% at the base line, I()()% for a typical
or normal sumple. and will decrease again to 94.8% when
pH mu = pHlnu,e line + 0.4 (88.9% i'l"lIu at pHmn = pH hA~ line

+ 0.5)(18). If there is another buffer present in various
amounts in the individual samples. an additional requirement
arises, that is, that the buffering capacity of this interfering
buffer must. be much smaller than that of the carrier slream
so that its vuriatiuns do not affect (he overall buffering ca­
pacity of the carrier stream. This can be achieved by two
means: (a) by diluting the sample solution by the carrier
solution prior to injection: (b) by choosing a carrier buffer ,.,ith
a pK value and a pH-base-line value which both are much
different from the pK of the buffer present in the sample
sulutiun.

ThlL' if the pK of the interfering huffer differs by 2 pH units
from the pK of the carrier stream buffer, the interfering buffer
will have 25 limes lower buffering capacity even if both buffers
have the same molarities (for 1.5 pH units difference, the
buffering capacity will he ten times lower).

In clinical analysis, the main interfering buffer is bi­
carbonate (pK, = 6.:!, pK, = 10.3) and therefore the pK of

where dt is the resident time T of a sample plug in the Flow
Injection Analyzer (IJ) and q is a constant.

Equation 4 predicts that there will be a li"ear relationship
between peak height (dpH) and substrate concentration (8),
provided that the pH change is measured at the initial stages
of the reaction with sufficient activity of enzyme present (i.e.,
that the Vm/Km ratio is constant). It also follows that an
increase or the buffering capacity will decrease the slope of
the calihration line. Thus high ,i is clearly undesirable, yet
its c:uTlstanc)' is a prerequisite for obtaining a linear response,
since at "'ery low or no bufferinl:{ t'apacity, the electrode re­
sponse would be logarithmic:

As enzymatic assays are of principal interest in clinical and
biochemical analyses, where sample materials frequently
contain several buffer systems in different concentrations, one
inevitably encounters considerable and variable background
effects which can be summarized as a variable blank affecting
both the position as weU as the slope of the calibration curve.

Apart from these drawbacks, yet another group of well
known difficulties is encountered if the enzymes are used on
an immobilized form, whether contained in columns (2-5),
tubular reactors (6) (where the enzymes are attached to the
tube walls), or sensors covered by enzyme layers (such as
enzyme amperometric (7) or potentiometric (8) eleelrodes. or
enzyme covered thermistors (9, 10)). To avoid this second
group of problems, it was decided to use a soluble enzyme in
this work. This approach is justified not only because urease
is rather inexpensive, hut mainly because the recently designed
multiinjection technique (/ I) allows the use of the merging
zones principle (/2) in Flow Injection enzymatic analysis (/3,
14) where 8S little as 0.5 unit of enzyme in 25 1-11. of rea~ent

solution is consumed per determination (15).
It was Moshach and his co·workers (/6, 17) who first made

an enzyme electrode based on pH measurements \"'ith the
conventional hydrogen ion glass electrode covered with a layer
of gel (or trapped liquid) containing glucose oxidase. urease,
or penicillinase. Already in this pioneering work, the influence
of varying the background buffer concentration was observed
and later confirmed in a more detailed study on the peni­
cillinase electrode (/7), which was used in practice for the
continuous control of fermentation processes. Their sensor
was repU(tcd to have a logarithmic response and was uffected
both by tAe buffering capacity within the enzyme layer as well
as by the measured fermentation liquid.

However, a linear response can be obtained in two ways.
both being based upon the concept of the buffering capacity

P = dCIl/dpH (I)

that is, this can be achieved either: (a) by keeping pH constant
and volumetrically determine the amount of base (or acid)
dCB used in the course of a measurement; or (b) by keeping
the buffering capacity (j constant and measure the pH change
which thus becomes a linear function of the amount of protons
produced or consumed.

The most recent example of the first approach is the work
of Adams and Carr (5) who used an electrochemical pH stat
(where protons were generated coulometrically) in connection
with tubular and column reactors containinJ{ immobilized
urease. Apart from the usual difficulties associated with the
use of an immobilized enzyme, this careful study confirmed
the interfering effect of variable buffering capacity of indi­
vidual samples, which in the case of serum was exaggerated
to such a degree that the determination of urea could not be
practically performed.

The second approach was first used by Papariello and
co-workers (4) who designed an immobilized enzyme con­
tinuous flow system in which the pH changes on n stream of
constant buffering capacity were measured. Although their
sample turnover was low (6 samples/h), sample consumption
high (1.5 mL), and the blank so variable that they had to resort
to clean-up by dialysis, their work indeed confirmed that one
can obtain a useful linear range, and their theory correctly
predicts the main factors influencing the readout.

When measuring with the glass electrode in the Flow In­
jection system, the recorded peak height reflects the pH
i.ncrease between the base line pH..... I;", and the pHm..

measured atop a peak:

dpH = pH.... - pH bue lin, = dCwI/ff (2)

and this response can be related to the substrate concentration
by means of the Michaelis equation:



s

Figure 1. Flow InJection Analyzer for the enzymatic determination of
urea by pH measurement. ($) InjecHon rotary valve (30 IJL) furnished
with a bypass, (a) reaction coil (0.75 m long. O.5-mm Ld.) placed in
a thermostated water jacket: (pH) capillary glass tlow-1Ivough electrode;
(REF) reference electrexle. The overflow from the reference electrode
vessel Is pumped to waste (WI. All connecting lines were O.5-mm i.d.
(0, = 3.2, T = 30 s)
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Figure 2. Dependence ot the peak height H(i.e.. dpH) on the reaction
coil length L (in em). Note that the peak heqlt increases with increasing
resident time In. passes 1Ivough a maximum at L =125 em, and then
decreases because of the prevailing effect of the sample zooe dspersion
(0,)

M Hel making the volume to 100 mL with distilled water (18).
The urea standards were, fur the preliminary experiments,

prepared from a reagent. grade urea (Merck) by dissolving the
appropriate amount of urea in 0.14 M NnCI to obtain a 100 mM
stock solution. For serum annlyses, however, this stock solution
was further diluted by a 0.14 M NaCI-Q.02 M NaHCO, solution
to obtain standards in the range of 4.0 to 20.0 mM urea. Both
type!' of standards were, prior to injection, diluted 1:5 with the
carrier solut ion.

The urease (Worthington Biochemical Corp.) contained 110
units/m~ and was dissolved in the carrier solution in an amount
of 30 mg/l00 mL.

The serum standards were Monitrul I (lot LTD 144) and
Monitrol II (lot PTD 46A), reconstituted according to manu­
facturers' instruction (Dade and Merz, Bern). It was, however,
found that while Monitrol I contained the specified amount of
bicarbonate (12 mM after reconstitution) Monitrol II did not
contain any bicarbonate (it was not stated as 8 constituent either).
For this reason, Monitrol I was dissolved in distilled water, while
Monitrol II was dissolved in 0.02 M NaHC03 solution.

RESULTS AND DISCUSSION
All measurements were executed in the very simple ex­

perimental setup schematically shown in Figure I. The carrier
stream was pumped by the small peristaltic pump at a rate
of 0.76 mL/min continuously through the injection valve
whicb was furnished witb a bypass (10 cm-Iong, 0.5 mm-i.d_l
and wbich hud a volumetric bore of 30 ~L. While the sample
was being filled into the valve (see Figure 1), the carrier
solution streamed througb the bypass and. after the valve was
turned, the sample was injected into the system, carried
througb the thermostated coil a (0.5-mm i.d. polyethylene
tubing) and tben tbe resulting pH was measured during the
passage of the sample zone througb the capillary electrode_
Tbe calomel reference electrode was situated close by in a
small vessel in which a constant level was maintained by ba~k

pumping (2 mL/min).
The optimum coil length was found by injecting 10 mM

urea standards in 0.14 M NaCI into the carrier stream of Tris
containing 30 mg urease/IOO mL. The plot of peak height
vs. coillengtb (Figure 2) yielded a typical curve witb maximum
at L = 125 em. As there is not much difference between L
= 125 and L = 100 cm, the latter coil length was used in all
subsequent experiments as it would yield a resident time of
30 s and a sampling frequency of 60 samples/h. In order to
rind the optimum urease concentration while saving the
enzyme, a carrier stream of I X 10-' M Tris to which urea was
added to the level of 10 mM was continuously pumped
through tbe system. By injecting Tris solutions containing
5, 10, 15,20, 25, 30, 40, and 50 mg of urease/ 100 mL, it was
found that the peak height increased approximately loga-

the carrier stream buffcr should be around 8. For the de­
termination of urea in the range of 2 to 20 mmolfL, the
buffering capacity should be around 0.5 mmol/!. to allow for
the noncomplete enzymatic conversion of substrate. By
choosing Tris as carrier huffer (K = 8.0G at 25°C; 7.72 at. 37
°e) and pHba~ line = 7.70. the above requirements will be
fulfilled as during the enzymatic conversion of urea:
H,NCONH, + 2H,O + H+ '" 2NH,' + HCO,-, one proton
is consumed, and this results in n shift of the pH through the
region of maximum buffering capacity. By diluting the serum
sample in tbe ratio 1:5 with 1 X 10-' M Tris adjusted to pH
7.7 ({3 = 0.5 mmol/L), the typical serom sample will yield a
concentration of 4 mmol of bicarhonateJL which at this pH
will correspond to a buffering capacity of approximately 0.3
mmol/L, and this value will further decrease with increasing
pH. Therefore, the bufferinM capacity will remain practically
constant within the meao;uring range as the pK of the principal
buffer (Tris) is situated almost exactly halfway between tbe
two pK values of the interfering buffer. Additionally, the
dispersion in the Flow Injection system which is a result of
mixing of carrier solution and sample zone, will further affect
the ratio between the interfering buffer and the carrier stream
buffer in favor of the latter one. Thus in the system depicted
in Figure 1 the total dispersion (D,) measured by the color
method (18) was found to he :3.2, i.e., while tJhuffer remains
constant Pinterf. will decrease to approximately one third of the
nomina) value of the diluted serum samples.

The presence of bicarbonate, however, will also influt:nce
the starting pH, which would be different from the pH""" Ii.,
of the carrier stream containing only Tris. Therefore, the peak
beight dpH must be corrected for tbe blank, pHblank, ulohtain
the correct answer for the urea content:

dpH = pH m.. - pH.la., = S·const (7)

EXPERIMENTAL
The peristaltic pump was a four channel JS~'lATEC Minipuls,

type 840. The pH electrode was a capillary glass Radiometer G299
A, of the type commonly used for iJlood gas measurement. The
electrode was checked in the Flow Injection system by injecting
2 Radiometer Precision 1luffer Solutions (51510, pH = 7.383, and
81500, pH =6.841). It is important to note that to avoid electrical
noise the thermostating solution surrounding the pH glass ca·
pillarI' was made conductive by addition of KNO, (to -0.5%)
and electrically connected to the reference socket of the pH meter.
The calomel reference electrode, type K401, the pH meter, type
64, as well as tbe Servograpb recorder, type 310, furnisbed with
an REA unit 100, were all made by Radiometer. A Heto ther­
mostat 05E623 was used as a supply of circulating thermostated
water. The injection valve was of the rotary type with a volume~ric
bore of 30 ~L, furnished with a bypass of IO-cm, 0.5-mm I.d.
polyethylene tubing (J;j). The Flow Injection manifold is described
in detail in Results and Discussion.

Reagents. The carrier buffer solution containing 1 X 10-3 M
Tris in 0.14 M NaCI had a pH of 7.70 and was prepared daily from
a stock buffer by 5O-fold dilution with 0.14 M NaCI. The stock
buffer was made by mixing 50mL ofO.! M Tris (containing 12.114
g L-I of Tris(hydroxymethyl)aminomethane) with 36.6 mL of 0.1

100 200 L



202. ANALYTICAl. CHEMISTRY, VOL. 51, NO.2. FEBRUARY 1979

F1gIn 3. Reeader output showing from ,lg1llo Ie": a series of serum
blanks (B) recorded without urease in the carrier stream; a series of
serum anatyses (5); and a series of aqueous standards 01 urea (C).
AI sal11'les lnjec1ad in tJl>Iicale. The normal (N) and e1evatad (E) ranges
of the urea levels In blood are Indicated on the arrow between series
S. and B. The blank value (B') Is that 01 an aqueous sample containing
no ....., but only the Inter1emg bull... (20 mM bicarbonate). All sal11'ies
were diluted 1:5 with the carrier buffer prior to Injection. The total
dispersion In the syslem (D,) was 3.2

rithmically with the "half·concentration" of enzyme corre·
sponding to 10.8 mg/IOO mL. As little is gained in peak height
when increasing the enzyme concentration over three
"haIf·concentrations", 30 mg of enzyme per 100 mL Tris were
used as carrier solution (i.e., 33 units/mL) in all subsequent
enzymatic assays. Additionally, higher concentrations of
enzyme will lead to increased consumption of protons resulting
in a shorter range within which the dpH will be a linear
function of the urea concentration (Equation 7).

To develop a method which could be used for serum
analysis, all three drawbacks of pH sensing outlined at the
beginning of this paper must be overcome. The first two
disadvantages are readily detected and evaluated from the
calibration curve obtained in the absence of the interfering
buffer, that is, by injecting urea standards prepared in
Tris-o.14 M NaCI solution into the carrier stream consisting
of Tris-o.1 M NaCI-urease. It was found that the recorded
pH~, value, that is, the analytical readout is available 30 5

after sample injection and the base line is reached within
another 30 5, thus permitting a sampling rate of 60 deter·
minations per hour. When the dpH (peak height) was plotted
vs. the concentration of urea within the range of 4 to 15 mM,
each sample solution being injected in triplicate (see Figure
3 C), the regression coefficient was 0.9998, the standard error
of estimate amounting to 0.0029 pH unit. The reason for the
20 mM urea dpH value being lower than what would be
obtained by extrapolating the straight line was found not to
be due to the lack of enzymatic activity (or inhibition), but
due to the fact that the amount of base produced affected the
constancy of the buffering capacity of Tris. This conclusion
was reached after plotting the same dpH values vs. the
logarithm of the urea concentrations where it was found that
the slope was 95% of the Nernstian value for the linear portion
of the calibration curve situated between 15 and 30 mM urea.
As would be expected, below 15 mM the deviation from
linearity was the larger the lower the concentration of urea
was, and at 4 roM the slope of the pH-log urea curve was close
to zero. Thus it was confirmed that with the present ex·
perimental conditions (a) there is no inhibition of the enzyme
function and (b) the pH response is a linear function of the
urea concentration, can be obtained within 30 5, and is reo
producible to 0.0029 pH unit.

For serum analysis, the main obstacle is the interfering
effect of bicarbonate-which is the major component gov·
erning the serum buffering capacity-which still had to be
overcome. Therefore. four series of urea standards. en­
compassing the range 4 to 20 roM urea, were prepared in 0.14

a
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770 L---':',-----L-'15:----=2':-5-'

mM UREA
FIgure 4. Ca6b<ation cuves obtained by plaiting dpH values from Figu-e
3. series C. Curve a includes the blank value S' so that dpH ;:; pHmu
- pH"". .... while curve b is correctad by the B' (so that dpH = pH,."
- pHblAnkJ. The latter curve is then used to read the urea contents in
Monll,ol I (1.111 and Monnrol II (1.111); 10' delail see lext

M NaCI solution, the first series containing no bicarbonate,
the second series 5 x 10-' M NaHCO" the third series 10 x
10' M NaHCO, and the fourth series 20 X 10-' M NaHCO,.
Each sample from these series was diluted 1:5 with the carrier
buffer solution (I x 10-' M Tris in 0.14 M NaC\) and assayed
by Flow Injection Analysis in the manifold described above
(Figure 1), using the carrier strenm containing 30 mg
urease/loo mL. When plotted, the resulting values of dpH
yielded a series of straight lines within the range of 4 to 15
mM urea which were practically parallel and shifted toward
higher pH with increasing contents of bicarbonate (Table I).
With no bicarbonate present, the straight line intersects the
ordinate of zero content of urea at a pH which corresponds
to pH hue liM of the carrier stream, that is, dpH is zero (sec
also Figure 4). With increasing bicarbonate content. the blank
increases also and its value. pHbla.nru found by extrapolation,
is in good agreement with the value found by injecting the
blank solution of Tris-NaCI-NaHCO, with no urea present.
Tho serum analysis developed on the basis of the previous
experiments comprised three steps as shown in Figure 3. First,
n series of blank experiments was run (B) by injecting the
samples into the carrier buffer solution without urease and
by pumping them through the manifold described above
(Figure I). The second series of serum samples (8) was then
injected into the carrier buffer solution containing 30 mg
urease/loo mL. Finally a series of aqueous standards con·
taining 0.0, 4.0, 6.0, 8.0, 10.0, 12.0, 15.0, and 20 roM urea,

Table I. Regression Analysis of Urea·Calibration Curves
in the Concentration Range 4-15 mM at Different Levels
of Bicarbonate Added to the Sample Solution"

[Hea,) level
added to the
snmple soln. pHbue line regression

(mmoIlL) cansL, (Cure.;; 0) dpHblank coefficient

o 0.0404 0.000 0.9997

I~ g:gm 7.730 g:g~~ g:~~~i
20 0.0376 0.183 0.9996

• All samples (4.0, 6.0, 8.0, 10.0, 12.0, and 15.0 mM)
were prediluted 1:5 with carrier burrer solution (1 X 10- 1

M Tris in 0.14 M NaCI) and were injected in triplicate.
dpH = pHmax - pHb~nk = const.·Curea · dpH;; pHmax ­
pHl)ue line - (pHblank - pHba.Je line) = const.·Curea • Le.,
pHmax = COllSt.·Curca + pHbase line + dpHblank·

BscpH



respectively, and 20 mM bicarbonate was injected to obtain
the calibration curve (C). All serum samples as well as aqueous
standards were diluted 1:5 with I X 10-3 M Tris + 0.14 M NaCI
carrier buffer solution prior to injection, and were all injected
in triplicate.

The calibration curve, plotted as peak height VB. miUimoles
of urea:

dpH =pHmu - pHba.. I;"" =Cu"..const (8)

is shown in Figure 4. line 8, while the same curve, corrected
by blank, B', (dpH blank = 0.183 pH), i.e.:

dpH = pHmu - pH"lank = Cu,..·const (9)

is shown in Figure 4, line b. The const. has a value of 0.0372
pH/mM urea and the intersect of line b for zero urea content
is 7.73 pH, Le. only 0.03 pH unit higher than the pH..... Ii..

of the carrier stream.
Thus, for accurate assay, the correction for blank values

of individual serum samples must be made by using Equation
7 (or calibration line Figure 4b) as otherwise the urea values
in the normal range would be elevated. This can be illustrated
by referring to the two samples, represented by the first six
injections on the right hand side of groups Band S in Figure
3, of which the first three represent the standard serum
material Monitroll and the second three are Monitroill. The
urea content of Monitrol I (lot LTD 144) was 4.64 mM
(confidence limits 3.57-5.71) and of MonitrollI (lot PTD 46A)
was 12.4 mM (confidence limits 10.5-14.3) as declared and
found by the manufacturer on the basis of enzymatic assay.
By the present method, comprising blank correction, 4.20 mM
urea was found for Monitrol I, while 12.8 mM urea was found
for Monitrol II. Without blanking, MonitrollI was found to
contain 12.9 mM, while Monitrol I was elevated to 7.94 mM
ures.

For the rapid screening or simple monitoring of the changes
of the urea content in blood, the blanking could be avoided
if the error caused by the variation of the bicarbonate content
in the individual serum samples would be acceptable. This
can be illustrated by refering to samples 1-4 which were
injected following the above mentioned Monitrol serum
standards. As their "average blank value" is 0.075 pH unit
higher than pH"""" (value B' in the calibration group C), the
use of Equation 9 or calibration curve b of Figure 4 would yield
results higher by 2 mM urea, compared to the actual content.
Considering the fact that the analytical readout is available
within 30 s after sample injection and the instrument can be
started up within a few minutes, this approach could well be
considered for an emergency screening, by mean of a simple
instrument.

The Flow Injection system with pH detection can be easily
assembled from commercially available parts of high relia­
bility. This is not the least true for the sensor, the capillary
glass electrode, which has been used for years as a standard
part of the Radiometer clinical gas blood analyzers. The use
of soluble enzymes, a fresh portion of which is mixed with each
sample during the analysis, is much more reliable than use
of enzyme columns or enzyme covered electrodes in which the
enzyme activity gradually decreases and which are difficult
to maintain and prepare. (Use of insolubilized enzymes also
makes the blanking more difficult.)

The reagent consumption is moderate, considering that the
carrier stream containing 33 units of urease/mL is pumped
at a rate of 0.76 mL/min, while the sampling rate is 60 de­
terminations per hour. The enzyme consumption could,
however, be further reduced by a factor of five or even ten
by using the recently developed multi· injection technique
termed merging·zone Flow Injection Analysis (11, 12). In this
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variation, the carrier stream is buffer solution or water, into
which both sample and reagent (urease) are injected si·
multaneously by means of a double injector, and the analytical
reaction takes place as sample and reagent merge downstteam
on their way to the detector. Such a procedure is most
economical with respect to consumption of reagent.

This approach will be used either in (a) the continuous flow
mode described above, or (h) in the Stop-flow Injection system
(13). In method (a), a separate sample zone, along with a
second sample zone and an enzyme zone which merge and
react in a coil, are injected simultaneously. While sample zone
no. 1 allows the determination of the blank value (pH->,
the subsequent passage of the two merging zones through the
flow cell renders the analytical readout (pHmu). In method
(bl, sample and reagent zones are injected, allowed to merge
immediately before entering the detector, in which they are
stopped automatically by means of an electronic device which
locates the top of the peak. The enzymatic reaction is
monitored continuously, the change in pH as a function of
time yielding the analytical result. The working cycle is
completed when the pump is restarted and the sample thus
flushed out from the system. The experience, gained during
the work on the spectrophotometric determination of glucose
in serum using glucose dehydrogenase coupled with NADH
(15), suggests that a similar approach could be successfully
applied when measuring urea by urease, provided that the
sample zone could be stopped reproducibly within the pH
sensing glass capillary electrode.

The drawbacks of the pH sensing mentioned at the be­
ginning of this paper were successfully overcome, yet it is
realized that a more exact choice of the concentration of the
carrier buffer components can be made following the
mathematical approach oulined in the theory of "one point
titration" suggested by Johansson and co-workers (19,20).
Such an approach would further increase the linear response
range and might even lead to higher sensitivity of detection
which might be needed for assays of and with enzymes of lower
activity than the urease used in this work.
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Development and Application of a Thermistor Enzyme Probe in
the Urea-Urease System
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A novel thermistor enzyme probe (YEP) has been developed
for the determination of urea In solution. Response time Is 1
min or less. Linear response In urea concentration has been
obtained In the 5-30 mM range. Stability and factors Intlu­
enclng the response of the probe are examined. Finally, a
desIgn for a modtlled YEP, useful lor small sample VOlumes,
Is described.

Potentiometric detectors have been developed for the
analysis of urea which utilize well established enzyme im­
mobilization techniques (l). Guilboult (2) has developed 0

urease coupled ammonia electrode for the analysis of urea in
blood serum. Guilbault (3) and others (4) hove developed
probes which sense the product of the urea -urease hydrolysis
reaction, namely ammonium ion. In addition, pH electrodes
coupled within an immobilized enzyme layer have been used
(5) for the analysis of ure•. While these methods have found
widespread application, they are limited by their difficulty
of enzyme-entrapment procedure, susceptibility to interference
by cations, and slow response time.

Continuous now anal}'>e," have been developed (6-8) which
utilize a variety of detection techniques for the analysis of the
products of the urea-urease reaction. In the use of a con­
tinuous flow analyzer, it is necessary to employ enzyme
immobilization techniques (9) which mol' be time·consuming
or expensive.

Mosbach (lO, 11) has developed the "enzyme thermistor"
which measures the temperature change at the site of the
enzyme-substrate reaction. Again, the method uses a matrix
bound enzyme which is time-consuming to prepare.

It has been shown (l2, 13) that proteins in aqueous solution
can be adsorbed onto 8 mercury surface via the interaction
of disulfide bonds with the metal. It has also been shown by
thermometric and electrometric means (12), thot urease
adsorbed at a mercury surface remains active, which indicates
little or no modification of the active site.

With these facts in mind, it became of interest to develop
the thermistor enzyme probe (TEPl, The device consists of
a glass encapsulated thermistor sealed in a U-shaped piece
of glass tubing with epoxy cement. A small drop of Hg covers
the thermistor and serves as both the enzyme immobilization
and heat conduction sites. Thus, the TEP senses a tem­
perature change at the Hg-solution interface during the
enzyme catalyzed reaction. Provided that the heat of reaction
is sufficiently high, the probe should respond quantitatively
to substrate concentration. The TEP can be a very versatile
probe since a wide variety of enzymes may be im'mobilized
via a simple adsorption process. This study represents the
USC of the TEP as a urea specific detector by using the enzyme
urease..

EXPERIMENTAL
Reagenla. All solutions were prepared from freshly distilled

water. All glassware was cleaned daily by rinsing with ethanolic
KOH, followed by concentrated nitric acid, followed by 4-5 washes

with distilled water. This procedure ensured the removal of both
organic films and cations absorbed on the glass surface.

A stock solution of Na-K phosphate buffer was prepared by
adding 1.48 L of 0.1 M NaOH (prepored from NaOH pellets,
(Haker analyzed reagent, ,J. T. Baker Chemical Co.. Phillipshurg,
N.J.)) to 2 L of 0.1 M K,HPO. (Boker analyzed rcogent) ond
diluting to 4 L with distilled water. Urea solutions were prepared
fresh doily by dissolving 9.3 g EDTA. disodium salt dihydrate
(Baker analyzed reagent) and urco (Ahsolute l(1'ode. /lascarch Plus
Laboratories. Denville. N..I.) in phosphate buffer und diluting to
500 mL. Urease (Type IV from Jock Beans. Sigma Chemical Co.,
St. Luuis. Mo.) solution was prepared by dissolving 0.15 g of the
enzyme and 1.86 g Na, EDTA·2 H,O in 100 mL of phosphate
huffer. The solution \\'8S stored at 0 °C when not in use and could
be used for 2-3 days withuut noticeable loss of activity. Mercury
metal (triple distilled) was ohtained from Belmont Smelting and
/lefining Works, Rrooklyn, N.Y., and was used without any further
purificat.ion.

Apparatus. 1\vo TEP's were constructucd hy sealing a 2000·n
Veco Thermistor (Victory Engineering Co., Springfield, N.J.) in
a lj·shnped glass tube with epoxy cement. Figure 1 shows the
deloils of the TEP. A I.O·V power supply (Heathkit Modell P·27
Regulated dc power supply) powers the differential \\'heatstone
bridge. to which the TEP's are cunnected. \Vhen n change in
temperature occurs at the surface of one TEP, the imbalance
"'ollage of the bridge appears on t.he grid of the microvoltmeter
(Keithley Instruments Microvohmetcr no. 155). The output of
the microvoltmeter is then recorded by a Perkin·Elmer no. 56
Recorder as a displacement from nn initial steady·state value.

A Perkin· Elmer Model :160 Atomic Absorption Spectrometer
was used for all Hg(ll) determinations.

Procedure. Urea and pure buffer solutions were placed in
500-mL Erlenmeyer flasks. which were allowed to come to thermal
equilibrium by ploccment in a thermostated hath (25 ± 0.001 'Cl.
One TEP was placed in 100 mL of urense solution for 5 min.
Excess urease was then washed off the probe with phosphate
buffer. The probes were then placed in the thermostated buffer
solution and allowed to come to thermal equilibrium 00--20 min).
The equilibrium temperature was noted on the strip chart recorder
as the base line. The probes were then rapidly removed from the
buffer solution and placed into the urea solution. The change
in temperature was recorded as the final steady stote temperature,
relative to the hath temperature (base line).

Mercury (HK(lI» in t.he urea solutions was determined by the
standard additions procedure using flame atomic absorption
spectrometry.

RESULTS AND DISCUSSION
Figure 2 illustrates the typical response of the TEP. It is

noted that two probes are used so that a differential reading
is mode. This is to ensure that"T readings are indeed due
to only the reaction at the Hg-urease interface and not to bath
temperature nuctuations. The response of the probe is on
the order of 10-60 s. It is presumed thot the probe behaves
in the following manner. Urease adsorbs to the surface of the
mercury drop with some of its cawly1.ic activity intact. When
the probe is placed in an unstirred solution of urea, the
hydrolysis reaction occurs with the simultaneous evolution
of heat. Assuming a diffusion controlled reaction, the
temperature increase at the interface depends upon the bulk

0003-2700179/0351-0204$01.00/0 e 1979 Arnorican Chemical Sodety
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Figure 1. Construction of the TEP. Details given in text

Figure 2. Recorder response 01 TEP for a 10.0 mM urea solution

F9'r8 3. Schematic representation of the TEP stSface and surroundings

concentration of Ufea plus the ~i of reildion. Fig-ure:i gives
a schematic description of the TEP surl'il<:t.' and surroundings.
Any heat produced at the interfare will flow into both the
mercury and analyte solution. Fortunately, the heat flow \\-'ill
be partitioned according to the thermal conductivity uf water
and mercury. Since this ratio is in favor of the mer(:ur~.. by
8 13.6:1 factor (Ui), the mercury will rapidly llssume the
temperature of the interface. The temperat.ure prolilcs of the
regions surrounding the interface are given schematicall~' in
Figure 4. The dashed line in Figure' ·1 indicates the tem­
perature profile if mercury is replaced with glass. This in­
dicates why direct immohilization of enz~'mc onto the
thermistor head would not work, since t.he heat flow is not
preferentially directed toward the thermistor. In addition,
the low heat capacity of mercury (J 7) allows the mercury
temperature to more closely approximate the temperature at
the interface.

Figure 5 illustrates the response of the TEP with urea
concentration. A least squares plot of the data shows a
correlation of 0.965. The nonzero intercept (-0.05) is well
within the maximum accuracy of measurement and can, for
all practical purposes, be neglected.

It was discovered that, at higher urea concentrations (40-70
mM), the response of the TEP decreased. Preliminary
calculations have indicated that, in urea concentrat.ions in
excess of 30 mM, NH3 is produced in such quantity al the
interface (> I mM) as to effectively iohibit the hydrolysis
reaction (I5). The truly nondestructive characteristic of the
TEP is dearly demonstrated by a calculation which shows
that, for a 10 mM urea solution, 230 trials (60 s/tria!) would
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Flglle 4. Schematic representation of temperatlXe profile In the regions
surrounding the Hg-solution interface. Dashed line represents profile
if Hg is replaced with glass

..
..

Figure 5. TEP response vs. urea concentration plot. Intercept of the
data (-0.05) is negligible. Least squares slope and correlation were
0.260 and 0.965. respectively

00'

0'0

Figure 6. TEP response vs. reciprocal weight of Hg plot. Data were
obtained fOr a 10.0 mM urea solution. Least squares slope and
correlation were 0.0492 and 0.923, respectively

he necessary to obtain 8 5% reduction in urea concentration.
It was suspected lhat the mass of mercury would affect the

respon~e time and, more importantly, the average temperature
sensed by the thermistor. This occurs since it would take more
heat to cause a given temperature change as the mass of
mercury increases. Since the heat evolved is directly pro­
portional to the product of the mass of Hg and the change
in temperature, a plot of tJ.T vs. Ilmass should be linear.

Figure 6 demonstrates the response of the TEP with the
reciprocal of the weight of Hg on a 10.0 mM urea solution.
A least squares plot yielded a correlation value of 0.923 with
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Figure 7. Rasponse 01 TEP In a 10.0 mM lI'ea solution, without urease
renewal. Probe remains active for four trials

. .
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Figure 8. Response of TEP In a 10.0 mM urea solution after renewal
Olll'O856. Hg drop was not chenged lor renewal. Probe remains active
lor 8 trials

an X -intercept of -0.229. This somewhat poor corrleation
value may be due to, in part, the difficulties of weighing the
Hg drop after it has become wet. However, the correlation
is sufficient to demonstrate the dependence of tiT on the
weight of Hg which corresponds to the model presented.

The stability of urease after adsorption onto the Hg drop
was examined by recording the response of the TEP which
was immersed, repetitively into a 10.0 mM urea solution.
Figure 7 illustrates this point. It is shown that the probe
remains active for about four trials and then tails off rapidly.
This shows that the urease either degrades or dissolves after
five trials. This is not a drawback, however, since the enzyme
layer is easily renewed by immersion of the probe into the
enzyme solution.

Since it was time-consuming to renew each Hg drop per
trial, the response of the 'fEP was investigated when the same
Hg drop was used for the adsorption site on a single trial.
Figure 8 shows the response of the TEP, using the same Hg
drop, on a 10.0 mM urea solution. The urease interface was
renewed for each trial by immersion in the enzyme solution.
Excluding trial no. 5, the response of the TEP appears to be
constant for 8 trials. Loss of activity after this point may be
due to modification of the enzyme-Hg interface and/or

Table I. Determination of Hg(lI) in Urea Solution by
F1ame Atomic Absorption Spectrometry

wtHg
solution in 100 conen,

no. mL, IJg ppmo

1 0.20 2.0
2 0.21 2.1
3 0.18 1.8
4 0.20 2.0

a Mean (He) =2.0 ppm. Std. dev. =0.13.

enzyme inhibition by the products of the hydrolysis reaction
(11,15, 18). In addition, it has been calculated that after 3
trials the effective concentration of EDTA is reduced to zero
by complexation with Hg(II).

It has been shown that heavy metal ions seriously inhibit
the reaction of urease and urea (19-21). This necessitated
the careful cleaning procedure and the use of EDTA in all
solutions. It was found that when EDTA was not used, the
p!Obe sometimes failed to respond. It was obvious that the
Hg metal was a source of possible Hg(II) contamination. Table
I shows that Hg(ll) was indeed introduced to the solution by
the mercury drops. A urea-buffer solution was used as the
blank for all trials. A 2 ppm (l X 10 S M) concentration is
indeed large enough to effectively inhibit ureuse (22).

CONCLUSIONS
At present, the probe has been used only on pure analyte

solutions. The reason is that the construction of the probe
necessitates the use of very large sample volumes. A new
probe design is underway which utilizes the properties of 8

copper-clad ··thinistor·· wafer. Once a mercury-copper
amalgam is made, urease will be easily adsorbed onto its
surface (12). It appears that this probe will be ideally suited
for small sample volumes. Results of this will be reported
later.
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Solvent Extraction Method for Determination of Thorium in Soft
Tissues

Narayanl P. Singh: Shawkl Amln Ibrahim. Norman Cohen, and McDonald E. Wrenn

Institute of Environmental Medicine. New Yorlc University Medical Genter. 550 First Avenue. New Yorlc', New York tOO 16

A slmple, precise and accurate analytical technique has been
developed lor the determination 01 thorium Isotopes In soil
tissues. The m_ conslsls 01 prelh*lary nitric ackI dlgeslJon
01 tissues aller adding ""Th tracer, lollowed by a mixture 01
nitric and sullurlc acid with occaslonal addition 01 hydrogen
peroxide; thorium Is then copreclpltated with Iron carrier by
ammonium hydroxide. The precipitate Is washed untlllree 01
sullate Ions, dissolved In 1:1 HNO, and tlnally adjusted to 4
M HNO,. Thorium Is extracted twice Into 25 % trllaurylamlne
(TlA) In xylene (pre-equilibrated with 4 M HNO,) and
backwashed twice with 10 M HCI. The aqueous phase Is
evaporated to amosl dryness, treated with H,sO, with frequent
addition 01 a lew drops 01 HNO" and electrodeposlled onto
a platinum planchet prior to ex spectrometry with a surlace­
barrier slilcon detector. The Iinaltotal recovery ranged Irom
24-93 % with a mean 01 65 % In 28 samples. Yield appeared
to be Independent 01 total Iron when 10 to 100 mg Fe were
added, and Independent ottha amount 01 added tracer. The
natural 22"Th content 01 three different beel Iver samples was
1.3, 1.4, and 3.0 pCl/kg wet weight.

The radiological impact of plutoniom contamination in the
environment has been discussed widely but thorium. another
actinide element, chemically and biologically similar to
plutonium, has been largely ignored. This may be due to the
fact that the radiation dose to human tissues from natural
thorium is significantly lower than that from other natural
a·emilting nuclides.

Natural thorium is distributed widely in our environment;
it is essential to quantitate the thorium content of human
tissues because of our need to be able to evaluate the accu­
mulation of this element by man from his environment. To
assess the content of the thorium nuclides 22&I'h. ~"'Th, and
""Th in human tissues, a new analytical technique has been
developed. The methods available for the determination of
thorium in tissues are limited. Petrow et al. (1) described an
indirect technique for determining "'-'Th which takes a
considerable amount of time and is limited to only one isotope
of thorium. Another procedure described by Petrow and
Strehlow (2) is a colorimetric method for total thorium and
again does not measure the isotopic composition. Sill (3, 4)
has reported techniques for determining thorium in soil and
ore samples and Percival and Martin (5) developed a method
for assay of thorium isotopes in environmental and process
waste samples. No method has been available. however, for
the multiple isotopic determination of thorium in biological
tissues. Therefore, a simple, precise and sensitive analytical
technique has been developed in this laboratory for the si­
multaneous determination of all a-emitting isotopes in tissues.
Trilauryl amine is chosen as the extracting agent because of
its successful use for the determination of plutonium in soft
tissues (6).

EXPERIMENTAL
Reagents and Apparatus. All the reagents used are of

analytical grade. Trilauryl amine (TLA), Matheson, Coleman and

Ben manufacturing chemicals (MC/B); a 25% TLA solution is
prepared in xylene and shaken with 'I, volume of 4 M HNO, for
10 min. The organic phase is separsted and centrifuged before
use. A stock solution of TLA cannot be stored since it begins
deteriorating after 24 h. Once it is eqoilibrated with 4 M HNO..
it must be used the same day. Dilute acids sucb as 2 M H,sO,.
3 M HNO" and 10 M HCI are prepared by appropriate dilution
of concentrated acids with deionized. distilled water. Thorium·229
tracer (this tracer has 8.1 "7. 22STh on activity basis). metbyl red
indicator, platinum planchet, nickel disks. electrolytic cell,
electrolytic analyzer (motor driven platinum electrode and a power
supply) were used.

Sample Preparation. Transfer 500-1000 g of tissue to a 4-L
beaker and add 1-2 dpm 2l9Th tracer. The suitability of this tracer
has been demonstrated in our earlier work (7). Add just enougb
concentrated nitric acid to immerse the tissue, and cover the
beaker with a watch glass. Heat gently on a hot plate with
magnetic stirrer until frothing ceases. Raise the temperature
slowly to approximately 100 °C and continue heating until the
volume is reduced to approximately 100 mL. Heat at a higber
temperature while occasionally adding concentrated nitric acid
(0 few drops at 8 time) until a clear solution is obtained. Add
200 mL 1:1 HNO, and H,SO. mixture and heat vigorously until
nn the nitric acid is driven off. Add a few drops of HNO, oc­
casionally with constant heating until 8 clear colorless solution
is obtained ensuring almost complete decomposition of organic
materials. (Addition of a few drops of H,O, along with nitric acid
helps in faster decomposition of organic materials.) Remove most
of the sulfuric acid by evaporation. without going to dryness, before
proceeding further. In case of lung and lymph nodes. heat the
tissue samples further with HF. after HNO,..H,sO, digestion, and
then remove HF by continuous heating.

Procedure. Add 200 mL of 1:3 HCI to the clear solution of
the tissue and boil for several minutes. Cool and add 10 109 of
iron carrier (as I mL FeCI,) and swirl the beaker for proper mixing.
Add concentrated ammonium hydroxide very gently until pre­
cipitation is complete. The precipitate must be allowed to settle
completely overnight to avoid any loss of Fe{OH), precipitate.
Remove the supernatent by centrifuging the precipitate in a 5O-mL
centrifuge tube. Dissolve the precipitate in 4-5 mL of con­
centrated HNO, and reprecipitate Fe(OH), with ammonia.
Thorium is coprecipitated with iron along with some other metals
present in the tissues. Repeat the precipitation and dissolution
until the sopernatent, after Fe(OH), precipitations, is free of
suIrate ions. Dissolve the precipitate in a minimum volume of
concentrated nitric acid and determine the acidity of the solution
by titrating an aliquot (100 ~L) against a standard sodium by­
droxide (O.l N) solution. Adjust the acidity to 4 M by adding
a calculated volume of nitric acid of appropriate concentration.

Solvent Extraction. Extract thorium from the solution,
obtained after dissolving the Fe(OH), precipitate in HNo, (acidity
adjusted to 4M), with an equal volume of 25% TLA solution in
xylene by shaking for 10 min in a 5O-mL polyethylene tube (TLA
solution was equilibrated with 4 M HNO, before use). Centrifuge
for 10 min and remove the aqueous phase into another 5O-mL
polyethylene tube. Extract the aqueous phase once agaln with
25"70 TLA for 10 min and centrifuge for 10 min. Separate and
discard the aqueous phase. Mix the organic phases from the rust
and second extraction and backwash thorium from the TLA phase
by shaking it with 10 M HCl for 10 min (vo)ume ratio 1:1).
Centrifuge the tube and transfer the aqueous phase into a 100-mL
beaker. Repeat the backwashing once again from the TLA phase
with 10 M HCI and transfer the aqueous phase to the same beeker.
Evaporate this aqueous solution to a smaller volume and then
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93, 4
90, 5
49 J 3
78 ' 4
';9 ' 4

recovery. %

2.63, 0.12
2.54 . 0.13
1.39 .' 0.09
2.20,0.12
1.68 , 0.11

2.822
2.822
2.822
2.822
2.822

added found
amount of

Fe added, mg

10
25
50
7:)

100

106
140
140
140
140

amount of
tissue, g

6
9

10
II
12

sample
no.

Recovery of 2 nTh Added to Beef Li\'er as a Function of Iron Added to the Sample

Amount of JJ~Th, dpm

Table I.

recovery, %

24, J
50, 2
76.' ,1
28, 4
7'; , 6
93, ·1
93, 'I
81 , 3

l1l<.>an 65%

found

3.39 , 0.14
3.51,0.14
2.69,0.1';
0.49 , 0.06
1.06, 0.09
2.63 , 0.12
3.93, 0.16
·1.55, 0.17

added

H.11
7.055
3.527
1.76'1
1,ol11
2.822
,1.233
5.6'14

amount of
Fe added, m~

amount. of
tissue, g

1 130 10
2 130 10
3 130 10
4 130 10
5 106 10
6 106 10
7 106 10
8 106 10

sample
no.

Table n. Recovery of u"Th in Beef Liver with Variable Amounts of Added Tracer (n"Th)

Amount of ~;"Th. tIpm

add 10 mL of2 M sulfuric acid nnd heal. Once the hlack dnlplets
are seen noating on the surface. add concentrated HNO:1 and 307t
H20" drop by drop, along lhe side of lhe beaker. This addilion
enhances decomposition of the organic mnterial noutin~ un the
surface. Add HN03 occasionally. until all tht> UfJ,:ullics arc
completely decomposed. Continue heatin~ to 1l1most dryness.

Electroplating. Apparalu,/j. The plating apparatus (81
consists of an elongated 22-mm cap which holds u I-oz puly­
ethylene bottle with the bottom removed. The cup IlHS ~pnce for
an IS-mm diameter platinum plating disk and a nickel ~upp()rtillg

disk. This may be firmly screwed into the polyethylcnc bottle
forming a leak proof plating cell. A threaded brass brushin~ is
molded into the cap which makes the electrical cuntact with the
platinum disk calhode by clip leads. The enlire cell is sUPlxlrted
by a heavy brass base which is employed to fix the cell in the ice
water bath. The anode is a 1.6-mm platinum-iridium rod. 4 inches
long with a half-inch diameter platinum disk riveted at one end.
(This dimension is not critical.) The disk is provided with a
number of 0.3·mm holes. It is connected through a constant SJlcc.<f
stirrer to the positive outlet of the power SUI>ply which furnishes
a constant current ranging from 0-10 A and a voltage ranging from
0-36 V.

Procedure. After backwashing thorium from the TLA phase
with 10 M Hel and decomposing the organic materials entrained
with lhis Hel solution, evaporate it to dryness. Add 1 mL 2 M
H,sO, and heat gently at a luw temperature on a hot plate.
Transfer this solution to the plating cell. "'ash two timf"s with
I mL 2 M H,sO, and transfer lhe solution to the plating cell. Add
one drop of methyl red indicator and titrate with 1:1 ammonia.
drop by drop, to a yellow end point. Procautions should he taken
not to add an excess of ammonia. Bring back to red hy adding
2 M H,sO, dropwise and add 3-4 drol>S in excess to gel the
required pH of the plating solution. The total volume of the
plating solution should be restricted to 3-4 mL as larger volumes
were found to produce poor electroplating recovery. Electroplate
thorium at an initial current of 1.2 A for 1 h. Quench the
electrolyte with 3-4 drops of ammonium hydroxide at the end
of I h. Dismantle lhe cell and rinse lhe platinum disk with waler
followed by alcohol. Flame the disk to red heat over a burner.
Determine the recovery and the isotopic composition of thorium
by counting the disk in an cr spectrometer with a surface barrier
aiJicon diode.

RESULTS AND DISCUSSIONS

Since not much information was available on the isotopic
determination of thorium, a new method was developed in
which lhorium was extracted into TLA, backwashed with 10
M HCI, converted to sulfate wilh H,sO, and electrodeposited.
Accordingly, it was essential to find lhe most favorable acid
concentration for the ""traction of lhorium since every solvent

extraction sy~tcm is greatly influenced by acidity. In lhis
sVRtcm 2:!'Tfh tracer was extracted into 25% TLA solution in
x'ylene from nitric acid ranging from 1-8 M. The best ex­
traction efficiency occurred at·1 M. \Vhen the extraction was
carried from the heef liver where thorium \\o'8S coprecipitated
with 100 mg Fe carrier, after the complete wet ashing of tissues
with n mixture of H~S04-HNO:I't.he recovery of thorium was
reduced. It wos probably due tu interference from iron, which
wus added into the system for coprecipitatioll of thorium, or
the trace metals available in the tissues which are copre·
cipit.ated with iron along \'lith thorium, or possibly both.

A separate experiment was cunducted to ilwcstigate whether
iron interfered in the extractiun and, hence. in the final re­
cm'ery of thorium. About 2000 g of tis..c;ue were wet ashed until
free of all organics and lhe volume was made up 10 1000 mL
10 give 100 g of tissue/50 mL of solution. Aliquots of 50 mL
were placed inlo five different heakers and spiked with 2.8
dpm of 2'~h each. Iron was added in amounts varying from
10 to 100 mg for coprecipitation of thorium. and extraction
and electrodepusition were carried out as described earlier.
Comparing lhe results in Tables I and 11 shows lhatlhe range
of variability in yield with low iron content. (10 mg added)
exceeded the different in yield observed when a range of
10-100 mg Fe is added. Hence, the extraction yield does not
depend greatly on the iron content of the samples. One
hundred mg of iron is the amount present in about 200 g of
normal human blood (9). Accordingly. with tissue masses to
be analyzed up 10 500 to 600 g, it is unlikely that the en­
dogenolls iron content will exceed the amuunt we have added.
In IllI further experiments, therefore, the amount of iron added
fur coprecipit.lltion of thorium was maintained at 10 mg.

lt is Illso possible that some of the tmce metals which might
be coprecipitnted with iron may interfere in the extraction,
backwashing, and electroplating of lhorium which would
accordingly differ depending upon the quantity of the tissues.

Thorium-232 can interfere with the electrodeposition
process if present in amounts exceeding 100 ~g (5). However,
this large amount is unlikely in reasonable size samples of
human or animal tissue. For example, it is estimaled that lhe
tolal body content of thorium of a normal man is <120 ~g (10).

Since the specific activity of ''''Th is very low (1.09 X 10-7

Ci/g) compared to other thorium isotopes, any mass due to
thorium in the electroplating step will be mainly due to ""Th.
To equal a mass of 100 ~g, the activity of 23'Th required is
10.9 pCi. This is much higher than that expected in kilogram
quantities of normal biological samples. Even though the
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Table 111. Recovery of ::"Th Added to Beef Liver with Varying Amount.s of Tissue Masa

sample amount of amount. of Amount of u"Th, dpm
no. tissue, g Fe added, mg added found recovery. %

6
13
14
15

106
140
280
560

10
10
10
10

2.822
2.822
2.822
2.822

2.63,0.12
1.89,0.10
1.94, 0.11
1.99,0.11

93,4
67,4
69, 4
71 , 4

Table IV. Results of Replicate Analyses of Thorium-228 Content of Three Beef Livers with Varying Amounts of Added
1'llOrium-229 Tracer

percent
recovery natural : l'Th in naLural I1'Th pCi/kg

sample no. trclccr :l~Th total ))~Th.CI dpm liver, dpm beef liver

A·I 24 .' 1 1.65 , 0.05 0.46 , 0.22 1.59, 0.78
A·II 76,4 0.62, 0.06 0.32, 0.08 1.12 ,.0.29
A·lIJ 28 , 4 0.76, 0.04 0.5<11 0.16 1.86, 0.56
A·IY 75, 6 0.51 , 0.06 0.38 • 0.08 1.61 , 0.33
A·Y 93 . 4 0.50 . 0.01 0.27 , 0.06 1.14 , 0.25
A·Yl 93 ' 4 0.66' 0.0·1 0.30 , 0.07 1.27 1 0.30
A·YII 81 3 0.76 1 0.05 0.29 ' 0.08 1.20 1 0.35

me,lIl 67% mean" 1.40 , 0.29

B·I 901 5 1.13 , 0.07 0.89, 0.10 2.85 1 0.33
B·II 49· 3 1.09, 0.09 0.84, 0.14 2.71 , 0.44
B·lIJ 78· 4 1.15 , 0.07 0.91,0.11 2.92 1 0.37
B·IY 59· 4 1.38,0.10 1.14,0.16 3.65 1 0.50

mean 69% mean ~ 3.03 , 0.42

C·I 6714 0.70 1 0.05 0..15, 0.08 1.46 , 0.26
C·II 6914 1.10, 0.07 0.85 . 0.11 1.37 , 0.17
C·lIJ 71 , 4 1.65 , 0.08 1.39· 0.14 1.12 1 0.11

mean 69% mean" 1.32,0.18

o Total ::~Th represents Ihal. naturally occurring plus that added as a contaminant in the tracer.

where RI =total count rate in the 22BTh region. R. =count
rate in the 22BTh region due to tracer, and Rs ; count rate in

Since the count rate (R) in the "-'Th region includes that
contributed by ""'Th contamination of 229'fh tracer, which is
added in order to make a radiochemical detennination of yield
('28Th/,"'Th = 0.0814 on an activity basis) and also the
background, Hence.

llr ""Th in delectable amounts. The 229'fh observed probably
was the decay product of ""Ra which is absorbed much more
readily.

The precision of this analytical technique can be seen from
the results of replicate analyses on the same pooled liver
samples (Table IV). The standard deviation was within the
error of an individual analysis.

The acti"ity associated with the individual analyses were
calculaled as follows:

(3)

(2)

(1)
R

A = 1'EY

R = R, - R, - R,

where A = Ihe activity of '28Th in beef liver, R = the count
rate in the '''''Th re~ion from 22BTh in beef liver, E = the
efficiency of the counter, and Y = the radiochemical yield.
The product EY is equivalent to the cpm observed/dpm
added of the tracer. l' is the factor to convert dpm I<> activity.

The propagated random error in A cnn be obtained from
Equation I by the standard means of propagating error for
products and quotients nnd is:

s'A s'R s'(E)'}-;-+--
A' R' (£)').

variation in the 2:.~h acti\'ity should not significantly affpct
the mass, a number of analyses were performed with varying
amounts of added ''''Th (1- 14 dpm) and the recllveries did
not show any correlation with the amount of :!:....JTh ~piked

(Tahle II). The analvses in Tahle II are useful tu shuw the
variability in yield w'ith equal tissue masses.

\Ve wished to show how sensitive the measurement might
he mnde and accordingly invcstig-ated whether the analysis
of masses larger than 100 ~ would result in a decreased ex·
traction efficiency. Accordingly, var);ng masses of tissue from
the same aliquot of beef liver in solution (from 100 tu 560~)

were analyzed u~ing equal activities of tracer for each analysis,
and 10 m~ of added irun fur each aliquut. In Table Ill. the
variahility in yield with increased mass wus less than the
among eight roughly equal masses between 130 and 106 g. In
fact, the yield was the same within c{lunting error for masses
of 140. 280, and 560 g of tissue. This was probably furtuil11us,
but demonstrates that wet weight uf 0.6 kg can he analyzed
without loss of yield.

Uranium is not extracted appreciably into TLA because of
its low distribution coefficient and plutonium which is ex·
tracted into the organic phase is not backwashed with 10 M
He!. Thus thorium is separated from uranium and plutonium
without any interference. The details have been included in
our earlier paper (6). Also. 229'fh and ""Th are well resolved
without any spectral interference; however, a thick masseous
plate may cause sume interference (7).

Replicaw analyses were performed on three different beef
liver samples and the results are summarized in Table IV.
The natural '28Th content of three beef liver samples de­
termined in replicate were 1.32 ± 0.18, lAO ± 0.29. and 3.03
± OA2/kg wet weight. Thorium-230 and ·232 could not be
dewcled in these liver samples which may be due to the fact
that these animals were not old enough to have absorbed~h



.'(lI) = 5'(R I) + s'(R,) + .'(R,) (8)

where C t is the total number of counts in the Z2'1Th region in
counting time ii_

and s'(R) can now be readily calculated hy combinin~

Equations 5 and. i with 8.
The cpm ohserved/dpm added is the product EY, so that.

if E is known. then I' may be calculat.ed. In fact,

R3 is the bock~round count in --)000 min Uhe average
counting time used for background); hack~round counts are
less than I, sO that ,,'(R,) is of the order of 10 6 and can he
neglected for our system.

By the standard rules for propagation of error for sums and
differences, the random error associated with R from Equatillll
3 is:

(9)
Roy=­
ET
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s'(R,) ,,'(F) ,,'(//.)
--=--+--

R,' F' R,,'
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the 228Th region due to background.
The count rates of sample and background are simply:

C, C,
R, =~ and R, = t; H)

and the estimate of the standard deviation:

s(H,) =JC,/t
"

sIR,) =Vf,/t:l (.';)

Determination of Benzidine, Dichlorobenzidine, and
Diphenylhydrazine in Aqueous Media by High Performance
Liquid Chromatography

R. M. Riggin' and C. C. Howard

Organic. Analytical, and Environmental Chemistry Section. Battelle's Columbus Laboratories. 505 King Avenue. Columbus. Ohio 43201

A high performance liquid chromatographic method Is de­
scribed for Ihe determination of benzidine, 3.3'-dlchloro­
benzkIne, end 1,2-dlphenyllydraztne In aqueous media. These
compounds can be assayed ellher by direct InJection, or by
solvent extraction or resin adsorption of the aqueous sample
prior 10 analysis wllh detection IImlis 01 le8s Ihan 1 "gIL.
linearity, precision, end specIIclly oIIIle method was excellent
and no Interferences were encountered In Ihe several
wastewaler samples analyzed. Dlphenyl1ydrazlne was lound
10 be extremely unslable (half lime lor disappearance ap­
proxlmalely 15 min) In wastewater, Ihus making lis analysis
extremely dlllicull and 01 limited practical value.

The discharge of hazardous industrial ernuents into the
environment has focused a great deal of attention toward the
monitoring and control of such emuents. In this vein, the U.S.
Environmental Protection Agency (EPA) has established a

list of hazardous organic chemicals (priority pollutants) which
are likely to be present in certain industrial aqueous ernuents,
and thus should be monitored in these ernuents. For this
reason, there is need for relatively specific. sensitive procedures
which can be utilized in the routine analysis for these com·
pounds in aqueous media.

This paper deals specifically with the analysis of the three
basic priority pollutants: benzidine, 3,3'-dichlorobenzidine
(DCB), and 1,2-diphenylhydrazine (DPH). Benzidine and
DCB, a.s well a.s various other aromatic amines, have been used
extensively in the synthesis of dyes and DPH is an inter­
mediate in the synthesis of henzidine. All three of these
compounds are suspected carcinogens and thus their presence
in the aqueous environment is of particular concern to human
health (1).

Various methods have been published for the analysis of
benzidine and DCB while no methods for DPH analysis have
been reported. In one study, colorimetric, thin-layer, and gas
chromatographic procedures were evaluated for the analysis
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of benzidines in natural waters (2). Gas chromatography with
Oame ionization detection (FID) was found to be the preferred
method, with a detection limit of 2-3 /lg/L. More recently,
gas chromatography (FID) and spectrophotoOuorimetry were
used for benzidine analysis in a variety of matrixes, with
detection limits in the low microgram per liter region (3).

Recent application of best available technology to remove
toxic materials from industrial eCOuents has resulted in a need
for more sensitive analytical techniques having submicrogram
per liter detection limits for the analysis of benzidine, DCB,
and DPH. Several approaches could be used to extend the
detection limits of the gas chromatographic methods reported
(colorimetric procedures Bre too nonspecific at low concen­
trations and will not be considered further). The use of a more
sensitive and specific detection system such as alkali flame
detection has been applied to certain amines at lower levels
than are possible with FlO (4). Fluoracylation of amines
followed by gas chromatography with electron capture de­
tection has also been employed at picogram levels (5). Neither
of the above approaches has been reported for tbe compounds
of interest. However, we have evaluated both of these ap_
proaches in our laboratory and have found: (I) that the free
amines are not readily chromatographed at levels below 10
ng on column (and DPH decomposes instantaneously to
azobenzene in the injection port), and (2) while DCB is easily
derivatizcd by most Ouoroacylating reagents, benzidine and
DPH could not be satisfactorily derivatized.

An alternate approach which we have found far superior
is the use of reversed phase high performance liquid chro­
matography (HPLC) with electrochemical detection. We have
used this technique extensively for various compounds in
biological media (e.g., catecholamines) and found it to be
extremely sensitive (low picogram detection limits) and specific
for readily oxidizable compounds (6). Since the three
compounds of interest here are readily oxidized at a glassy
carbon electrode, it was felt that this approach should be
useful. The specific operational details of this technique have
been reviewed and will not be described here (7).

EXPERIMENTAL

Apparatus. The HPLC system used in this study was as­
sembled from modular components consisting of an Altex Model
IIOA Liquid Chromatographic Pump, a Rheodyne 7010 injector
with a 50·~L loop, a 4.6·mm i.d. x 25 cm stainless steel column
packed with Lichrosorb RP-2 (5-J.lm particle diameter), and an
electrochemical detector (Model LC·2A) equipped with a thin­
layer glassy carbon electrode (Model TL5) available from
Bioanalytical Systems, West Lafayette, Ind. Data were recorded
on a strip chart recorder and quantitative measurements were
based on peak height. The mobile phase reservoir consisted of
a single neck flask maintained at 30°C to reduce the amount of
dissolved air. A vortex evaporator (Model 3·2200, Buchler In­
struments) was used for concentrating small volumes of organic
solutions. The liquid chromatographic columns were slurry packed
using established methods (8).

Procedure. In order to ascertain the stability of stock solutions
of the three amines, l()()..ppm solutions of each of the arnines were
prepared and 4-mL aliquots were sealed in lO·mL glass ampules.
The ampules were stored in the dark at room temperature and
at 0, 30, 60, and 90 days tbree ampules of each solution were
opened and assayed by HPLC by comparing to freshly prepared
standard solution. Figure 1 shows the separation of benzidine,
DCB, and DPH by HPLC and lists the chromatographic con­
ditions used throughout this study.

The extractability of the three compounds from aqueous
solution was investigated using two different organic solvents and
three different pH levels. Aqueous solutions were 0.1 M phosphate
buffers at the appropriate pH. A 500-mL portion of the aqueous
solution was spiked with 10 ppb of the amines and extracted witb
50 and then 30 mL of organic solvent in a I-L separatory funnel.
The combined extracts were washed with 20 mL of water, mixed
with 20 mL of methanol, and concentrated to 5-10 mL on a
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Figure 1. Separation of DCB, DPH. and benzidine by reversed phase
liquid chromatography. Volume injected. 25 Sll; amount Injected. 3
n9 each; llow rate, 0.8 mL/mln; mobile phase, 50/50 acetonltr\le/pH
4.7,0.1 M sodium acetate buller; stationary phase, 4.6 rmll.d. X 25
cm RP-2 (S /lm); electrode potential, 0.9 V

rotating evaporator at room temperature. The solution was then
transferred to a 15--mL conical centrifuge tube and concentrated
to 2 mL on a vortex evaporator at 35 °C. The solution was then
diluted to 4 mL witb acetate buffer and analyzed hy HPLC.
Benzidine nod DPH were im'estigated separately throughout this
study since DPH can be converted to benzidine at low pH.

An alternate method which can be used for extraction of
wastewater in the field was evaluat.ed. Aqueous solutions were
adjusted to pH 7 with 0.2 M phosphate buffer. Ten milliliters
of the aqueous sample was passed through an ODS reversed phase
cartridge (Sep Pak C·18, Waters Associates) at a flow rate of
approximately 10 mL/min using a glass syringe. The cartridge
was then washed with 5 mL of distilled water (discarded) and
then eluted with 3 mL of methanol which was stored at -70 ·C.
When the sample was to be analyzed, the methanol was con·
centrated to 0.5 mL in a vortex evaporator, 1 mL of 0.1 M pH
4.7 acetate buffer was added. and the sample reconcentrated to
I mL and analyzed by HPLC.

The stability of the three amines in dilute aqueous solution
was investigated under various conditions including three pH
levels, with or without chlorine, and two temperatures. The
samples were spiked with 10 ~g/L of the three amines (benzidine
and DPH were studied separately as before) and stored at the
appropriate temperature for 7 days. The samples were then
extracted as described earlier. One half of the samples were spiked
with 2 ppm of NaOel. The samples stored at pH levels other
than 7 were adjusted to pH 7 prior to extraction by the addition
of either 0.1 M H,80. or NaOH.

A preliminary study was conducted to determine the feasibility
of monitoring the benzidines in water effluents by direct injection
(50 Ill) onto the HPLC system. Several actual wastewater samples
(I L) were collected in balf-gallon bottles containing 200 mL of
metbylene chloride, 5 g of KHSO., and 75 g of NaCI. The water
samples were - pH 2 (as a result of the KHSO.) and were
maintained at 4 °C until analyzed. Five milliliters of the water
sample was spiked with 50 ng of benzidine and DCB, nItered
through a 0.2·/lm filter (Millipore type GS), and injected onto
the HPLC system.

RESULTS AND DISCUSSION

The HPLC conditions shown in Figure 1 were found to be
quite satisfactory. The RP-2 column was found to be superior
to any other reversed phase or ion-exchange packing materials
(e.g., VYDAC TP sex, Whatman Partisil SCX, /l-Bonda­
pak-18, and Lichrosorb RP-8 and RP-18). Column efficiencies
of 5000 theoretical plates per 25-cm column for benzidines
were commonly achieved using RP-2 whereas none of the other
packing materials exhibited greater than 2500 tbeoretical



Table II. Extraction Sludiesb

Figwe 2. Linearity of response lor DPH. DCB, and benz.i:inc (see Fogu:e
1 for conditions)

. e..-,:",,··
n :1:tO":U",:.J'''!'
.:JI'.;

% recovery

benzidine DCB DPH
methylene chloride

0 80 9
0 69 33
0 77 0

0 7S:1 70. ]4, 16
68 99 75
81 84 82
81 99 58
76 104 60

76,8 96, 9 68, 17
92 101 75

103 104 79
80 82 82

92, 13 96,12 79, 4

chloroform

0 93 35
0 84 28
0 89 41

0 92, 3 35, 19
87 ~2 69
89 92 70
88 95 64
92 99 37

89,2 94, 4 60, 24
10 79 88 81

90 98 65
88 94 67

86, 7 93, 5 67, 16

rotary evaporation and vortex evaporation eliminated this
problem.

(3) Decomposition of benzidine occurred when concen­
trating it in methylene chloride or chloroform solutions. The
addition of 15% MeOH prior to concentration stabilized the
benzidine.

0. Average ± standard deviation. b Five hundred-milli·
liter volumes of aqueous solutions at the stated pH were
extracted with the organic solvent and the extracts assayed
by HPLC. Triplicate analyses were conducted in all cases.

10

pH
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Table I. Solvent Effect on Stability

% rccovcrytJ

day b('nzidine DCB DPH

methanol

0 85 90 81
87 90 81
84 90 81

85 ! 2" 90 81
30 108 105 0

94 93
95 105

99,8 101 , 7
60 92 87 0

95 87
93 86

93, 2 86,

90 93 92 0
97 90
95 90

95, 3 91, I

acetonitrile

0 100 102 109
98 95 100

101 98 80

100, 2 98, 'I 96, 15
30 96 88 0

102 92
93 99

97, 93 t 5
60 100 98 0

100 98
103 98

101, 98
90 98 101 0

99 100
98 101

98, 101 , 1

a Stability was determined by HPLC nnnlysis after vari­
ous staruRe ~eriods by comparison to freshly prepared
ilandards. AvcruRc i. standard deviation.

plates, Column lifetime for the RP-2 was found to be greater
than 6 months under the conditions used. Linenr response
for the three amines was acbieved over tbe range of 1-1000
ng as shown in Figure 2, Repeatability of eight replicate
injections was ±-2.8010 for each of the components at the 50·ng
level at a signal to noise ratio of 10.

Tbe results from tbe solvent stability study arc summarized
in Table I. It is readily apparent that benzidine and DCR
are quite stable in both acetonitrile and methanol. DPH was
found to be extremely unstable (half time of disappearance
less than 24 h) in all the solvents evaluated, including benzene,
methylene chloride, methanol, triethylamine, acetonitrile, and
acetic acid. Therefore it was necessary to prepare DPH
solutions fresb daily.

The extraction methodology was found to be a very delicate
area since numerous unanticipated problems developed which
led to low recoveries, especially for benzidine and DPH. The
stability of DPH was found to be a major problem, The
following are some of tbe otber problems encountered.

(1) Benzidine is substantially adsorbed on Na,sO. during
the drying of organic extracts. Although use of K,C03 cor·
recled this problem, elimination oftbe drying step was found
to be useful wben using HPLC analysis.

(2) Benzidine is heat labile so that Kuderna Danish con­
centration techniques gave unacceptable results. The use of



Table Ill. Preservation Date (after 7 Days Storage)

% recoveryb

benzi-
pH dine DCB DPH

2 room 80 90 0
temperature 94 85 0

87" 88 0
4°C 80 82 0

80 82 0

80 82 0
room 64 110 0
temperature 55 89 0

60 99 0
4<C 79 97 0

56 83 0

68 90 0
10 roonl 70 80 0

temperature 73 82 0

72 81 0
4"C 82 93 0

38 41 0

64 74 0
4.7 4"C 72 81 10

86 91 28

79 86 19

a Average. b Zero recovery was realized for the samples
spiked with 2 ppm NaOCI nnd therefore this data is nol
reported in the table. Fivc-millililf'r volumes of dist.illed
water at the stated pH were stored at either room temper­
ature or -1 "'C, in the dark, for seven days. The solutions
were then extracted and assayed by HPLC.

Figure 3. Chromatogams for direct injection of aqueous effluent from
an organic chemical plan\. (A) Spi<ed with 10 ppb DC8 and benzidine.
(8) Unspiked

The results of the extraction experiments arc summarized
in Table II. Chloroform at pH 7 was found to be the most
satisfactory extraction condition and was used for all further
work. DPH extraction was somewhat irreproducible due to
its instability during concentration. However chloroform
extraction at pH 7 gave an extraction efficiency greater than
50%.

The results of the preservation study are shown in Table
111. DPH was not stable «10% remaining) for longer than
I day under any of the conditions studied and thus it is not
included in the table. At each pH, DPH degrades to different
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Figure 4. Chromatograms for solvent extraction of municipal sewage.
(A) Unspiked. (8) Spiked with 10 ppb benzidine and DC8. (C) Standard
corresponding to 100% recovery of spike

r

L.L ~_

Figure 5. Chromatogram for resin concentration of municipaJ sewage.
(A) unspiked. (8) Spiked with 10 ppb benzidine and DCB. (C) Standard
corresponding to 100% recovery of spike

components (based on HPLC retention times) indicating that
se\'eral competing reactions are taking place in solution. At
pH 10, DPH apparently decomposes primarily to azobenzene;
at pH 2, it degrades to benzidine; and at pH 7, still a third
unidentified (oxidi7.able) component is formed.

None of the amines were detectable in the solutions to
which chlorine was added. A pH of 2 was found to give the
best results for benzidine and DCB. However. at pH 2, DPH
degrades to benzidine thus creating an undesired artifact. This
prohlem was overcome by employing 0.1 MpH 4.7 acetate
buffer where both benzidine and DCB are well preserved, and
DPH degrades to two unidentified components, not to
benzidine.

The three analytical approaches, direct injection. solvent
extraction, and resin adsorption were applied to actual
wastewater and/or surface water samples and the results are
shown in Figures 3, 4, and 5, respectively. Each of the
approaches was found to be quite effective. Direct injection,
while most susceptable to interferences, is very rapid and has
a detection limit of approximately I "g/L. Solvent extraction
serves to clean up and concentrate the sample to give a de­
tection limit of 50 ng/L or better. However, DPH is not
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Figure 6. Stability curve for DPH In municipal sewage

efficiently recovered by this technique (as described previ·
ously). Resin adsorption offers a detection limit of ap·
proximately 100 nglL and offers some degree of cleanup. The
primary advantages of resin adsorption orc its speed nnd the
efficient recovery of DPH (at least from distilled water).

DPH was found to be quite unsLable in aqueous solution
and even more unstable in wastewater samples. Figure 6
shows the stability of DPH in a municipal sewage ernuent at
the 100 ~g/L level. As shown, DPH disappears with a half
time of approximately 15 min without removal of oxygen and
a half time of 60 min when oxygen is removed by a nitrogen
purge. This result indicates that DPH analysis in wastewater
is virtually impossible and perhaps menningless since it is so
unstable. At lenst, the analytical result obtained will represent
the portion of intact DPH remaining at the time of analysis,
which will be quite different from the DPH level in the original
ernuenl.

CONCLUSIONS
The results of this study clearly show that HPLC with

electrochemical detection is a sensitive method for the analysis

of benzidine, DCB, and DPH in aqueous samples. These
compounds can be assayed by direct injection. solvent ex­
traction, or resin adsorption techniques at the submicrogram
per liter level. Direct injection is satisfactory in most cases
where 1 ~g/L sensitivities are adequate. Use of solvent
extraction results in a detection limit of 50 nglL, whereas resin
adsorption affords a detection limit of 100 nglL. The resin
adsorption technique has the advantage of being used in the
field, thus eliminating the need to preserve dilute aqueous
solutions of the compounds of interest and also avoids the
emulsion problems frequently encountered during solvent
extraction of certain wastewater samples.

While benzidine and DCB are relatively S!.Bble compounds,
DPH is extremely unstable and none of the approaches
described herein gave entirely satisfactory results.
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Determination of Trace Level Arsenic(III), Arsenic(V), and Total
Inorganic Arsenic by Differential Pulse Polarography

F. T. Henry. T. O. Kirch. and T. M. Thorpe"

Department of Chemistry, Miami University. Oxfont, Ohio 45056

Speciation of As(IIl), As(V), and total Inorganic arsenic
(As(tot» was achieved by differential pulse polarography.
As(III) was detennlned directly In 1 M HClO. or 1 M HCI. Total
Inorganic arsenic was measured In eUher of these supporting
electrolytes after prereductlon of electrolnactlve As(V) with
a boiling solution of NaHSO,. As(V) was evaluated by dif­
ference. The efficiency of reduction ranged from 93 % to
109 % for concentrations 01 As(V) ranging from 24 ppb to 4.9
ppm. Standard deviations for the procedure were less than
5.2%. The detection limit In the HCIO.-HSO,· reduction
medium was 20 ppb; In HCI-HSO,- It was 7 ppb. Relative
errors for the determinations 01 As(lII) and As(tot) ranged
from 0% to 19.2%. Interterences from Pb, Sn, and TI were
accounted for by a blank determination employing Ce(lV);
Interterence from the breakdown of monomethylarsonlc acid
(MMA) during the preliminary reduction was not &lgnltlcant at
concentrations of MMA which nonnally occur In natural waters.

Traditionally, determinations of the total content of arsenic
in environmental specimens have been considered adequate
to assess the presence, amount, and behavior of this element.
Spectrophotometry, atomic absorption. and neutron activation
have been employed as tbe anslytical tecbniques after pre­
treating samples to convert all of the arst!nic present to in­
organic arsenic (1-3). Recent research (4-7) has shown that
the predominant arsenic-containing species found in natural
aqueous systems are: inorganic arsenate and arsenite, and
organic dimethylarsinic and monomethylarsonic acids.
Furthermore, the distribution of arsenic among these chemical
forms is dynamic with interconversions between the species
taking place via chemical and biochemical oxidation-reduction
reactions, and by means of biochemicsl methylation-demeth­
ylation (4,8-10). These observations, coupled with recognition
that the toxicity, carcinogenicity, transport, and bioavailability
of As are highly dependent on the chemical form of the el­
ement, have prompted development of analytical methods
cspable of distinguishing between species of arsenic which exist
as part-per-billion levels in environmental media.

Spectroscopic techniques, when used with preliminary
oxidation or reduction reactions, hydride generation, or
liquid-liquid extraction yield speciation data on arsenic (1-3,
11-17). The preliminary operations make it difficult to
quantitatively recover very small amounts of As and they may
be cumbersome when dealing with large numbers of samples.

Gas chromatographic procedures have been reported for
the selective.determination of organic and inorganic arsenicals
(5, 18-23). These methods require preparation of volatile,
thermally stable derivatives. While all of the arsenic·con­
taining species mentioned previously have been determined
chromatographically in nanogram and sub-nanogram
quantities, molecular rearrangements of derivatives and

I Present address: The Procter & Gamble Company. Sharon Woods
Technical Center,ll530 Reed Hartman Highway, Cincinnati, Ohio
45241.

consequent losses of accuracy have been observed (2]).
Forsberg et al. (24), Davis et al. (25), Sulek, Zink, and

Delude (26), and Holak (27) have used anodic stripping
voltammetry (ASV) to determine As(l\l), Direct current
polarographic measurement of arsenic has been reviewed
extensively (28). Myers and Osteryoung (29) described the
differential pulse polaro~raphic (DPP) determination of as
little as 0.22 p,g/L As(III) in aiM HCI supporting electroly1e.
This method has been employed to measure As in raw sewage
and sewage sludge (30), fish (27), and foodstuffs (27). DPP
is sn advantageous technique because of its high sensitivity
for elements, such as arsenic, which do not form mercury
amalgams readily (29).

The polarographic determination of As(V) or total inorganic
arsenic requires preliminary reduction of the electroinactive
As(V) to electroactive As(III). Reducing agents which have
been suggested for this purpose include LiAIH. (3]), Zn­
amalgam (32), cuprous ion, hydrazine salts, and acidic Sl>­

lutions of iodide ion (24, 28, 29). Sulfur dioxide, derived from
a:l aqueous solution of HS03' has also been recommended as
a reductant. However, detailed reports describing the range
of conditions over which bisulfite reduction is applicable to
the determination of trace level As(V) have not been pre­
sented, nor have data on the use of such a prereduction to
speciate As(lIl) and As(V).

In this paper we report a method for determinstion of
As(lIl), As(V), and total inorganic arsenic by DPP. As(lII)
is measured directly in 1 M HCIO, or 1 M HCI. Total in·
organic arsenic is determined in either of these supporting
electroly1es after prereduction of electroinactive As(V) with
a solution of sodium bisulfite. As(V) is evaluated by difference.
Bisulfite was selected as the reductant since it reduces As(V)
rapidly and qusntitatively, and excess HSOi is readily re­
moved from the reaction mixture.

EXPERIMENTAL
Reagents. High purity arsenic trioxide was obtained (rom

ROC/RIC (Belleville, N.J.) and ultrapure arsenic pentoxide was
purchased from Alfa Inorganics (Danvers, Mass.). Standard
solutions containing 1 X 10'3 M As(III) or As(V) were prepared
by dissolving an appropriate amount of oxide in a minimal amount
of 3 N NaOH. The solution was acidified to pH 2 and diluted
to the desired volume with triply distilled deionized water. These
stock solutions were stable for at least three months. Working
solutions of 1 x 10" M As(III) or As(V) were prepared weekly.

High purity dimethylarsinic acid and monomethylarsonic acid
were obtained from Ansul Company (Weslaco, Texas).

A solution of 0.10 M Ce(lV) was prepared from reagent grade
cerric ammonium nitrate. Sixty·three grams of Ce(NH.),(NO,l.
were mixed with 30 mL of concentrated sulfuric acid. The paste
formed from this mixture was dissolved by slowly adding 500 mL
of triply distilled deionized water. After cooling the solution to
room temperature, it was filtered through a fine porosity sintered
glass filter. The filtrate was diluted to 1 L.

U.S. Environmental Protection Agency water reference
standards were prepared according to the directions supplied with
thOllC samples. Solutions of a commercially available trace element
standard (Eastman. Kodak gelatin multicomponent trace element
reference material TEG-50-B, Rochester, N.Y.) were prepared
by addition of a weighed amount of the standard to 25 rnL of triply
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distiUed ,deionized water. This mixture was heated gently until
solution was complete.

All other chemicals were reagent grade. All solutions were
prepared with triply distilled deionized wat.er. Glassware was
leached for 24 h with 1:1 HNO,.

Instru.mentation. A Princeton Applied Research Corporation
(Princeton. N.J.) Model 174A polaro~raphic analyzer and a
Hewlett-Packard (Avondale, ra.) Mode1704OA X-Y recorder were
used for all DPP determinations.

A Hach (Ames, Iowa) Model 8596 expanded scale pH meter
was used for all pH measurements.

Reduction of AI(V) with Bisulrile. The optimized pro­
cedure for determination of As(V) or fqr measurement of lotal
inorganic arsenic is described below.

The pH of an aqueous sample is adjusted to 3, either with dilute
HCI or·with dilute NaOH. Equal volumes of the ,ample and I
M NaHSO, are mixed to yield an HSO,' concentration of 0.50
M. Solid NaHSO, may be substituted for the ,olution of the
reducing agent, if desired. The pH of the mixture is readjusted
to a value of 3. The solution is boiled for 30 min with continuous
stirring. An air condensor is used to minimize evaporation (33).
After the reduction step is t'Omplete. the solution is cooled briefly
and sufficient HelD. or He) is added to neutralize the excess
HSO,' and to pro"ide a 1007, excess of acid. Tbe sample is boiled
for 15 min, with the air condensor remo\·ed. and with nitrogen
bubbling througb the solution to facilitate remo"al of SO,. After
the purging step, the solution is cooled and the acid concentration
adjusted to I M witb HCIO, or HCI.

Samples are split into two portions fur the determinations of
As(IlJ) and A,(III) plus As(V) (As(to!)). The first portion is used
for determination of As(lll) after it has been made 1 Min HCIO,
or Hel. The second portion is carried through the bisulfite
reduction procedure to measure As(tot.). Quantitatiun is per­
formed by the method of ,tandard additions.

Pb(ll), Sn(ll). Sn(lV). TIll), and TI(Ill) are potential inter­
ferences to the DPP measurements. After recording polarograms
for As(lll) or A,(to!) and for the standard additions used for
quantitation••ufficient Ce(lV) is added to the solution to oxidize
As(I1l) to polarographically inacti"e As(V). Another polarogram
is recorded to give the "blank" response arising- from the residual
current and from reduction of rb, Sn. and TI. This blank is
subtracted from the response obtained in the previously recorded
polarogram,. Ce(lV) doe. not interfere as it is reduced by tbe
elemental mercury from the DME. A ,ingle addition of 0.20 mL
of 0.10 M Ce(lV) usually oxidized As(lIl) completely. When
dealing with samples having unfamiliar matrices or when high
levela of A,(lll) are present, two 0.20-mL additions of 0.10 M
Co(IV) are made. with polarograms recorded after each, to assure
quantitative oxidation of As(I1l). Caution must be exerci..d in
the blank determination, especially when allempting to measure
low concentrations of As, as large shifts in tbe base line may occur
(28). Holsk (27) recommended an ion-exchange procedure as an
alternative to the Ce(lV) oxidation to reduce tbe background
response from Pb, Sn. and otber metals.

RESULTS AND DISCUSSION
Biaulfite Reduction of As(V). Quantitative reduction

of As(V) was observed between pH 1.0 and 3.8. Beyond these
limits. I... than 90"10 of the As(V) was converted to As(II1);
if the total concentration of acid was increased to 1.5 M. no
Aa(lII) was detected after the bisulfite reduction. The hy­
drogen ion concentration directly affects the formal potentials
of the H,AsO,/H,AsO, and H,s03/S0;' couples. so that in
the overall reaction:

HsAsO, + H,s03 = H 3As03 + SO;' + 2H+ (1)

a net decrease in production of As(lII) occurs as the acidity
increasea. Furthermore, boiling a highly acidic solution of
bisulfite (Le., aqueous SO,). to speed the red-ox process. results
in rapid loss of S02. thereby making the active form of the
reductant leas available for reaction with As(V). These factors
are responsible for the decrease in conversion of As(V) at pH's
leas than 1. At pH's greater than 3.8. deprotonation of H,s03
and H,AsO, occun;. lowering the availability of these species

for participation in the red-ox reaelion. A pH of 3 was op·
timum for the reduction of As(V) to As(IIl).

At concentrations of HSO, from 0.075 to I M. the efficiency
of reduction of As(V) averaged 96.870; the efficiency dropped
to 9070 for 0.05 M HSO,-. To ensure an adequate supply of
reductant for quantitative production of As(IIl) and to allow
for potential competitive reactions with oxidants other than
As(V), 0.50 M solutions of bisulfite were used in ,ubsequent
studies.

At room temperature the reduction reaction proceeded
slowly and nonquantitatively; only 86% of the As(V) in a 6.5
X 10'7 M solution was reduced after 30 min. Reduction
efficiency was increased to 95.870 ± 3.6% by boiling for 30
min. and more than 90% of the As(V) was reduced if solutions
were boiled for 25-35 min. Low and erratic (68-82%) con­
version of As(V) to As(I1I) was observed if boiling time was
extended to 40 min or longer. This is thought to result from
loss of As(lIl) through spaUering as the solution evaporales
during extended heating. Air oxidation of the spattered
analyte may ':llso contribute to the low recoveries.

The final ,tep of the procedure is the removal of excess
reductant. If this is not carried out. polarographically active
SO, fEp at·~0.25 V to 0.30 V vs. SCE) will interfere with or
completely obscure the peak due to As(IIl). Boiling the
reduction mixture for 15 min after the unreacled HSO,- has
been neutralized and a 10070 excess of acid added was ef­
fective for SOz removal when used in conjunction with
continuous bubbling of nitrogen through the solution. Shorter
heating, lower temperatures. or omission of N z purging led
to erratic removal of 502.

Electrochemical Characterislics of Bisulfite Reduc­
tion Systems. In HCIO, and HCIO,-HSO,- (bisulfite blank
acidified with HCIO,) media. the peak potential of As(IIl) was
-0.49 V vs. SCE and linear workin~ curves (Y = 1.42 ("A/
ppm)X - 3.40 X 10-'. correlation coefficient =0.999) extended
from 10 ppb to greater than 7.5 ppm. The deteelion limit,
defined as the minimum concentration of As(IIl) producing
a response that was two times the 'si~nal found at -0.49 V vs.
SeE when analyzing the supporting eleelrolyte alone, was 20
ppb.

The As(lIl) peak occurred at -0.38 vs. SCE in the HCI and
HCI·HSO,- electrolytes. Linear calibration curves extended
from I ppb to greater than 7.5 ppm. However. these curves
differed depending on the supporting electrolyte; in 1 M HCI
the regression equation was Y = 5.98 ("A/ppm)X - 3.76 X

10'3 (correlation coefficient = 0.999). and in 1 M HCI-HS03'.
the curve was described by Y = 4.92 ("A/ppm)X + 2.18 X
10" (correlation coefficient = 0.999). These differences in­
dicate that the DPP response to As(lll) is more sensitive to
changes in composition of the I M HCI supporting electrolyte
than to alteration of the I M HCIO, electrolyte. This con­
elusion was confmned in analyses of water reference standards.
The detection limit was 7 ppb in HCI and 4 ppb in HCI-HSO,-.
Blanks were consistently smaller in the HCI-HSO,- syslem
so that a lower detection limit was observed even though the
slope of the calibration curve in 1 M HCI was approximately
30"10 larger than for HCI·HSO,-.

Efficiency of As(V) Reduction by HSO,-. The efficiency
of As(V) reduction was examined in HC10,-HSO,- and
HCI·HSO,- media (Table I). Reductions were quantitative,
with the average recoveries over the concentration ranges
examined being 96"10 in HCIO,·HSO,- and 105"10 in HCI­
HSO,-. Standard deviations were under 5.270. Neither
reoxidation of As(V) in the presence of HCIO, nor volatil·
ization losses of As(lII) as AsCI, in the presence of HCI oc­
cerred.

Accuracy of As(lIl) and AI(tot) Determinations. The
accuracy of the analytical procedure was examined using U.S.
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Table I. Erficiency of As(V) Reduction

perchlaric acid-bisulfite media

Environmental Protection Agency water reference standards,
a commercial trace element reference material (Eastman
Kodak, TEG·50·B, Rochester, N.Y.), and samples of "high
purity" (34, 35) dimethylarsinic acid (DMA) and mono·
methylarsonic acid (MMA) (Table II). Agreement between
the measured and reported values for As(tot) was good except
for the MMA and the commercial reference material. In the
case of MMA, reduction conditions caused the organoarsenical
to break down into an electroactive species, probably As(lIl),
which prevented DPP determinations of the total inorganic
arsenic impurity present in the sample. The relatively poor
accuracy found in analyses of the commerical reference
material resulted from difficulties in reliably interpreting base
lines in the polarograms of the analyte and hlank. This is
attributed to the interference of the gelatin matrix with
electrode processes.

initial potential: ·0.20 V
potential range: 0.75 V
scan rate: 1 mV/s
modulation amplitude: 100 mV

Satisfactory agreement was found between the measured
and reported (35) values for As(III) in MMA and DMA. In
the cases of the water reference samples and the commercial
reference material, the results for As(III) and As(tot) were in
concordance.

The relative standard deviations for these determinations
ranged from 2.5% to 10% for As(llI) and from 3% to 32%
for As(tot). Relative errors for As(tot), excluding results for
MMA, averaged 7.9%.

Interferences. The primary interferences to the speciation
of As by DPP arise from the ions of the elements Pb, Sn, and
TI (29). These interferences can, in general, be accounted for
by means of the Ce(lV) blank determination. However, cases
arise where the magnitude of the blank response is comparable
tu the signal from As(III). This results in poor analytical
accuracy and precision. This was observed during the de­
termination of As(IIil and As(tot) in EPA #2 when 1 M HCI
was the supporting electrolyte. By using 1 M HCIO" the peak
for As(II1) was shifted cathodically to -{lA9 V vs. SCE where
the contribution of the blank to the total current was leas
significant. This approach to minimizing the effect of in­
terferences is satisfactory provided the concentration ofarsenic
is nut below the detection limit for As(II1) in 1 M HCIO,.

Interferences may also arise when organoarsenicals break
down during the bisulfite reduction to produce As(ll\) or other
products which are electroactive at potentials where the DPP
peak fur As(lIl) occurs. The organoarsenicals DMA and MMA
were examined for their potential as interferences. No de­
composition of DMA was observed in the determinations of
As(II1) or As(tot) in solutions containing between 3 mg/mL
and 10 mg/mL DMA either in 1 M HCIO, or in 1 M HC!.
MMA did not interfere with As(II1) determinations, but did
produce interfering material during the preliminary reduction
procedure. Solutions containing 2 mg/mL MMA produced
a DPP response at -0.:18 V vs. SCE which was equivalent to
8880 pg/g of As(II1) in the solid MMA. This occurred in HCl
and HCIO, media.

The level at which breakduwn of MMA represented a
significant interference to the determination of As(tot) was
evaluated by preparing solutions in which the ratio of MMA
to As(tut) was varied from 5 to 50. The solutions were an­
alyzed for their As(IlI) WId As(tot) content (Table III). As(lm
was quantitatively recovered at all ratios. The same was true
for As(tot) so long as the ratio of MMA/As(tot) did not exceed

107
105
109

96
108

94.5
93.6
95.8

102
93

recovery, %

265 ppb
178 ppb

58 ppb
49 ppb
26 ppb

As(lII) found

4.66 ppm
1.02 ppm

102 ppb
109 ppb

45 ppb

electrodes:
working: DME
reference: SeE
counter: Pt wire

drop time: 2 s

As(V) present

4.93 ppm
1.09 ppm

106 ppb
106 ppb

48 ppb
average recovery: 96
standard deviation: 13.6%
relative standard deviation: 3.8%

hydrochloric acid-bisulfite media

polarographic conditions

247 ppb
169 ppb

53 ppb
51 ppb
24 ppb

average recovery: 105%
standard deviation: f 5.2%
relative standard deviation: 5.0%

Table 11. DPP Determination of Arsenic in Standard Samples

As( 111), ppm As(V), ppm total inorganic As, ppm

found reported round reported found reported

0.023 0.008 0.031 0.026
0.106 0.007 0.113 0.109
0.154 0.003 0.157 0.154
4.5 <6 108 106 112 <112

163 180 N.D." 160 N.D." 340
116 17 133 115

sample

U.S. E.P.A. Water reference standards
E.P.A. #1
E.P.A. ;t2
E.P.A. #3

high purity dimethylarsinic acid
high purity monomethylarsonic acid
commercial trace element reference material

a N.D. = not determinable.

Table III. Determination of As(III) and Total Inorganic As in Presence of Monomethylarsonic Acid (MMA)

As{lII) total inorganic arsenic

[MMA]/[As(tot)]

5

10
15
50

present,
ppb

51
102

91
102
103

found,
ppb

49
104

96
98

105

recovery.
%

96
102
105

96
102

present,
ppb

200

189
200
201

found,
ppb

190

187
195
435

recovery.
%

95

99
98

216
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15. At a SO-fold excess of MMA (11100 ppb) over As(tot),
more than 200'70 of the initial amount of arsenic present was
recovered. While the interference due to the breakdown of
MMA becomes severe when determining small amounts of As
in the presence of high levels of MMA (>1-2I'g/mL). MMA
concentrations of this lDllgIlitude are not normally encountered
in natural water samples (4).

ACKNOWLEDGMENT
Reference purity DMA and MMA were supplied courtesy

of Edward Dietz of Hooker Chemical Company and James
Warkentin of Ansul Company.

LITERATURE CITED
(1) Y. Talml and D. T. Bostik. J. Chromatogr. Sci" 13.231 (1975).
(2) Y. Talml and C. Feldman In "Arsenical PesticiOes". E. A. Woolson. Ed.•

ACS Sr"¥'. SIN" No.7. Chap. 2. 1975.
(3) MoO. LlIl. R. A. Baker. and D. E. Heney, Sci. Total Envtoo .• 2. 1 (1973).
(4) R. S. Braman In "Arsenical Pestici:les", E. A. Woolson, Ed.• ACS Synp.

SIN" No.7. Chap. S. 1975.
(5) A. S. Braman and C. C. Foreback. Science. 132. 1247(1913).
(6) R. S. Blaman. D. l. Johnson. C. C. Foreback. J. M. Anvnons. and J. L.

BlickOf'. Anal. Chsm .• 41, 621 (1977).
(71 E. A. Wootson and P. C. Kearney. Environ. Sci. TtJehno/ .. 7. 47 (1973).
(SID. P. Co, i1 "At-'<:al Pesllddos". E. A. WOQIson. Ed.. ACS S"",. Ser"

No.7. Chap. 6. 1975.
(9) J. E. 51_a i1 "AtsenCalI'estic*les". E. A. WOQIson. Ed" ACS S"",.

Ser.. No.7. Chap. 10. 1975.
(10) J Wood. ScIence. 183. 1049 (197<).
(1'1 G. Haywood and J. P. Riloy. Anal. Chin. Acta. as. 219 (1976).
(121 S. S. Saldlu. Ana~t (Londonl. 101. 856 (1976).
(13) D. L. JoMson and M. E. a. Pilson. Anal. Chin. Acta. 58, 289(1972).
(14) A. W, Fitchett, E. H. Dal.9ltrey, and P. Mushak, Anal. Chin. Acta, 71,

93 (1975).
(15) T. Kamada, TaJanta, 23, 835(1976).

(161 R. Ka..e"nan and K. """"-. At. Absotp. News/.. 15. 129 (1978).
(171 J. Aggen end A. C. AspeI. Ana~t (London). 101.341 (1978).
(18) C. J. SoderquOit O. G. Q-osby, and J. B. 60_•. Anal. Chern .. 48. 155

(1974).
(19) J, O. L.odmel, Ph.D. The!!s, University of Tennessee, Knoxvll6e, Tem.•

1973.
(20) L. D. Johnson, K. O. Gerhardt. and W. A. Aue. Sci. Total Envron., "

lOS (1972).
(21) Y. Tak'nl and D. T. Bostick, Anal. Chern .. 47, 2145 (1975).
(22) F. T. Henry and T. M. Thorpe, J. Chromatogr., In press.
(23) M. O. Andreae, Ana'. Chern .• 41, 820 (1917).
(24) G. Forsberg, J. W. O'Laughlin, R. G. Megarg'e, and S. R. Kolrtyohann,

Anal. Chern .. 47. 1586 (1975).
(251 P. H. Davis, G. R. Dulude, R. M. Grllfln, W, R. Matson, and E. W. ZInk,

Anal. Chern .• 50, 137 (1978).
(26) A.... S_. E. W. Ulk. Bnd G. R. Delude. S9th ....ting. Association

of Official Analytical Chemists, Washington, D.C.• 1975.
(27) W. Holak, J. Assoc. Offic. Anal. Chern.• 51, 650 (1976).
(28) J. P. Arno«j and R. M. Johnson, TaJanta, 18, 1191 (1969).
(29) D. J. Myers and J. Osleryoung, Anal. Chern., 45, 267 (1973).
(30) D. J. _ ..... E. _001<. J. Ds....,.OUl\l. Bnd S.... Morrison. Emron.

Lett., 5, 53 (1973).
(31) S. S. Sard>u. R. S. Sanchl. Bnd K. O. Sharma. F_Z. Anal. Chern..

237. 32 (1975).
(32) M. V. Nosek. S. P. Buklrnan, and M. T. KozJovskii, Tr, Inst. KIVn. Nali<,

Akad. Nauk Kaz. SSR, I, 131 (1962).
(33) H. Diehl, "Quantitative Analysis: Elementary Principles and Pracuee".

2nd. eel., Oakland Street Science Press, Ames, Iowa, 1974.
(34) E. A. Dieu and M. E. Perez, Anal. Chern., 48, 1088 (1976).
(35) J. Warkentin, Ansul Co.• Weslaco, Texas, personal convnunlcalion.

RECEIVED for review June 14. 1978. Accepted November 3,
1978. Work supported in part by funds from the University
Faculty Research Committee of Miami University, Oxford.
Ohio. Portions of this research were presented at the 29th
Pittsburgh Conference on Analytical Chemistry and Applied
Spectroscopy. Cleveland, Ohio, t978.

'Photometric Acid-Base Titrations in the Presence of an
Immiscible Solvent

Frederick F. Cantwell· and Hussain Y. Mohammed

Department 01 Chemistry. University 01 Alberta. Edmonton. Alberta. Canada T6G 2G2

An apparalus Is descrI)ed which permlIs continuous monIIorlng
01 the UV absorbance 01 one phase In a vigorously agllaled
mixture 01 an aqueous and a water-lmmlsclble organic soIven\.
Photomelrlc IIIrallons, using sodium hydroxide IIIranl, are
performed In such a two-phase syslem on weak acid drug
substance. which show no spectral change upon deprolon­
allon. TheorelJcallllrallon equalJons are derived and vertlled
experimentally by IIIrallng dexlrornelhorphan hydrobromide.
FOIa' amk1e hydrohalcle drugs are Ulraled by \he new tecllnlque
at concentrations belween 8 X 10-< M and 3 X 10-' M with
precision and accuracy 01 1-2 pp\.

Heterogeneous iitrations, in which acids and bases are
titrated in a well-stirred aqueous solution in the presence of
a second phase, have been described for systems in which the
second phase is either an ion-exchange resin (I. 2) or a nonionic
resin (3). Major alterations are produced in both potentio­
metric and photometric titration curves as a result of the
heterogeneous distribution of acid-base conjugate species
between the two phases. It is possible to alter the apparent
strength ofan acid or base and to differentially titrate mixtures

of acids or bases with similar ioni7.ation constants but different
charge types. A distinct advantage of heterogeneous pho­
tometric tilrations is the fact that the two conjugate species
of the sample compound do not need to have different molar
absorptivities (2). This is true because the formal concen­
tration of the sample compound is changing in the phase
whose absorbance is monitored during the titration. Such
titrations have been called "formal tit rations" (2).

Potentiometric acid-base Htrations have been reported in
the presence of an immiscible liquid (summarized in references
1 and 3). However. the obvious experimental difficulty in­
volved in achieving both rapid distribution equilibrium and
rapid and complete phase separation before measuring the
absorbance of on. of the phases has apparently frustrated
attempts to perform photometric acid-base titrations in
two-phase liquid systems. In the present paper a simple
titration apparatus is described which allows one liquid phase
to be continually pumped out of a vigorously stirred two-phase
solvent mixture, passed through a spectrophotometer flow cell.
and returned to the mixture. Also, a theoretical equation
describing the titration of weak acids BH+ in such a' heter­
ogeneous titration medium is derived and verified experi­
mentally. Finally, the new titration technique is used to assay
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Figure 1. Diagram of the titration apparatus. (1) Magnetic stirrar, (2)
stirring bar, (3) lid, (4) tltralion vessel, (5) buret tip, (6) !mer-probe, (7)
spoiler, (6) retum line, (9) micrometer buret, (10) three-way velve, (11)
titrant reservoir, (12) peristahic pump, (13) Acidtlex pump tubing, (14)
flow cell, (15) water jacketed beaker. Only ~ems 2-7 are drawn to
scale

the weak acid hydrohalide salts of several pharmaceutical
amines whose two conjugate acid-base species have nearly
identical ultraviolet absorption spectra.

EXPERIMENTAL

Apparatus, The titration apparatus is shown in Figures I and
2. The magnetic stirrer (Model 4815, Cole-Parmer Instrument
Co., Chicago, Ill.) must be one with a powerful magnet to avoid
"spin-out" of the l.5-inch Tenon covered stirring bar at the high
speeds necessary to achieve rapid distribution equilibrium. The
Tenon lid is held in place against the Oat ground glass rim of the
titration vessel with an aluminum clamp (not shown in figure).
The lid need not be air tight but should provide a snug fit to
minimize evaporation of the organic solvent and uptake of CO2
from the atmosphere. Holes in the lid provide access for the glass
buret tip, the filter-probe, the Tenon return tubing, and the shaft
of the "spoiler". The latter is a 16-mm diameter Tenon rod, to
the end of which a 39-mm diameter disk of Tenon is fastened
with 8 force-fit glass pin. The Tenon disk is cut along six radii
and the pie shaped sections twisted to give the disk 8 propeller
shape. The "spoiler" does not rotate. Its purpose is to minimize
vortex formation in the rapidly stirred solution and to increase
the shearing effect which facilitates efficient dispersion of one
solvent phase into the otber. A properly stirred suspension will
appear milk-white with no individual droplets of either solvent
visible to the unaided eye. This is necessary for rapid achievement
of distribution equilibrium after the addition of each increment
of titrant. Stirring is continuous throughout the titration.

Titrant is delivered from a I-mL micrometer buret (Digi-Pet.
Monostat Corp., New York, N.Y.). The glass barrel of the buret
is connected to a three-way valve (Model CAY 3031, Laboratory
Data Control, Riviera Beach, Fla.). Another length of Tenon
tubing connecta the valve to the glass buret tip. The third valve
port is connected to the titrant stored in a polyethylene reservoir
bottle, and allows rapid refilling of the buret barrel between
titrations by simply switclUng the valve and retracting the buret
piston.

The filter-probe, shown in exploded view in Figure 2, is
constructed by fusing a 13-mm diameter center-perforated glass
disk to the end of a I-mm Ld. by 6.5-mm o.d. glass tube (pm no.
G2-C, Laboratory Data Control). The bottom of the probe is
grooved and a 6.3-mm diameter coarse Tenon mesh (Laboratory
Data Control) is placed over ita center. Three IS-mm diameter
diska of filter paper are placed over the mesh and folded' onto
the probe by p.....ing into a obort piece of 13-mm i.d. Tenon
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Flgur. 2. Exploded view 01 the end of the lltter-probe. (1) Groove.
(2) Teflon mesh, (3) Triple layer of filter paper, (4) Teflon sleeve

tubing which acta as a sleeve to hold the paper in place_ The two
innermost disks of filter paper are Whatman No. 5 and the
outermost one is Whatman No. I paper. Disks of the correct size
are conveniently punched out with a No. 10 cork borer. The upper
end of the filter-probe is connected, via a short piece of Teflon
tubing, to a l.65-mm i.d. by 7 em long piece of AcidOex peristaltic
pump tubing (Technicon Corporation. Tarrytown, N.Y.).
Connections of Tenon tubing to the glass buret tip and the
filter-probe are made with a standard Cheminert fitting (Lab­
oratory Data Control).

The Mini-Micro 2/6 peristaltic pump (Brinkmann Instrumenta
Corp., Toronto) is adjusted to give a now rate of about 1.5
mL/min. Solution from the pump passes via Tenon tubing into
an 8O-~L now cell with a 1.000em pathlength (part 17s-QS, HeUma
Corp., Toronto) and then back into the titration vessel via the
return line. A Cary 118 spectrophotometer (Varian Instrumenta.
Palo Alto, Calif.) is used for absorbance measurementa. The
special cell compartment cover available for this instrument (part
01-640575-(0) facilitates initial positioning of the now cell. All
Tenon tubing in the now system is either 0.3- or O.5-mm Lei. The
total volume of the filter-probe, pump tube. now cell, and as­
sociated transmission tubing is 0.42 mL.

The nat bottomed titration vessel is made from 51-mm Ld.
Pyrex glass tubing with a wide rim that has been lapped nat.
During an analysis the titration vessel is placed in a glass jacketed
beaker filled with water, and water at 25 % 0.1 ·C is pumped
through the glass jacket from a constant temperature hath.

The micrometer buret was calibrated at 6 pointa over the range
oto I mL by filling it with 0.4763 M NaOH and potentiometrically
titrating aliquota of accurately standardized 0_01510 M HCl
solution. The buret was found to be accurate and precise to within
1 part per thousand over its entire range.

Reagenls. The drugs dextromethorphan hydrobromide.
molindone hydrochloride (Endo Laboratories. Inc.. Garden City,
N.Y.), diphenhydramine hydrochloride, and diphenylpyriline
hydrochloride were all USP, NF, or equivalent grade and were
assayed, without drying, by Fl\ian's argentimetric titration (4) and
by the mercuric acetate method of nonaqueous titration using
glacial acetic acid as solvent and perchloric acid in glacial acetic
acid as titrant (4). All other chemicals were analytical reagent
grade. Water was demineralized, distilled, and fmally distilled
from alkaline permanganate. Sodium hydroxide titranta were
prepared from 1:1 solution with carbon dioxide-free water and
were standardized against potassium hydrogen phthalate using
phenolphthalein indicator.

Chloroform (Baker Analyzed Reagent) and carbon tetrachloride
(Caledon Laboratories, Georgetown, Ontario) were mixed in a 1:1
volume ratio and the mixture was stored in gellon quantities for
use as the organic solvent phase in heterogeneous titrationa.

Distribution Isotherms. The distribution coefficient of
dextromethorphan hydrochloride was determined between
CHCI3/CCI,(l:I) and om M aqueous HCl (pH 2) that was also
0.10 M in NaCl, by agitating at 25 % 0_1 ·C and apectrophot.o­
metrically determining the dextrometborphan content of the
phases. The distribution coefficienta were measured at five
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Table I. Equilibrium Constant Expressiona

thermodynamic
constants constant used

}<'urthermore, it has been found (5) for ion pairs involving
organic ammonium ions that KUHX

T » KwTIX·l. This means
that thc concentration of the species BHX is negligibly small
in the aqueous phase.

Neglecting the concentration of BHX ill the aqueous phase.
the following titration equation is derived by combining the
equilibrium constant expressions with mass balance equatiuns
and with Beer's law expressions for BH+ and B in the aqueous
phase.

Species without a subscript are in the aqueous phase and
those with the subscript 0 are in the organic phase. Here x­
is the conjugate base of a strong acid (e.g., CI-). The ther­
modynamic constants appropriate to these equilibria are
presented in the left-hand column of Table I. The formation
of extractable ion pair.;, BHX. has been well documented for
a large number of protonated amines (5). In the titration
equation, it is convenient to use concentration~, lil, instead
of activities. 0;. for all species i. except H30+ and OH-. In the
right-hand column of Table I, the form of the equilibrium
constant expressions used in the titration equation arc
presented. It is evident that K. = K.T'YSHho, where 'YIlH and
')u arc the activity coefficient of conjugate species BH+ and
B in the aqueous phase. Since the species B is neutral "YB =:::::1
at low electrolyte concentrations. Also, Ku = K U

T, assuming
that activity coefficients of B are equol to one in both phases.
Now. if an inert electrolyte MX (e.g. NaCI) is present in the
aqueous phase at concentrations much higher than the sample.
011 act.ivity coefficients in the aqueous phase arc constants and
K 1 is a constant:

K I = KII.TKnHx'I'IX-hRH'Yr/'YBHX.. (2)

'j
.,:;

-----;,._-

Figwe 3. Spectrophotometer recorder tracing lor the titration of
dextromethorphan hydrobromlde with sodium hydroxide at 275 nm

different equilibrium aqueous phase concentrations of dextro­
methorphanium ion ranging from I x 10-< M to 1.3 X 10" M. The
resulting isotherm plot of molarity in organic phase \'5. molarity
in aqueous phase is lincar with zero intercept. The slope is
numerically equal to the distribution coefficient.

Distribution coefficients of dextromcthorphan hydrochloride
were also measured at single points in 0.50 M NaCland 0.01 M
NaCI, both of which also contained om M HC!. Distribution
coefficients that would prevail in 0.50. 0.10. and om M total
chloride concentrations were calculated from these experimental
values using the appropriate activity cuefficients and Equation
2 (vide infra). The distribution isotherm of dextromcthorphan
base between CHCI,/CCI. (I;D and dilute NaOH (pH 13) that
was also 0.1 Min NaCI, was measured in un identical manner to
that described above, at equilibrium aqueous phase wncent.rations
between 1 X 10-6 M and 1.5 X 10-5 M, and yielded zero intercept
and a linear slope.

Titration Procedure. Distilled water to be u!1ed in the ti­
tration is sparged with nitr<>gen to remove CO2, The CHCl:i/CCI~

(1:1) solvent is shaken in a separatory funnel immediately before
use with an equal volume of CO2 free water and filtered through
dry Whatman No.2 paper. This washinK removes both the
ethanol preservative from CHCI:t and the smnllnmounl of Hel
that is usually formed in CHCI3 upon standing. The spectro­
photometer is set to 100% 7' with water pumping through the
flow cell. Volumes of 60.00 mL of water, 10.00 mL of an aqueous
NaCI solution, and 10.00 mL of drug solution are pipetted into
the titration vessel oIong with 20.00 mL of CHCI,/CCI, 0:1). The
lid is fastened in place, with the filter-probe, spoiler, return line.
and buret tip in place. and the titration vessel is placed in the
water bath. Stirring and pumping are begun.

After about 4 min, the absorbance will have risen to a constant
value as distribution equilibrium is reached in the titration vessel.
Titrant is now added. After the addition of each increment of
titrant. a period of about 1.5 min is required for the absorbance
to decrease to its new plateau value (~'igure 3). The titration
curve is a plot of plateau absorbance values vs. moles of added
titrant. As discussed below, a dilution correction may have to
be made on the plateau abtiOrbance values before making the plot.

T aBoHK. :;--
aOH

Kw :; aaoOH

KaT::: °B,o

ao

K1pT::: °OHX

QOHQX

K
BIIX

T ::: °OHX,o

QBHX

[BlaH
K. = [BH]

K w :; °aooa

[Blo
Ko =[il)

RESULTS AND DISCUSSION
The filler-probe is successful in filtering lhe smoll droplets

of organic solvent out of the aqueous phase because the paper
is hydrophilic and once wetted with water it is not wettable
with the organic solvent. If the pumping rate is made much
higher or if a coarser textured paper is used. with larger
capillary pores between the cellulose fibers, then it is more
likely that small amounts of the organic phase will be drawn
into the probe.

Proposed Model. Equation I summarizes the equilibria
which prevail in the heterogeneous titration system.

KwV K.V
"OH = X + YK. 'YOH - Z-:;:;; (3)

where:

[,'UIl"UH - A",,(V + K, ".lIlV + Ks V.I
X = ['HH(V + KHV.) - <'o(V + K,V.») (4)

Y = "HH"SH - Ao',(V + KIV") (5)

A.,,(V + KRV.l - "BH"1l

Z = l/Y (6)

BH+
K,

H30'" In these equations, ('Ull and t'n are the products of molar+ H2O ~B +
+ 1~K. + ubsorptivities. at the waveleng1h used, and cell pathleng1h for

on- species BH+ and B; A... is the observed absorbance, corrected

1~K,p (BI.
1~K.

for dilution if necessary; Vand V" are volumes of aqueous and
organic phases in liters; nOll and "OH are moles of sample and

BHX "'-- (BIlX)o 2H20
(1) titrant added to the titration vessel; 'YH and 'YOH are ionicK

SHX
,.

activity coefficients for H30+ and OH'.
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Table II. Assay Values (%) for Several Drugs by Three Titration Method.

compound nonaqueous Fajan's photometric molarityb

dextromethorphan·HBr 95.3' 0.07 95.4, 0.07 95.4' 0.1 8 X 10-'
diphenylpyriline'HCI 98.5' 0.1 a 98.4' 0.1 98.3' 0.2 3 X \0"
diphenhydramine·HCI 99.8, 0.1 a 99.9' 0.1 99.8' 0.05 1.7 X 10"
molindone·HCI 99.0, 0.1 99.0' 0.2 99.0' 0.1 4.0 X 10->

a Average deviations are based on at least three replicate titrations in all cases except for these two nonaqueous
titrations, where they are based in duplicate titrations. b Approximate molarity of the sample during the photometric
titration, assuming that it is all in the aqueous phase.

(7)

(9)

(11)

(10)

AobR,uuap. = (V + K1,initialVo)

It is a constant, independent of added titrant, except for the
dilution effect which is compensated for by plotting:

(V + VOII) + KBVo
Ao,," V + K

B
V

o
vs. nOli

Normally, KB is large so that Ao,," is very small, and the di­
lution correction after the equivalence point is negligible.

Experimental Verification. Extensive studies have been
reported on the ion pair extraction behavior of dextrometh­
orphanium cation with halide ions (7-9) and they have
demonstrated that 1:1 ion pairs are involved. Titration
Equation 3 was verified by titrating dextromethorphan hy­
drobromide with 0.09526 M sodium hydroxide titrant in the
presence of a 1:1 mixture of CHCl3 and CC4 as organic phase,.
The titration was performed at three different concentrations
of added NaCI to show the effect of ion pair extraction on
curve shape. The results are presented in Figure 4. The
points in Figure 4 are the observed experimental values,
corrected for dilution using Equations 8 and 11, while the solid
lines are the theoretical curves calculated from Equation 3
using known or measured values for the parameters Kit Kat
('8th ('0' V, Vo, nOH, "'(Ht "YOH, K., and K•. The value of Ka is
obtained by multiplying the literature value (7) of 5.0 X 10-<1
by the activity coefficient, 'YBII, which is computed from
tabulated values (10, 11) assuming an ionic size parameter of
8 X 10'8. Values of CB and CBII were obtained from Beer's law
plots, which were linear on the Cary 118 spectrophotometer
up to absorbance values of at least 1.5. Values of K, and KB
were obtained from batch equilibration measurements as
discussed above, and the value of nBII was equal to the weight
of dextromethorphan hydrobromide taken multiplied by 0.954,
the assay value found by nonaqueous and Fajan's titration

If lhe extent of dilution is not very great, then a fairly acrorate
value of nBII can be had from the end point obtained before
dilution correction. Therefore, if the value of t/SH is known
for the compound, it is a simple matter to obtain KUniu.J from
Equation 9. This method of obtaining KO,ioiual assumes that
other absorbing compounds are absent from the sample. In
the present case lhe initial aqueous phase volume was 80.42
mL and the titrant volume required to reach the end point
was only about 0.7 mL so that dilution corrections, though
used. are relatively small.

The linear segment of the titration curve obtained after the
equivalence point is given by the equation:

"aHt'a

lhe correction is made by multiplying Ao,," by V/(V + VOII)'
The value of K1,initial need not be measured in a separate

experiment, since a good approximation can be obtained from
the titration curve itself. If the straight line portion of the
curve is extrapolated back to the A"" axis where nOli = 0, the
intercept will have the value:

Now the constant K, depends on the concentration of anion
X' according to Equation 2. If the dilution is only slight then
1'BII and 1'x will nol change and it becomes evident that K,
a IX']. Since IX') decreases directly with increasing dilution.
provided that there is a large excess of inert salt MX present,
then the initial value, Kl'ioiu.J, (i.e., that which prevails at the
initial salt concentration at the beginning of the titration)
should be multiplied by V/( V + Vall) to correct it for dilution.
At the same time, the volume V in Equation 7 should be
replaced by (V + Vall) to correct it for dilution.

Thus, to correct for both effects, before the equivalence
point one should plot:

(V+ Vall) + K"initia{~)Vo
A o,," [V + Kl,initial Vol vs. nOli (8)

to obtain the titration curve, The dilution correction given
by Equation 8 can take two limiting forms. If the extraction
of ion pairs is slight so that K,Va « V, then the correction
is made by multiplying Ao,," by (V + Vall) / V. At the other
extreme, if ion pair extraction is extensive and K,Vo » V, then

The influence of each of the constants in Equations 3-6 can
readily be seen by comparison with the ion-exchange system
described in Reference 2. The influences of KBand K, in the
present case are analagous. respectively. to those of KIE,BII and
Ko,B shown in Figures 1-4 in Reference 2. Since H30· and
OH' do not partition into the organic solvent phase. there are
no constants in Equation 3 analogous to KS.II and Ks.olI. The
symbol nCI in Reference 2 is replaced with nOli in this case.
The influence of Ka, the acid ionization constant, is the same
as that described for the titration of acids in a homogeneous
medium (6).

Dilution Correction. Addition of titrant results in an
increasing volume of aqueous phase during the titration and
a consequent dilution. In a photometric titration carried out
in a homogeneous solution, this has a simple dilution effect
on the absorbing species and can readily be corrected for by
multiplying each absorbance value by the quantity (V +
V011) / V before plotting the titration curve. Here VOII is the
volume of titrant added. In a two·phase titration medium,
the situation is more complex. Photometric titration end
points are usually evaluated by extrapolation of the linear
portions of the curve before and afler the end point. This
means that over most of the lenglh of the segment of the
titration curve before the equivalence point the "X" term in
Equation 3 is much larger than the other two terms on the
right·hand·side of that equation. Therefore, the dilution
correction before the equivalence point can be deduced for
titration curves which do not show much curvature by
considering only the "X" term in Equation 3.

Making the very likely assumptions that ,'BII(V + KBVol
» ,'B(V + K, Vol and considering only the "X" term on the
right-hand·side, then Equation 3 becomes:

Aob,(V+ K,Vo)
nOli :::::nOH -
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F1gun'" Photometric Utratkm curves for delCtromethorphan hydro­
brort*lo ... _ hyd'oxile li1ranI. Liles are calCUated from Eqwlion
3 and poOlts are experimental. For eU curves: n... =6.72 X 10-'
mol; l. = 1800: ('11I1 := 1840; KB = 2.70 X 103

; K. = 1.00 X 10.14
;

V. = 0.02000 L; V = 0.08042 L; A = 275 nm. For curve 1: K, =
0.30; K. = 4.57 X 10-'; 'YH = 0.91; 'YOH = 0.90; [NaClj = 0.01 M.
For C<Ne 2: K, = 0.55; K. = 4.11 X 10"; 'YH = 0.83; 'YOH = 0.75;
lNaCl] = 0.1 M. For curve 3: K, = 2.49; K. = 3.81 X 10-'; 'YH =
0.78; 'YOH = 0.89; [NaCI] = 0.5 M

(the remaining 4.•% of the drug is accounted for by water).
The agreement between predicted and observed results

shown in Figure 4 demonstrates the validity of Equation 3
and clearly illustrates thatsccurate photometric titrations may
be performed on amine salts which show no significant spectral
change upon deprotonation. It should be noted that the
concentration of sample, if it were all in the aqueous phase,
would be 10-3 M.

In the region just before the end point, the experimenLaI
absorbance values fall slightly above the theoretical line. The
reason for this is not known but may be the presence of small
amounts of CO, in the titranL It is not seen when higher (e.g.,
10-2 M) sample concentrations are used. It causes no error
in locating the end point, if the steepest straight line consistent
with the daLa is drawn through the points before the
equivalence point when performing the linear extrapolation.

Assay of Drugs, Four common amine hydrohalide drug
substances were each analyzed by three different titration
techniques: Fajan's titration for halide, nonaqueous titration,
and heterogeneous photometric titration. Results are sum­
marized in Table II which shows the averages and averege
devietions obLained in replicate titrations. Sample concen­
trations were >0.01 M for the Fajan's and nonaqueous ti­
trations. Approximate sample concentrations during the
photometric titrations, assuming all of the compound is in the
aqueous phase, are given in the last column of Table II. All
photometric titrations were performec! in 80.42 mL of 0.10
M NaCI and 20.00 mL of CHCI,/CCI. (1:1) using as titrant
standardized solutions of sodium hydroxide between 0.05 M
and 0.5 M, depending on drug concentration. End points of
the .photometric titrations were obtained by linear extrap­
olation of plots of absorbance (corrected for dilution) vs. moles
of added sodium hydroxide. Assay values found by the
photometric titration and the two indicator titrations agree
within 1-2 ppL Precisions for all three methods, as indicated
by average deviations, are also in the range of 1-2 ppt.

Advantages of the Method. Considering the additional
instrumenLation required, it might be asked why one would

choose the photometric technique over an indicator titration.
The answer is that the photometric titration conLains both
qualitative and quantiLative information about the sample,
while indicator titrations conLain only quantitative infor­
mation. For example, if an acid BH+ with a pK. of 8 happened
to contain, as an unexpected impurity, another acid of the BH+
charge-type with a pK. of 5, an indicator titration would yield
only one end point corresponding to the sum of both com­
pounds. A potentiometric titration with NaOH titrant would
give two end points in this case, but if it happened that the
impurity had, instead, a pK. near 8 then even a potentiometric
titration would not detect the presence of the impurity. On
the other hand if, as is likely, the impurity had a different
molar absorptivity than the acid of interest then, whether or
not it had the same pK.. the shape of the titration curve of
the sample would be different than that for a pure sLandard
of this material. In particular, the ratio of the slope of the
linear portion of the curve before the end point to the moles
of titrant required to reach the end point would be different
for the sample and sLandard. Looking at it in another way,
a photometric titration provides both a photometric and a
titrimetric assay, and if the two assay values do not agree the
analyst is alerted to a peculiarity of the sample.

. CONCLUSIONS
The proposed heterogeneous acid-base titration can be

pcrfo~med using water-immiscible organic phases other than
CHCI,/CCI•. The organic solvent phase can be chosen to yield
particular distribution coefficients for a given sample com­
pound. For example, a solvent might be chosen which
minimizes ion pair extraction. Also. it is possible to replace
the hydrophilic paper on the end of the filter-probe with a
hydrophobic silicone-treated paper which will pass the organic
phase and filter out the aqueous phase. In this way the
absorbance of the organic phase can be measured.

The method is applicable to the titration of other charge
type acids (e.g., HA) with NaOH titrant, and to the titration
of bases of various charge types with a strong acid titrant.
Since the nonlinear portion of the titration curve in the vicinity
of the equivalence point is related to the strength of the acid
or base being titrated, it should be possible to evaluate the
pK. values of very weak acids and bases by this technique.

The same apparatus can also be used to perform com­
plexometric titrations of metal ions using as titrants ligands
which form extractable complexes. This application is under
investigation.

The time required to achieve a constant plateau absorbance
value after each addition of titrant depends upon the efficiency
of stirring, the pumping rate, the fraction of the total aqueous
phase which is contained in the pwnping system and flow cell,
and the flow pattern through these (e.g., laminar flow in
tubing, efficiency of rinsing of the flow cell). Experiments
suggest that the latter three fadors are the major ones
contributing to the equilibration time in the present system.
Therefore studies are underway using faster flow rates and
low dead volume flow ceUs such as those used in liquid
chromatographic detectors. The titration apparatus is also
being automated.
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Measurement of Ions within a Pulsed Electron Capture
Detector by Mass Spectrometry

E. P. Grlmsrud,' S, H. Kim, and P. L. Gobby

Department of Chemistry, Montana State University, Bozeman, Montana 59717

Measurements of Ions within an electron capture detector
(ECO) have been made by the technique of atmospheric
pressure Ionization mass spectrometry (APIMS) where the Ion
source has been modified to be an actual ECO. By observing
the dependence of Ion signals on electrostatic fields applied
to the Ionization cell, new Insight into the role of Ions In In­
fiuencing the measured ECO current is provided, It is shown
that for this pulsed ECO, a positive current of slgnlilcant
magnitude exists which is an integral component of the
normally measured ECO current, and that It is caused by the
selective migration of positive ions to the sampling electrode
during the period between pulses. The results are discussed
relative to opposing views of the ECO, and are shown to
strongly support one of these.

Eleelron capture dewelion rECD) with gas chromatography
(GC) hus proved to be one of the most useful techlliqucR
available for the trace analysis of many cnvironmentally
important organic compounds. This liuccess is due primarily
to the very selective reactivity of the low·energy electron with
certain classes of compounds in the gas phase. To improve
our underst.anding of these reactions and the basis of ECD
responses, several studies have had as their objective the
identification of the negative ions formed under one·at·
mosphere. electron capture conditions. Using the technique
called plasma chromatography, the formation of negative ions
from substituted benzenes (I) and polychlorinated hiphenyls
(2), and the effects of oxygen (3) under electron capture
conditions have been reported. By atmospheric pressure
ionization mass spectrometry (AI'IMS), additional chemical
(4,5) and physical (6) detail of EC reactions have been made
possible by the direct mass spectromet.ric analysis of one·
atmosphere plasmas. In a recent study hy Horning et al. (5),
an APIMS ion source was modified to he an actual ECD
complete with a cell electrode, so that the ECD function or
this ion source could be obtained simultaneously with negative
ion measurements. Not only might one expect this cambi·
nation to provide an ideal means of studying EC reactions,
but it also appears to constitute a promising technique in itself
for the analysis of trace amounts of organic substances.

Because of the demonstrated success of APIMS for the
sensitive measurement of ions formed within its ECD·like
source, we have constructed a similar instrument designed
specifically for the study of ECD chemistry. This instrument
provides the simultaneous measurement of cell current and
mass-analyzed ion currents as in the Horning study (,5). With

it, however, we hove made new observations which provide
a new source of information for ECD events. 'A'e have found
t.hat, under electron capture cunditiuns within the ion source,
the measured intensity of negative ions formed by elec·
tron·caplure reactions is strungly affected by the simultaneous
application of the puL<;ed field used to obtain the ECD function
of the source. \Ve believe these interactions renect changes
in the rates of ion transport t.o boundary surfaces of the
ionization cell and, therefore. provide added insight into the
basis of the currents measured within the ECD.

EXPERIMENTAL
The vacuum envelope, quadrupole mass spectrometer. and

pumping: system of our APIt\llS has heen described previously (7).
A detailed view of its ion source is shown in Figure 1. The
stainless steel ion source bolts onto the front nange of the vacuum
emtelope. A '~/8"'"inch nickel disk of 25-~m thickness and containing
a 20- or 25-~m apert-ure in its center (Perforated Products, Inc.•
Bruokline. Mass.) provides a controlled leak of the ion source
contents into the vacuum re~ion. Nitrogen carrier gas (Matheson,
ultra hi~h purity) nows continuously through the ion source at
a rute of about. 40-60 em:! min-I. The "arrier gas is further purified
by passing it through a filter containing CaSO.and 5A molecular
sieve. The volume of the active region of the ion source is about
1 cm3, the approximate size of a conventional 63Ni ECD. A
platinum cylinder imhedded with 9 mCi or 63Ni (New England
Nuclear. Hoston. Mass.) forms the \vall of the active region. A
1/ l6- inch stainless steel pin prutrudes into the ion source as shown
via a t-eramic feed through. The diameter of the cylindrical source
is 1.0 em.

Snmplcs are introduced to the carrier gas stream via either a
:t4-1. !'tninless steel exponent.ial dilution sphere or at the injection
port of a gas (:hromatograph (Aerograph Autoprep A·700). For
CC a '/,-inch, I.5-foot stainless column packed with 3% OV-17
un Supelcoport 100/120 mesh was used. A heated. glass·lined
stainless transfer tube connects the GC with the ion source.

For the ECD current measurement, a pulsed. positive voltage
was applied to the ion source pin. The resulting total cell current
was measured at the same pin using the circuit shown in Figure
2. Others (8) have used a similar approach to obtain the ECD
signal from cells whose walls are electrically grounded. The
operational amplifier shown is an RCA CA3140S. In all chro­
matugrams reported here, the ECD current is the total unpro­
cessed cell current. For the pulsed mode, :i5·V. 2·~s pulses of
variable period were used. With a pulse period of 300 /.lS. a
standing current of about 2 nA was obtained. at all temperatures,
All ECD circuitry was home-built.

Inn measurements were usually made by monitoring one ion
only during the course of an experiment. Detection of positive
and negative ions was by the counting method (9) using a
Channeltron 4039 electron multiplier (Cameo Electro-Optics
Corp.• Sturbridge, Mass.), An analog signal from a ratemeter
lOrtec, Model 441) is recorded. The mass filter is a quadrupole

0003·2700179/0351·0223S01.oo/0 (¢ 1979 Ameran Chemical Socktty
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FlglMe 1. E'ectron Captwe Detector Ion so....ce of mass spectrometer
shown with the front flange of vacuum envelope

Figure 2. Circuit for measuring the ECO current at the ion source
electrode

(Extranuclear, Model ]62-8) capable of Kreutl'r-thnn lInit mnss
resolution up to about m/(' = 500.

RESULTS AND DISCUSSION
Effect of Applied Fields on APIMS Signals. During

our initial use of the specialized ECDj APIMS instrument
described above, we looked for and usually fillind the negalive
ions of EC·active compounds which have been reported in
other APIMS studies. These include the M and M - CI + 0
negative ions of p-chloronitrobenzene Rnd tetrachlorobenzene
(4), the M- ion of SF. (10), and halide anions of simple ali·
photic chloroclifbons and chlorofluorocarbons (WI, With one
exception (5), our instrument differs from other APIMS
studies in that for the ECD function of the ion source.
electrostatic fields can be applied to the ionizalion region, The
presence of these fields was immediately noticed to hm'e a
pronounced effect on the negalive ions observed under electron
capture conditions. }i'or example, in F'i~ure 3 orc shown two
GC·ECD/MS analyses of azulene. In the first run. the elution
of azulene is signaled by a reduction in the ECD standing
current of about 10%. At mass 128. however, nu negative ion
corresponding to the M- species was detected. In searching
for other possible negative ions of azulene, such as lhe M
H + a anion, none were found for this O.5-nJ{ sample as lonl{
as the ECD pulser was operative. In chromato~ram b.
however, the ECD pulser (+35 V, 300-~s period applied to the
ion source pin) was turned off just prior to the elution of
azulene. An intense negative ion current. corresponding to M
was then observed. This behavior has been the rule for all
negative ions we have observed under electron capture
conditions and is not unique to the example shown. Ions such
as CI-, Br-, SF., SF.-, and those of the type [M - CI + 01
all life afrected by the applied fields in the same manner.

In demonstrating further the effects of puLo;cd fields applied
to the ion source, the example of p-chloronitrobenzene
(PCNB) will be" used most frequently where the sample in·
troduction method is gas chromatography. To show, however,

ECD

o b

Time--

Figure 3. Two GC-ECD/MS analyses of azulene. (a) Both the pulsed.
ECO current and the mass spectrometer ion current of the M- ion of
azulene are monitored simultaneously. (b) The ECO pulser is turned
olf just prior to lhe elution 01 azulene. Sample size. 0.5 og. Source
temperature. 150°C

Figure 4. ECO current and SF6- ion currents measured by ECD/MS
with ECD pulser alternately turned on and off. Sample Is introduced
via a 3.4-L exponential dilution sphere. Initial SF6 concentration 30
ppb (vlv) in nitrogen. Gas flow rate. 60 mL min-I. So...ce temperature.
200°C, Pulse period. 300 ~s

thal the ohservations tu be described are independent of
cumpollnd type and sample introduction method, the case of
SF.; introduced directly into the carrier gas stream via an
exponential dilution sphere is first shown in Figure·t The
injection uf t.he 51-\; C3uses a drastic reduction in the ECD
("urrent and n simultaneous appearance of an intense SF6 ion
signal. As the SF.; l:oncentration decreases expunentially with
time. the Eel) current increases in II manner rou~hly similar
to thut prrdicted if a Beer's law relation hetween ECD current
and SF.; l"tlllcentrat iun is assumed, \Vith the Eel) pulser left
on, the SF.; iUIl current decreases prematurely and goes to
zero wl1lm the ECn current has returned to about 90% of the
orig:inal standing current. By turning the ECD pulser off
intermittently. 8 simultaneuus trace of the SF6 current under
the field-fr(>(> ion souee condition was also obtained. This ion
(~urrent does not differ drastically from the "pulse on" ion
current in the large sample or saturation condition. but di­
verges ('ontinuou~ly from it a...; the SF6 concentration decreases.
Under the small sample cundition where the ECD current is
restured to 90% or greater, a sizable SF6 ion current is still
mensured only in the "pulse ofT' condition.

In Figure 5 is shown the effect of the pulsed field on the
M- ion of p-chloronitrohenzene (PCNB) where this time the
sample is introduced hy gas chromatography. Again. as in
the case of SF•. the ion signal is decreased by the pulsed field
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Finally, in Figure 9 is shown the effect of the ion source field
when oxygen has been added to the carrier gas so that lbe
negative reactive species present are probably 0,- (13) instead
of electrons. This saturated condition is indicated by the low
ECD standing current which accompanies the addition of
oxygen. Under this condition no perturbation of the negative

Figure 9. Effect Of ECO voltage pulses on negative Ions of sample
with carrier gas doped with 1 ppth oxygen. sample. 1 ng p­
chloronitrobenzene. Ion mon~ored.M - CI + 0 negative Ion. SOU'ce
t","perature. 250 ·C. ECO pulser Is t<.mod off and on altemately every
10 s

Flg..-e 8. Effect of polarity of the ECO puJser on the negative Ion signal
of the ECO/MS. Pulse charaet",istics: lal +35 V. lb) -35 V, both 2-/'S
pulse width, 300-/'5 pl-lso period. sample. p-dllotonltrobenzene. Ion
monitored M - CI + 0 negative ion. T = 250 ·C. PuIser turned on
and 011 alternately every 10 5

Time--

Figure 7. Effect of ECO pulser on positive M + 1 k>n 01 p-chloro­
nitrobenzene. PIJIse period, 300 /'S. PuIser limed on and off altematBly
every 10 s. sa~ size. 0.3 09. Sou-ce t~l\re. 250 ·C. CoUm
temperature. 87°C

and is caused to go to zero as the ECD response returns to
about 90% of the original standing current. Again, the ion
signal observed with the pulser turned off seems to reflect
better the degree of negative ion formation which might be
predicted from the ECD response. In Figure 6 is shown the
effect of varying the pulse period of the ECD pulser on the
ion signal of the M - CI + °anion of PCNB. Using a period
of 300 /'s, the ion signal is reduced by the field's presence in
a manner precisely the same as that of the M- ion. With longer
pulse periods, the ECD current is lessened as expected (J I).
Also, with longer pulse periods, the perturbation of the ion
signals by the field is observed to be not so severe. About 1
to 3 ms appears to be enough lime to allow the perturbalion
caused by the pulse to relax significantly back toward an
equilibrium position. Perhaps not coincidentally, this is about
the same amount of time required for an apparent steady-staw
electron concentration to be achieved in ECD studies when
63Ni ionization is used (8, 12).

In Figure 7 is shown the effect of the pulsed field (3oo·/,s
period) on the M + 1 positive ion of PCNB. The applied field
clearly has no effect on the positive ions for all sample
concentrations. In Figure 8 is shown the effect of reversing
the polarity of the pulser (to -35 V) on the negative ions of
PCNB. The fascinating result is that pulsing negalive vs.
positive makes no difference on the negative ion perturbation.
Clearly, the cause of the negative ion perturbation cannot be
related to a simple repeller field affect since, if it were, a
negative field would assist the ejection of negative ions out
of the ion source.

TIme --~

Figure 5. GC-ECO/MS analysis or p-chloronitrobenzene monitoring
the mol"",,1ar anion at mi. = 157. Atter the peak maximum. the ECO
pulser is turned off and on alternately every 10 s. Sample size. 1.0
ng. Source temperature. 250°C. Pulse period. 300 J,lS. Column
temperature. 95°C

Figure 6. Effect of ECO pulse period on negative ion observed with
the ECO/MS. Ion monitored is M - Cl + 0 negalive ion 01 p­
chloronitrobenzene. Pulse periods are (a) 300 J.l.S, (b) 1.0 ms. (c) 2.5
ms. After the peak maxIma, the EeO pulser is turned all and on
atlemately every 10 s. sample size. 1.0 ng. SolWce temperature, 250
°e. ECO standing current in (a) is 2.2 nA
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ion signal is caused by the ECD field.
In summarizing the above set of measurements, it is clear

tbat a pulsed field can alter APIMS signals under certain
conditions of tbe ion source. These effects are strongest in
the low-sample or weak-response condition where electrons
are the predominant negatively-charged species. Under this
condition using pulse frequencies of about 3 kHz or greater,
the negative ion signals, only, are destroyed. Since an ECD
response is observed, however, it seems likely that negative
ions are actually being produced within the ion source.

Candidate Models of the ECD. If it is assumed that the
ion measurements of our ECD/MS renect the transport
(diffusion and migration) of ions to the grounded waIls of our
ECD ion source, these measurements provide a means of
adding further detail to physical events occuring within the
ECD. Thus, we have tried to merge an explanation of the
above experiments with the literature views of the ECD.

Conuentional View. In the ECD, {j radiation initiates a
series of chemical reactions which, even in the absence of
added sample, will produce steady-state concentrations of
electrons, positive ions, negative ions (with sample present),
free radicals, and molecular reaction products (14). For the
pulsed ECD, a generally accepted model of the role of elcctrons
and ions in determining the measured current has evolved (8,
12, 15-21) which states: (I) the current measured is due to
electrons which are drawn to the more positive electrode
during the application of short voltage pulses; (2) the relatively
immobile ions contribute little to the current; and (3) the
entire ionization cell is cleared of electrons during each pulse.
Thus, this view holds that the ECD current is a direct measure
of the steady-state electron concentration achieved at the end
of the field-free period between pulses. Experiments such as
those of Wentworth, Chen, and Lovelock (16), Devaux and
Guiochon (22), and Simmonds et al. (12) in which the effects
on the ECD currents of variations in the pulse width, pulse
period, and pulse voltage were determined have provided
persuasive evidence of the above general model. Further detail
of ECD events, though not essential to its operation, has
sometimes included: (4) positive ions will be in very large
excess of electrons because the electrons diffuse quickly to
cell boundaries (even during the field-free period between
pulses); and (5) the charge associated with negative ions
formed by electron capture is quickly lost because of a much
faster recombination between positive ions and negative ions
than exists between positive ions and electrons (8, 18, 19, 2/).

Reeently, Siegel and McKeown (6) have presented several
criticisms of the above view. They argue that, under the ECD
condition of relatively high ion density, positive and negative
particles do not move independent of one another as they may
in weakly ionized gases, but all move with one characteristic
"ambipolar" diffusion constant. Using an APIMS with a "Ni
ionization source, they provide experimental evidence indi­
cating that strong electrostatic forces between ions and
electrons (which are ignored in the conventional view of the
ECD) cause the maintenance of charge balance in the field-free
ionization source of their APIMS. Thus, it appears that point
4 of the conventional view is incorrect. Siegel and McKeown
also argue with support from the literature and their APIMS
experiments that point 5 is incorrect. Our own measurements
by APIMS support Siegle and McKeown in this later point.
For ..ample, if during the GC elution of a large sample of
CCI., the total positive ion intensity is monitored, this signal
increases about 50% while the source is saturated with CCl,.
Apparently, the recombination of positive ions with negative
ions (Cn is lictually slower than that of positive ions with
electrons.

Modified View A. While Siegle and McKeown (6) did not
address directly the effect of an applied field which must be

present if the ionization call is to function as an ECD, they
maintain that positive and negative charge densities must
remain numerically equal in the ECD. Thus, within the view
of Siegle and McKeown, it is more difficult to envision what
the measured ECD current is due to. A view which may follow
most naturally from Siegle and McKeown's concepts is that
only a very small distance from the electrode surface (one
Debye length) is sampled with each voltage pulse. According
to McDaniel (23), a highly ionized volume of gas is to be
considered a plasma where "when in contact with a physical
boundary, a plasma forms a protective sheath about itself.
The sheath, in effect. separates the main body of the plasma
from its environment. Unlike the main body, the sheath is
not electrically neutral and strong electric fields may be
present in it. The thickness of the sheath is of the order of
a Debye length". Thus, within Siegle and McKeown's con­
cepts and McDaniel's description of a plasma, the current one
measures from an ECD may renect the motion of electrons
and possibly ions only with;;' one Debye length from electrode
surfaces. This distance can be calculated from the equation
(23).

\,..here n is the ion density, E is the dielectric constant, e is the
charge of an electron, k is the Boltzmann constant, and Tis
temperature. Assuming a reasonable value for n to be 2.4 x
10" cm J (6), Ad becomes 33 I'm at 300 0c. Since a typical ECD
cell has an inside diameter on the order of 1 em, this model
suggests that only a minor portion of the total ECD volume
is sampled during individual voltage pulses. This model
contradicts point 3 of the conventional model and constitutes
generally a radical departure from earlier ideas.

Modified View B. An alternative view might be considered
which recognizes the imporlance of electrostatic forces between
ions and electrons, but does not depart so drastically from the
conventional view. This view insists that all electrons within
lhe ECO are removed with each pulse, and then considers the
effects of the positive space-charge field created by the excess
po,itive ions during the period between pulses. We feel that
this view has considerable merit, because point 3 of the
conventional view is strongly supported in different ways by
the ECO literature. Because this is a crucial detail of ECD
theory. the support of point 3 might be recalled. The ex­
periments of Wentworth, Chen, and Lovelock (/6), Devaux
and Guiochon (22), and Simmonds et aI. (12) have already
been referred to. Experiments by Hastings, Ryan, and Aue
(14) and also by Lovelock (/9) have shown that the electron
capture reactions in an ECD cell can be stopped by the
application of a continuous potential of about 50 V. These
experiments suggest that the applied field's presence is felt
throughout the cell, not just within a Debye length from the
electrodes. In other experiments (19,24,25) it bas been shown
that a near-coulometric relationship exists between electrons
lost and moles of sample present in the ECD's response to
some polychlorinated molecules. Either point 3 of the
conventional view is valid or this relationship is coincidental.
Later in this article a theoretical argument supporting point
3 of the conventional view will also be presented.

Interpretation of Results. We would now like to consider
how the mass spectrometric measurements reported here
might be related to the ECD models discussed. All an aid for
this discussion, in Figure 10 is shown a pictorial model of ions
and electrons in a pulsed ECD which may be taken to rep­
resent modified view B if the events suggested are assumed
to take place throughout the entire cell or, alternatively, may
represent modified view A if the events pictured are thought
to occur only at short distances (one Debye length) from the
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Figta'e 10, Representation of the concentrations of charged particles
within a region of tha pulsed ECO. This region exists throughout the
enti'e eel voUne or alternatively near the wei of the ECD. The satlr.lted
condition is caused by the presence 01 an adequately t>gh concentration
of electron capturing molecules In the carrier gas

cell wall. During a short voltage pulse, the electrons are
removed from the entire cell or from the region immediately
adjacent to the cell wall. The relatively sluggish positive ions
are not so strongly affected by the short pulses, and the result
is that a positive space-charge is created. During the time
immediately following the pulse, the positive space-charge will
tend to hold the few negative ions which may be present in
the small sample condition within the space-charge region,
and the negative ions are not observed (thus, Figure 3). The
positive ions, meanwhile, are allowed to diffuse to the cell
boundaries (thus, Figure 7), With longer periods between
pulses, electron concentration is allowed to increase to a point
where charge neutrality may be achieved during the latter
portion of the period and the effect of pulsing on the negative
ion signals at this lower frequency is much less (thus, Figure
6). The positive space-charge which retards the negative ion
signals is created by the removal of electrons, and it might
be expected that this post-pulse condition could be created
by pulses of either polarity. Thus, pulsing the pin positive
or negative causes the identical effect on the negative ions
(Figure 8). In the large sample condition, or with negative
ions in large excess over electrons (saturation), electrons play
a minor role in the maintenance of charge neutrality and the
effect of pulsing the ECD on the negative ion signals vanishes
(Figure 9).

The ECD/ APIMS data cannot be explained solely by the
conventional view of the ECD and clearly indicate the im­
portance of electrostatic forces between charged particles. The
data seem very consistent with modified view B, but, however,
may also be explainable by the less-well defined modified view
A. From the experiments we have described, one can make
an interesting prediction which perhaps can be used to test
the candidate views further. That is that at least some of the
current measured in the pulsed ECD should be due to a
selective positive ion migration to the sampling electrode
during the period between pulses, when negative ions (as we
have shown experimentally), and undoubtedly also electrons,
are held within the space-charge region, while positive ions
are allowed to diffuse out. This current would tend to subtract
from the large negative current caused by drawing electrons
to the pin during a positive pulse. We have tested this
prediction by performing a simple experiment. The ECD
pulser was altered to produce negative, 35-V pulses (as used
in Figure 8). The negative pulses will repel electrons away
from the sampling electrode, and a positive ECD current
should be observed due to the arrival of positive ions to the
pin during the period between pulses as we predict for the

Tim<z /"

Figta'e 11. ECD CIneOl observed at the coIectJon pin of the Ion SOU'ce
using normal posnive voltage pulses (upper trace) and uslng negative
pulses (lower trace). During chromatograms of (a) 3 ng p-<:hlorl>­
nitrobenzene. (b) 10 ng antlvaceoe. ECO ternperan.re. 250°C. PUse
period. 300 ~s

small- or no-sample condition. Two chromatograms using
negative pulses are shown in Figure 11 in the lower traces while
the normal ECD current caused by positive pulses during
repeated analyses is shown in the upper traces. The very
striking result is that in the backwards configuration, a re­
markably high positive standing current results (0.28 as high
as that of the conventional configuration). Furthermore, a
very sensitive response to the electron-capturing compound,
PCNB, occurs. The positive current goes to zero (and a
response occurs) in the saturated condition because negative
ions have replaced electrons, and the pulses then create no
region of positive space-charge. That the response is due to
an electron capture reaction is supported by the lack of re­
sponse to the larger anthracene sample which captures
electrons only weakly, but which we know from our APIMS
measurements undergoes positive ion-molecule reactions very
readily.

In determining whether this large positive ion current ia
consistent with either of the modified views, again modified
view A has not yet been sufficiently defined as to allow too
assessment to be made for it. It will be shown, however, that
the magnitude of current observed with the application of
negative pulses is in good agreement with modified view B.
If the entire cell volume is cleared of electrons during a pulse,
after this pulse a certain fraction of the positive ions will
migrate to the sampling pin causing the positive current, and
some will migrate to the cell wall which is electrically
grounded. The fraction of the total positive ions present which
will move toward the pin will be determined by the field
generated by the positive ions themselves. Ifone assumes that'
initially following the removal of a pulse, positive ions are
uniformly distributed throughout the cell, the electrical
potential at any point within the cell can be calculated by
solving Poisson's equation (26). Assuming infmite cylindrical
symmetry, Equation 1 is thereby derived for the boundary
conditions, that

Po [ In(r/b) ]V ; - (b' - 0') -- + (b' - r)
4'0 In(b/o)

potential V, equals zero at radii, r ; 0 and r ; b, where 0 ia
the radius of the sampling pin and b ia the radius of the
cylindrical cell cross section. Po is the density of the positive
ions, and '0 is the permittivity of free space. For our cell, 0

; 0.79 mm and b ; 5.0 mm. Assuming that Po ia about 2.4
X lOS ions/cm' (6), the electrical potential calculated from
Equation 1 is plotted as a function of r in Figure 12, curve
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Flguro 12. calculated electrical potential, V, within OU' cylindrical EGO
as 8 function 0' distance, r. from the centor of the sampling pin as
predicted by modified view B. CLrJe e shows the potential just es the
pin Is grounded after 8 voltage pulse. when all e~ctrons have been
removed. and 8 unIform distribution of positive Ions remains. Curve
a Is calculated from Equation 1 "text. CLrJe b Is the potential expected
across the cell dll'lng the Ilrst Instant a +35-V pulse Is applied to the
central pin. Curve b Is calculated Irom the equation, V (volts1 = 35
X In (bl,)/1n (bls). Curve c Is also the potential expected during the
applied pulse, but after all electrons have been removed, about 1 JJs
tater. Curve c is the sum of ClrV8S a and b

a This curve shows that the potential caused by the presence
of the uniformly distributed positive ions rises from zero at
the cell boundaries to a maximum which occurs at,~ = 2.57
mm. Thus, we might expect space-charge repulsive forces to
cause the positive ions within r = 2.57 mm to move toward
the sampling electrode, and the ions beyond this distance to
move toward the cell wall. The ratio of ions which may
eventually arrive at the surfaces at, =0 and, =b is equal
to the ratio of the volumes of the cell within and beyond ,~
and is given by

J" (r'mu - 0')

J\ (b' - "mol

where 1+. and J+ b are the positive lon currents arriving at the
sampling electrode and the grounded wall, respectively. For
our cell this treatment predicts r.f/'s to be 0.33. We can
now compare this prediction of modified view B with the
experimental result shown in Figure II, in which the observed
positive current, Itnetl obtained with negative pulses is 0.28
as large as the negative current, I-net observed using positive
pulses. According to modified view B, J+~l might be viewed
as being simply r .. while /""" is equal to the electron current
accumulated during pulses, leI minus the current due to the
arrival at the pin of positive ions during the period between
pulses, again equal to r .. Thus,

A reasonable assumption within modified view B is that I,
= I" + r s' Thus, the last equation becomes

r+nl'l = }+.

J-~l J\
and the ratio of the two measured currents in Figure 11, noted
to be 0.28, is a direct measure of I+.JJ+b- This value compares
very favorably with the predicted value, 0.33, and strongly
supports the validity of modified view B.

Also shown in Figure 12 are the results of additional cal­
culations which we feel further support modified view B over
modified view A. Curve b in Figure 12 is the calculated

potential tbroughout the cell during the application of a
positive, 35-V pulse when the cell contains an equal number
of positive and negative particles uniformly distributed. This
is the condition we might expect to exist during the first
instant of a pulse before any electrons have been removed.
Curve c is the potential expected throughout the cell near the
end of this same pulse (about 1 I-IS later) when all electrons
have been removed by the pulse. Curve c is obtained by the
simple addition of curves a and b. While curve c has some
convex curvature as 8 result of the positive ion space-charge
field, it still has a negative slope at all radii from the pin,
supporting the assumption that all electrons within the cell
will have been drawn to the anode. Only with the application
of smaller voltages would curve c acquire 8 flat or positive
slope, causing an incomplete collection of electrons at the pin.
The insistence of modified view A that charge neutrality must
be maintained at distances greater than one Debye length from
the cell boundaries does not, therefore, seem appropriate to
the pulsed ECD during the application of the pulse. The
forces between charged particles appear to become dominant
only during the period after the pulse.

CONCLUSIONS

We have demonstrated here the existence and theoretical
basis of 8 previously unrecognized component of the current
measured with a pulsed ECD. The importance of positive ions
in affecting the ECD current is undoubtedly a function of the
cell geometry and anode placement. In certain practical
applications of the ECD, such as its use as a gas-phase
couiometer (19,24,25), it is essential that either the positive
ion contribution to the measured current be eliminated, or
that its contribution be understood to the extent that a
correction for its presence can be applied.

The incorporation of an ECD sampling pin into the ion
source of an APIMS is very easily done and provides a
powerful combination of functions which should be useful for
trace organic analysis. In the use of such an instrument,
however, an appreciation of the interdependence of negative
iun signals and the pulsed field used for the ECD functiun
is advised.
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Mass Spectrum Dictionary for Library Searching

R. Geoff Dromey

Department o( Computing Scienca, Un/varsity o( Wollongong, P.O. Box 1144. Wollongong. N.S. W. 2500, Australia

When data can be arranged according to some ordering
principle (e.g., numerical or alphabetical), powerful searching
techniques can be applied to retrieve Information. An expllcn
set 01 procedures Is proposed lor constructing a precisely
ordered mass spectrum dictionary. Performance tests on the
proposed system show that on average less than 1% 01 the
spectra need to be examined In searching lor a given unknown.
The mass spectrum dictionary Is economical on storage and
It will accommodate spectrum varlabllny likely to be found In
a library search environment.

Searching a large lihrary of mass spectra for the best-match
candidates with some particular query spectrum can be a time
consuming process. A number of systems that perform well
on this task have been proposed (1-7). One of the most
successful of the library search techniques is the method due
to Heller (4) which employs an inverted file structure. One
of the only real criticisms of this system is that it is very costly
both in terms of file generation and file maintenance. The
other really serious problem is the size of the file (although
there are ways to alleviate this problem (8)).

These prohlems have prompted the development of a
system that is comparable in performance but which requires
neither the overhead of file maintenance nor large amounts
of storage for the search file.

Searching large amounts of data can be efficient provided
the items can be ordered in some way. For instance, searching
a file as large as a telephone directory by compuler can he
made a simple and efficient task using a binary search al­
gorithm (9). The binary search algorithm guarantees to find
any item in an ordered file of N items in at most log, N steps.
For example only J6 comparisons are necessary to locate any
item in an ordered file of 32000 items. This efficiency is
derived hy taking advantage of the order in the file.

Returning to the mass spectrum context, we find that
searching a library of mass spectra for the best match with
some unknown spectrum is comparable to searching a tele·
phone directory in which the names are in random order.
Obviously such a search system is very inefficient hecause
there is no way of taking advantage of any inherent order in
the data. Series displacement indices (7) and ion series
analysis (5,6) have been suggested as ways of reducing the
portion of the file that needs to be searched. These methods
do not, however, possess the specificity that is desirable in
searching large files; that is, they do not eliminate enough
candidates from the search.

This leads to the question as to whether we can impose some
ordering principle on a library of mass spectra. Any attempt
at such a task must take into account the inherent variability
in the data. In particular, there can be considerable differences

in intensity information for representations of a mass spectrum
measured on different instruments.

A careful examination of a large number of mass spectra
reveals that, in general, there are considerable differences in
hoth mass and intensity representotions for compounds that
are closely similar structurally. Grotch has shown that, when
intensity information is discarded altogether, we still have a
very selective representation (10). It might therefore seem
reasonable that the mass information could he used in some
way to order a file of spectra. However, using the mass in­
formation alone still does not completely remove the intensity
variation prohlem. It will he shown in the next section that
certain intensity related constraints can be placed on the
selection of masses for an ordered representation.

MASS SPECTRUM DICTIONARY
CONSTRUCTION

In order to construct a mass spectrum dictionary, a fiIed
range for selecting masses must be predetermined (for this
to work the mass range 40 - 99 is used). This range is divided
up into 6 ranges of 10 mass units (i.e. 40 - 49, 50 - 59, ...).
The selection rules that are then applied to cope with
spectrum variability are as follows.

(1) Select the mass of the most intense peak in each range
(relative ion ahundance is used for the intensity scale, range
is 0 to 100%).

(2) Make the following checks to determine if there is any
possibility of amhiguity in the selection made: (a) If the most
intense peak in a range is less than or equal to 1%, assign it
to the zero mass for the range and mark it as not amhiguous_
(b) If the most intense peak in a range is greater than 1% and
less than or equal to 10%, mark it as amhiguous_ (c) If the
ratio of the most intense to the second most intense peak in
a given 10 amu range is less than 1.4, nag it as amhiguous_
(The 1.4 eriterion was a heuristic choice made after carefully
examining over 200 spectra that included a number of du­
plicates.). (d) All other peaks that are the most intense in
their respective ranges are considered as unambiguous.

The preceding steps divide the ranges and selected peaks
into two categories: (I) those that are definitive and un­
amhiguous, and (2) those for which instrumental variations
may lead to either no mass or another mass being selected
as the most intense for that particular range.

With this information in hand it is possihle to consider how
representations that can be ordered may he constructed.

Construction of Ahhreviated Mass Spectral Repre­
sentations Suitahle for Ordering. The representation for
each unamhiguous range is just the value of the integer mass
for that range modulo 10 (e.g., mass 43 has the representation
3, and 57 has the representation 7).

The representations for those ranges that have heen flagged
as possihly amhiguous must be treated differently. They are
given two possible representations: (I) the representation they
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Figur. 1. Numeric representBUon fOf 5-hydroxyoctonoic acid lactone

would assume if they were not classified as ambiguous (e.g.,
if the most intense peak in the range 40 - 49 amu is mass
43 at 5%, then 3 is its representation); (2) the second rep·
resentation for the range is a standard default setting of O.
This representation is uitol for linking together spectra of
the same compound that may be distorted with respect to
one another because o[ instrumental variations. The process
must be taken a step further before we can construct suitable
entries for an ordered mass spect.rum dictionary.

Obviously we cannot expect to bave single dictionary entries
for any spectra that have one or more of their ranges flagged
as ambiguous. Also we cannot expect that another repre·
sentation of the same spectrum will have the identical ranges
flagged as ambiguous as in the dictionary entry (e.g., the
dictionary entry may have a peak of9% [ambiguous] whereas
another representation may have the sume mass as 15%
[unambi.'1lous] and vice versa). For this reason the dictionary
must contain all possible permutations of the ambiguous and
unambiguous representations. The finol representation for
8 given speclrum is therefore 8 set of six-figure numbers. It
follows that if n of the ranges houe been flogged as possibly
ambiguous or uncertain then 2n representations for the
spectrum will need to be placed in the dictionary. These 2"
representations should be sufficient to cover all instrumental
variability apart from impurity peaks.

The mass range 40 - 99 was chosen for the representation
on the statistical grounds that most spectra tend to show
considerable fragmentation in this region. Obviously other
ranges may be more appropriate in specialized. circumstances.

The choice of a six·figure representation was made because
it was the smallest representation that gave considerable
discriminating power. Longer representations could also be
used if better resolution was required. However, they in­
troduoe the risk of many more dictionary entries per spectrum
because of the way uncertain peaks arc handled.

The six·figure representations can be sorted into numeric
order along with their accompanying pointers to the corre­
sponding original spectrum.

As an example, consider the dictionary entries for the
spectrum of 5-hydroxyoctanoic acid lactone shown (I1) in
Figure l.

Applying the selection rules previously described we obtain
the representation 25l!H9 where the numbers underlined are
possibly uncertain. The peaks at 69 (9) and 84 (4) are am·
biguous because they are less than 10%. The peak at 71 is

5-HYDROXYOCTAN01C ACIO LACTONC

The uncertain digits arc underlined.

250149

250109

250049

250009

259149

259109

259049

259009

259149
111

259149
110

259149
101

259149
100

259149
011

259149
010

259149
001

259149
666

X=6

X=5

X=4

X=3

X=2

X=l

X=O

Table I. Mass Spectrum Dictionary Entries tor
5-Hydroxyoctanoic Acid Lactone Generated by
Binary Multiplication

X=7

classified as uncertain because its ratio with the peak at mass
70 (the second most intense peak) is less than 1.4. There are
therefore three of the six mass regions that contain repre­
sentations which cannot be guaranteed to withstand variations
due to instrument distortion. Obviously the peaks at masses
42, 55, and 99 would withstand any distortion. In this
particular case, we must therefore generate eight (2no. of WK'VUi.n

" 2') dictionary entries for this spectrum to accommodate all
possible representations. The representations arc given in
Tahle 1. These representations arc entered into the dictionary
at the appropriate place corresponding to ascending numeric
order. Each entry is tagged with an address or label corre­
sponding to the location of the complete spectrum in the
master file.

Procedure for Generating Complete Sets of Dictionary
Entries. The procedure for generating the permutations for
any given spectrum can be formulated as a simple algorithmic
sequence which has the following steps.

(1) Count the number of uncertain digits N in the basic
representation generated using the prescribed selection rules.

(2) Calculate 2N - 1 and assign it to the variable X. The
value of X is one less than the total number of dictionary
entries to be generated for the spectrum.

(3) Calculate the binary representation of X (e.g., 710 ­

111,).
(4) Moving left to right in both the binary representation

of X and the decimal representation of the spectrum generated
by the selection rules, multiply the uncertain decimal digits
by the corresponding binary representation (see Table I).

(5) Subtract one from X (e.g., X = X-I) and if the new
value of X is greater than or equal to 0 go back to step (3)
and calculate another permuted dictionary entry. If X is less
than zero, all the necessary representations have been gen­
erated and so the process can halt.

Construction of an Efficient Search File. There are
two basic options open for constructing an effective retrieval
system based on the abbreviated spectrum representations
that have been described. The first and perbaps most obvious
approach is to sort and place the representations into as·
cending numeric order. The other alternative is to use what
is known as a hashing method to determine where in the file
a particular dictionary entry should be placed. At the expense
of some additional storage, the latter approach can be
guaranteed to be more efficient.

To minimize file maintenance costs (which are already small
because of the highly compact nature of the representation),
the hash table size should be overspecified to allow for easy
additions. If the numerically ordered representation is chosen
it can probably best be implemented as an indexed sequential
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file (12). The latlA!r allows easy updalA!8 while restricting the
rearrangement of the file.

Spectrum Retrieual from a Numerically Ordered File. The
most practic~ and efficient way ta search a numerically
ordered file IS to apply what is known as a binary search
algorithm (9). This search procedure uses information about
the order of the file ta remove from further consideration half
of the remaining entries in the file with each comparison made.
The basic procedure is ta take the number sought and compare
it with the number in the middle of the file. If it is less than
the middle value, we can discard from further consideration
all the values in the top half of the file and vice versa if it is
grealA!r than the middle value. We then repeat the process
with the remaining half of the file by dividing it in turn in
two. With just two comparisons, three quarters of the file
entries will be eliminalA!d. The bisection procedure continues
until we find the number we have sought or until we have
established that it is not in the file. Analysis of the binary
search procedure tells us that we never need to make more
than log, N + 1 comparisons and that on average only log,
N - 1 will be needed (9). If N is, for example, 60000 which
is probably typical for a large library of mass spectra, then
on average only 16 entries in the file will need ta be examined
to find the address of any particular representation.

Spectrum Retrieval from a Hash-Stored File. It is common
practice in computing science to use a hashing technique to
retrieve data from a large file. It has also been used in
chemistry for molecular formula retrieval (4). Hashing is
usually favored because of its high efficiency for retrieval (9,
13). The basic idea of hashing is ta take the numeric rep­
resentation of the data to be stared and transform it in some
way ta produce a representation-dependent location at which
the data are to be stored. Such hashing transformations are
usually not unique. It is, however, usually easy to find a
suitable transformation that will map the original data into
a retrieval file that contains about twice as many locations
as representations to be stored. Theoretical analysis of such
systems indicates that on average less than two positions in
the table will need to be examined to locate any particular
representation. Detailed procedures for implementing hash
files can be found in Knuth (9) and Severance (13). A linked
overflow storage area (13) is the most suitable method for
handling mass spectral data because of the fact that most
representations occur more than once in the file.

To locate an item in a hashed file, the rcpresentation that
is sought is hashed to produce a location at which to begin
the search. The value stared in the calculatA!d location is then
compared with the number sought. If they match, the search
terminates; otherwise adjacent locations are examined until
the desired match is found. If in this subsequent search an
empty location is encountered, this signifies that the rep­
resentation sought is not present in the file.

The Search and Matching Procedures. The following steps
must be carried out ta locate the set of spectra most like some
unknown spectrum being sought.

(1) The selection rules are applied ta the unknown spec·
trum, establishing its numeric representation and its uncertain
peaks.

(2) The permutA!d set of dictionary entries is then generatA!d.
(3) The addresses of all the dictionary entries are then

located by hashing or binary search depending on the file
representation chosen. These addresses are pointers ta where
the compielA! spectra are stored.

(4) The seleclA!d set of complete spectra is then retrieved
and compared against the unknown spectrum using some
standard matching procedure.

The merging process is easily implemented with a bit vectar
which has as many bits as there are spectra in the file. As
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Table II. Number or Sample Spectra Requiring Leaa
than X% of the File to Be Searched

no. of spectra requiring
less than X% of file to percentage of file

be searched searched (X%)

26 0.1
41 0.25
50 0.5
68 1.0
82 2.0
92 3.0

100 over 3

each spectrum number is found, the corresponding bit is set
in the bit vectar.

RESULTS AND DISCUSSION
To IA!8t out the feasibility of the procedures that have been

outlined a set of 10000 mass spectra were studied and an­
~Iyzed. The first parameter of interest for files of this type
IS the average number of representations per spectrum that
are needed ta cover all possibilities introduced by peak un­
certainties. It was found that 60894 representations were
generated for the 10000 spectra. That is, on average just over
6 dictionary entries per spectrum are needed ta construct the
dictionary. The size of the file processed ta obtain this result
should be large enough ta guarantee its statistical significance
for any general file of mass spectra.

The other important parameter for gauging the effectiveness
of this method of spectrum retrieval is the average number
of complete spectra that are required to be matched for a given
query spectrum. To estimate this performance parameter,
100 spectra from the file of 10000 were selected at random
to remove any bias. Dictionary entries for each of these
spectra were then generated and the corresponding number
of spectra retrieved in each instance was calculated. The
search results for the 100 spectra are summarized in Table
II. Averaging the results for the 100 spectra searched for,
It was found that 0.98% (-1 %) of the fIle had ta be matched.

The results in Table II indicate that we expect a quarlA!r
of the searches that are made ta require searching of less than
0.1 % of the file. The table also shows tbat, on average, half
of the spectra will require less than 0.5% of the file ta be
searched and that a total of 92% of the spectra require less
than 3% of the file ta be searched.

One spectrum in the set took 5.88% and another spectrum
required 7.92% of the file ta be searched. The latter spectrum
had 5 of its 6 peaks flagged as uncertain (e.g. !l:}7illJ with
only the mass 77 being unambiguous. There were therefore
32 (i.e., 2') dictionary entries for this compound and so,
because of the considerable number of aromatic compounds
present, 7.92% of the file had to be searched.

There were nearly 1000 representations that had all zeros
as their representation (e.g., 00000o). The high number of
these representations is due ta a number of factors. A number
of spectra in the data set do not have mass measurements
taken until after mass 100. Ideally these anomalous data
should be removed. Other spectra (mostly aromatics) have
only a very few low intensity peaks below mass 100 while some
have low molecular weights with only small peaks in the mass
range 40 to 99, The latlA!r groups obviously have 00000o as
a legitimalA! representation. The most practical approach ta
this problem is ta use another range (e.g., 100 - 159). The
000000 representation then disappears from many of the
dictionary entries for the spectra in this group. An effective,
~lthough not strictly correct approach ta the problem, is ta
Ignore the 00000o representation when performing retrievals.

Where library spectra have not been recorded over the
prescribed range (e.g., down ta mass 40) obviously we CWIDot
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expect their representations to be accurawly described in the
file. This problem is an inadequacy in the data rather than
in the search strawgy and as such it is the responsibility of
those in charge of maintaining the inwgrity of the data base.

One approach that will accommodaw "incomplew" spectra
is to separaw them all from the main file and creaw a second
file ordered on a mass range for which those spectra arc
defined, Both files would then need to be searched with their
respective representations of the query spectra. In most
instances presumably the latwr file would be relatively small.

In discussing the performance of the syswm the preliminary
searches of the dictionary have been ignored because of their
very small overhead relative to spectrum matching operations.
Further, the number of comparisons for retrieval from both
a hash file and an ordered file are known and have been
complewly characterized by theoretical arguments (9).
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Optimizing Precision in Standard Addition Measurement

Kenneth L. Ratzlall

Department of Chemistry, The Michael Faraday Laboratories. Northern illinois University, DeKa/b. Illinois 60115

Equallons are presented and ploUed which describe the effect
or the Increment size on the precision or a standard addillon
or standard subtraction measurement. Linear, exponential,
and logarithmic Irensfer 'unctions are considered In which the
uncertainty may lake several forms.

The standard addition (SA) technique (also called known
addition, stondard increment, or known increment) is well
known to be of value when solution conditions are not readily
reproducible in reference media (I). In this technique, a
measurement is made on the analyte followed by the addition
of a known quantity of standard and a second measurement;
the original quantity of analyte is then computed without
reference to a calibration curve.

The increment si7" must be chosen such that good precision
can be maintained in the measurement and the solution
conditions are not disturbed (I). In this paper, the choice of
increment size will be discussed os it relates to precision.
Although SA is in common use, the increment size has received
little or no atwntion except in de polarography where, for
example, Lingane suggests that the increment should double
concentration (2).

There are several criwria which although seldom mentioned,
must be satisfied for SA utilization.

(I) The instrumental technique must either have a linear
response with concentration or must have a known transfer
function over the range of concentrations encountered.

(2) The chemical syswm must be free of deviations from
linearity over the range of concentrations observed; these
deviations could be caused by effects relaWd to complexation
equilibria, ionic strength, pH. free electron concentration in
flames, etc. A large increment may shift these equilibria and
produce nonlinearity.

(3) The intercept must be known; generally it is considered
to be zero.

The increment may be either positive or negative; II negative
addition, or standard subtraction, occurs when the added
reagent removes analyte from availability to the measurement
system. This is in many \I.ays similar to an increment-al or
Gran plot titration (3).

The advent of computer-controlled instrumentation has
made possible automated SA measurements (4,5). It is now
feasible, after computing a first approximation of the con­
ctntration from the initial measurement, to determine an
optimum addition based on the initial value. Consequently,
a better understanding is needed of how precision relates to
increment size. Because the increment size is to be determined
after the first measurement, standard addition measurements
in which 1\\'0 samples are taken and one is incremented before
chemical workup are outside the scope of this study as are
all errors and uncertainties associated with the sample
preparation. Only the measurement step is included.

PRECISION OF SA MEASUREMENT
Factors affecting the choice of increment size nrc examined

herein by cunsidering: the contribution of various types of
uncertainty for each of several transfer functions. For any
measurement the overall uncertainty, expressed as the relative
standard deviation, is equal to the square root of the sum of
the squares of the relative standard deviation due to each
source of uncertainty. The relative standard deviation is
determined using propagation of errors mathematics. This
approach has been used on several occasions (6-8) for single
measurement techniques so that certain types of uncertainty
are well defined.

The following transfer functions will be considered.
(a) Linear. Examples include atomic or molecular

nuorescence spectroscopy, name emission spectroscopy, and
voltamrnetric techniques.

(b) Exponential. An example is potentiometric mea­
surement.

(c) Logarithmic. Molecular and atomic absorption spec­
troscopies are included.

0003-270017910351-0232S01.0010 Ii:> 1979 Ame<ican Chemical SocIety
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After addition of m, moles of standard, the second mea­
surement is made. The increasingly common use of micro­
pipets which reproducibly dispense volumes under 10 ~L

makes reasonable the assumption of negligible dilution. Then,

X, = k(m, + m,)/V (2)

where aXI'!. and aX22 are the vRriances in XI and X2 respec­
tively. The percent relative standard deviation, %u, = (u,fm,)
X I()()% is then written in terms of m, and m, using Equations
I and 2,

%u, = «ux.'(m, + m,)' + ux,'m,')V'/k'm,'m,')'/' X
100% (5)

Since the variance in ml will be the result of the variances
in the measured parameters, the variance in m I can be
computed using propagation of error mathematics (9) if the
contributing variances can be defined. The variance in ml

(u,)', can be written as

( X)' ( X )'(12 - CJ 2 m 2 + CJ 2 m 1
, - X, '(X, _ X,)' -', '(X, - X,)'

(4)

(9)

-.-.~
B

A

In terms of R,

(
(I + 3R" + 2R-') V )1/'

%u" = Pkm, X 100%

Equation 9 is plotted as curve B in Figure I vs. R for kmI! V
= 2.5 X IOS/P.

Proportional Uncertainty. Where the standard deviation
terms in Equation 5, I1Xl and I1X2' are proportional to Xl and
X" respectively, ux, ; ~X, end ux, = ~X, where ~ is the
proportionality or "flicker" factor. The relative standard
deviation becomes

%u,,,, = V2Wm, + m,)/m,) X 100% (10)

In terms of R

V2W +R)
%u'''' = R X 100% (11)

Equation 11 is plotted as curve C in Figure 1 for ~ = 0.002.
Exponential Transfer Function. For the common ex­

ample of this function, potentiometric measurement, the
measured value is proportional to the logarithm of the
concentration, Le., for the analyte.

X, = X o + S In (m,/V) (12)

and after the addition
X, = Xo+ S In «m, + m,l/v) (13)

III these equations Xois a constant, and S is the slope of the
plot of potential against the logarithm of concentration; the
theoretical value of S is the well·known RT/nF where R is
the gas constant, T is the temperature, F is the value of the
Faraday, and n is either the number of electrons transfered
at a Redox electrode or the charge of the selected ion at an
ion·selective electrode. Solving Equations 12 and 13 for m..

mt = m,j(eIX, • X,IIS - 1) (14)

Independent Uncertainty. Again applying propagation of
error mathematics, the variance in m, for exponential transfer
function, I1r

2, is

,..-;.·~"'---.~o,o'l::,,--~---::c-~---'-':"-_,,::
INCREMENT RAllO

Figure 1. Percent relative standard deviation as a function of In­
crement·to-analyte ratio. (A) Linear translBl' lonction and~
uncer1Blnty (Equation 7). uxVlkm, = 2 X 10--'. (6) linear transfer
function. square root uncertainty (Equation 9). Pkm,1 V = 2.5 X 10'.
IC) (I) Linear translBl' lonction. proportional uncer1Binty (Equation 11).
~ = 2 X 10-3. (ii) Also represents exponential transfer function.
independent oncertainty (Equation 15). uxlS = 1.4 X 10--'. (0)
Exponen1lal trans!... lunetioo. indepencIen' uncer1akrty i1 slope (Eqoa_
17). u,IS = 1.4 X 10"

and is often termed "shot noise". Substituting into Equation
5, the relative standard deviation is

%u" = «2m,' + 3m,m, + m,,>V/Pkm,m,')'/' X 100%
(8)

(3)

(1)X, = km,/V

m, = m,X,/(X, - X,)

Independent Uncertainty. Where the uncertainty is in·
dependent of the measured parameter, the standard deviation
of the measurement can he defined as a constant, ux, so that
Ux = I1Xl = UX2' Substituting into Equation 5, the percent
relative stnndard deviation due to independent uncertainty,
%u/,,,, is

uxV(m,' + 2m,m, + 2m,,>'/'
%u/i = km,m, X 100% (6)

It is useful to present %u'; as a function of the ratio of
increment to analyte, R, where R = m,/m,. Then

Ux V(I + 2R" + 2R-')'/'
%u,; = km, X 100% (7)

Equation 7 is plotted as curve A in Figure I vs. R for Ux
= 2 X 10-3 km,/ V. It should be noted that R may assume
negative values when a standard subtraction is carried out.

Square Root Uncertainty. When the standard deviation
is proportional to the square root of the signal level, ux, =
(XI! P)'/' and ux' = (X,j p)'/'. The conversion factors
grouped in P are discussed in references 6 and 8; X/ P ef·
fectively represents the number of discrete events (photons
or radioactive decay counts) included in the measurement,

Solving for m"

For spectroscopic measurements, the fundamental nature
of the uncertainties has been discussed previously, and these
uncertainties have been grouped into three categories (6-8).

(a) Independent. The uncertainty in the measured pa­
rameter is independent of the magnitude of the value.

(b) Square root. The uncertainty is proportional to the
square root of the magnitude of the measured parameter.

(c) Proportional. The uncertainty is proportional to the
measured parameter.

For electrochemical measurements and most others, there
appear to be no fundamental sources of noise except for
independent uncertainty generated by noise in electronic
circuitry and either digitization or meter/recorder reading
uncertainty.

Linear Transfer Function. A quantity of analyte, ml

moles, in volume, V, is related to the readout, X I by a pro·
portionality factor, k.
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(a • + a ')m 'e'IX, - X,I/S
CT 2 = Xl X2 2

• SO(eIX, - X,I/S - I)'

The only type of uncertainty in the signal is independent,
contributed by Johnson noise in the amplifiers and noise
pickup in the electrodes. Consequently. both standard de­
viations can be written as ax. Including Equations 12 and
13, the percent relative standard deviation is then

2ax(m, + m.)
"10 ad = Sm. X 100"10

In terms of R
2ax(I + R)

"100,; = SR X 100"10 (15)
INCREMENT RATIO

Figure 2. Percent relative standard deviation as 8 function of In­
crement-to-analy1e ratio for logarithmIc transfer function, independent
uncertaInty (Equation 23) where (],11 0 = 4 X 10-4

measurement of 101 I,. and /2 respectively. Substituting for
10, I" I,

aA" = L( 2.;~lor+ C~~~~~:;:Lr+

(
a/2m, ).

(21)
2.3kIom.1 o-'(m,+m,)

where k = ,bl V.
Independent Uncertainty. If the uncertainty in I is in­

dependent of I, all standard deviations can be set equal, i.e.,
(1/:;;;; 0'/0 ::;;: 0'" ::;;: un- Then the relative standard deviation, %O'Aj

is

"IoaA; = 2'30;;okm,~L + (::I:_:~~' +

~c' I)' 'I' X100% (22)
m210- m.+m2

Substituting A = km" R = m.lm,

%aA; = 2.30~lloA, (L + (~I:'~'r+

(
I )')'/' X 100% (23)RIO-A,(l + HI

This equation is plotted in Figure 2 for various values of
A, where a/ = 4 X 10" I ..

Square Root Uncertainty. If the uncertainty in I is due
to shot noise, "I, = (/01 P)'/', "/I = (/I! P)'/', "/2 = (/.1 Pl'/'.
Substituting into 21 and solving for the relative standard
deviation,

o/O(1A,.f =

Equation 15 has a dependence on R identical to that of
Equation 10 so that it may be represented by Figure I, curve
C, where "x =1.4 X 10.3 S.

Slope Uncertainty. A second independent uncertainty to
be considered in a potentiometric measurement is the standard
deviation, "" in the slope. S; S must be determined before
Equation 14 can be applied, but is dependent on temperature
and the condition of the electrode. The uncertainty in the
entire measurement, (1, " due to slope uncertainty is found
from application of pr~pagation of error mathematics to
Equation 14.

a,., = a,(X, - X,)m.eIX, - X,IIS/(SO(eIX, - X,l/S - I)')

Combining with Equations 12 and 13 and dividing by m"
the relative standard deviation is

",(m, + m.) In «m, + m.)/ml)
"Ioa'.f = Sm. X 100"10 (16)

In terms of R,

0,(1 + R) In «(I + R)/R)
"Ioa,.< = SR X 100"10 (17)

Equation 17 is represented in Figure 1 as curve D where
a, =1.4 X 10-3 S; i.e., for a slope of 59.2 mV per decade, ",
is about 0.1 mY.

Logarithmic Transfer Function. For absorption
measurements, the measured values, transmitted and incident
intensities, I and 10, are logarithmically related to concen­
tration. Thus, according to Beer's law, for the analyte of
concentration of m,1 V,

In (10/1,) = 2.303,bm,/V (18)

where, is the molar absorptivity and b is the path length.
After the increment,

In (10/1.) = 2.303,b(m, + m.)/V (19)

Solving for m"
In (1,/10)

m, = m'ln (lz/ I,) (20)

At least three measurements must be made, I" I,. and 10,

The latter may be made either once or twice depending on
whether a single or double beam instrument is used; L will
represent that number and may be 0 or I.

The variance in ml' t1 A2 is

(
a/,m. ). (a/,m.ln(lz/Io))'

~'=L + +
10 In (1z/1,) l,(ln (lz/I,»'

(
a/tm. In (1,/10»)'
I.(ln (lz/ I,»'

where 0/" all and a/. are the standard deviations in the

I (L (m, + m,)'-- -+ +
2.3km, loP mz'IoPIo·.m,. )'/'m,

X 100%
mz'IoPlO'.lm, + m,J

In terms of R and A,

I (L (I + R)'
%0 = -- -+ +

A, 2.3A, loP R'IoPlO-A,

1 )'/' X 100%
R'IoPI0-A,(l + H)

(24)

(25)



(27)

INCREMENT RATIO

Agure 3. Percent relative standard deviation as a function of In­
cremenHo-analyte ratio for logarithmic transfer funcUon. square root
uncertainty (Equation 25). where Plo := 4 X 1011

INCREMENT RATIO

Figure 4. Percent relative standard deviation as a funcUon of In­
crement·to-analyte ratio for logarithmic transfer function, proportional
uncertainty (Equation 27) for ~ ; 2 X 10"

Equation 25 is plotted in Figure 3 for various values of A,
where 10 ; 4 X IOs/P.

Proportional Uncertainty. Finally, if the measurement is
"nicker" limited, i.e., the standard deviation is proportional
to the signal by the factor~, qt,; ~/.. ql, ; ~/" qt,; 0,· Then
the variance in mt is

q,..' ; L( 2.3~3k)' + ( ~~n;~:k::)r+

C.3~;~mJ

ANALYTICAL CHEMISTRY, VOL. 51, NO.2, FEBRUARY 1979 • 235

The relative standard deviation is

~ ( (m1 + m2)2 (m,)2)'/2
%q,.p ; 2.303km, L+ --m-- + m2 X

100% (26)

In terms of AI and R

%q,.p; 2.3~3Al(L + (1; RY+ (~y)'"
Equation 27 is plotted in Figure 4 for E; 2 X 10-'.

DISCUSSION
Aside from the equations which have been presented, there

are several noteworthy points concerning the choice of in·
crement size.

(I) When R is significantly less than unity, significant loss
of precision results.

(2) The standard subtraction method is quite attractive
although care must be taken to assure that R is less than one.

(3) In absorption spectroscopy, the uncertainty will always
go through 8 minimum since the variances from each source
are additive.

Although for some techniques, the uncertainty monoton­
ically decreases with R, it is important to note that a large
addition may change the solution conditions and consequently
the slope of the transfer function (I). Consequently the
equations developed herein should be used primarily to
determine minimum values of R.
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Fluorescence and X-Ray Photoelectron Spectroscopy Surface
Analysis of Metal Oxide Electrodes Chemically Modified with
Dansylated Alkylaminesilanes

Henry S. Whne
'

and Royce W. Murray'

Department of Chemistry. University of North Carolina, Chapel Hill, North Carolina 27514

Densyl chloride Is coupled to an alkylamlnesllane bound to a
metal oxide electrode lurlace and the lullonamlde hydro­
Iytlcally cleaved from the lurlace. Fluorometrlc analysis of
the hydrolysate IUlionamide concentration assays HI surlace
concentration at 0.5-2 X 10-10 mol/cm'. XPES determination
oIlUlfonamlde reaction coupling afflclency yields an average
alkylaminalliane coverage of 2.6 X 10-10 mol/cm'. A small
amount 01 coadsorbed dansyl chloride was detected and
quanlJteUvely dIsIInguIshed 'rom IUlionamkle hydrolysate using
the lIuorescence spectrum.

SnO, (I), RuO, (2), Pt/PtC (3), Si/SiO (4), and TiO, (5)
metal oxide electrode surfaces react with and bind chiaro- and
alkoxysilanes, of which 3-(2-aminoethylamino)propyltri­
methoxysilane (en silane) is an example. The bondinK is
sufficiently stable that surface structure-elaborating proce­
dures such as amide·coupling (2, 3) to the immobilized amine
group can be carried out to attach electrochemically int.cresting
molecules to the electrode surface. Such synthetic endeavors
pose significant sensitivity problems for composition, mo­
lecular structure, and dynamical characterization of the
chemically modified surface, since the electrode ordinarily is
s flalsurfaced material of 8 few cm2 arco, and monulayers of
typical molecular substances, as deduced readily from mo­
lecular models, amount to only about 10- 10 mol/cm'.
Spectroscopic methods which have been brouKht to bear on
modified electrode surfaces include X-ray photoelectron
spectroscopy (XPES) (I, 6), inelastic tunneling electron
spectroscopy (7), Raman spectroscopy (8), and secondary ion
mass spectrometry (9).

Many Ouorescent coupling reagents exhibit sufficient
sensitivity {or analysis of solution concentrations ot the
10-1-10-' M level. This paper selects one of these, dansyl
chloride (dansCn (10, 1J) to explore the information which
can be obtained on surface structure and coverage on silanized
metal oxides using the reaction scheme

~~H~ 0" +H. ~"H~
N(CH", MeNJ', (3)

where the Ouorescence spectrum of the surface hydrolysate
solution from Reaction 3 is measured in 8 conventional
manner, and its intensity is used to assay concentration of

1Present address, Department of Chemistry, University of Texas,
Austin, Texas.

cleaved sulfonamide. This strategy is similar to that of
Whitesides and co-workers in their studies of pol}mer surfaces
(12,13).

The Ouorescence results support the sulfonamide bond
formation indicated in Reaction 2, and in concert with
complementary XPES experiments, are used to determine
absolute coverage of the electrode by bonded a1kylaminesilane.

EXPERIMENTAL
Electrodes. Fluoride-doped 8002 films on glass (J) were

sonicated in heptane, water, methanol, and rinsed with water as
a standard cleaning: procedure. Some specimens for XPES were
refluxed in concentrated Hel and heated at 450°C for several
hours to reduce N 1s and S 2p backgrounds. RU02 films on
titanium metal disks (bal h sides) were prepared by 8 RuCI36

butanol spray procedure (2, 14). Pt samples for XPES were mirror
polished disks (I I'm diamond paste) vacuum dried at [>0 °c; those
for nuorescence were unpolished nags of geometrical area 1.9-3.4
cm.2 Oxide films were deposited by nnodization at +1.9 V vs. SCE
in 1 N H2S04 after potential cycling had produced a Rtable
oxide-hydrogen wave pattern. The microscopic roughness of the
platinum electrodes was estimated at 1.34-1.62 from the charge
under the hydrog:en waves 0.5). Pt flogs were recycled by brief
exposure to aqua regia.

Chemicals. 3-(2-Aminoethylamino)propyltrimethoxysilane
(en silane) (Petrarch, PCR) was vacoom distilled (ca. 4 Torr, 108
·C) immediotely before use. Dansyl chloride (dansCI), 5-di­
methylaminonaphthalenesulfonyl chloride (Pierce), was peri­
odically recrystallized (bright oronge) from heptane/acetone (16)
to remove dansic ocid contaminant. Pure dansic acid and dansyl
sulfonamide (Pierce) were used as received. Benzene and toluene
were dried over Nao, acetonitrile over molecular sieves.

Reactions. Silanization. The vacuwn oven dried (SO °C) oxide
electrode was exposed as in "Method C" 0 7) to a 5% en silane
solution in benzene or toluene for 5 min at room temperature
(using syringe and serum cap techniques to exclude water), washed
5 times with dry toluene, soaked in water or methanol for about
5 min, and air dried.

Dansylation. Reaction 2 was carried out by exposing the
silanized electrode to a ca. 4 X 10':\ M dansel solution in dry
acetonitrile plus a few drops of 2,6-lutidene. Reaction times of
20 h at room temperature and 5 h at 50°C produced indistin­
guishable fluorescence-measured coverages. The dansylated
surface was washed overnight in acetonitrile and then for 1 day
in ethanol. Adsorption control reactions. using: dansyl chloride
with unsilanized surfaces and dansic acid with silanized material,
followed the same procedures. Dansylation of surfaces using
aqueous alkali solutions (12) was unsatisfactory because of
XPES-indicated hydrolysis of the silane-electrode bonds.

Surface Hydrolysis. The dansyl sulfonamide was cleaved from
Pt and RuO, surfaces (Reaction 3) by immersion in 3 mL 0.1 M
KOH/ethanol for 2 h. Complete c1eavoge was ascertained by
subsequent XPES observation of Si 2p and S 2p at background
levels. For SnO,. 1.5 mL ofO.t M KOH/ethonol was confined
to a 2.4-cm Ld. circle on dansylated Sn02 using a glass ring barrier
scaled to the SnO, with a thin layer of paroffin; ofter hydrolysis
this solution was pipetted off, the surface rinsed with a fresh 1
mL, snd the combined solution diluted to the 3.8-mL volume of
the fluorescence cell.

Instrumental. XPES spectra were obtained using a DuPont
6508 Electron Spectrometer. Fluorescence measurements were

OOQ3.2700f79f0351-ll236$Ol.00fO e 1919 American Chemical SoQoIy
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Table I. XPES Results for Dansylated Surfaces and Dansyl Standarda

standards binding energies£! S 2p, ev N ls, ev

dansy) chloride 168.4 ± 0.1 399.5
dansyl sulfonamide 168.5 ± 0.1 399.6
dansic acid 167.8 ± 0.1 402.2

dansylated surfaces

SnO,/cn/(dansCI) 168.7 ± O.l b 399.7
SnO,/(dansCI) -168.9c 399.2
SnO,/en/(dansic acid) -167.9c 399.3

relative intensities atom ratio
IN/Is N/S cQuplina efficiency.' %

36,47,52,65,52,
37,41 (av 47± 8)

1.75d
5.52,4.42,4.06,3.45

4.10,5.42,4.91°

dansyl sulfonamide
SnO,/en/(dansCI)

2.00
6.35, 5.08, 4.69,

3.97,4.72,6.23,
5.65,5.77,4.70

Pl/PLO/en/(dansCI) 5.02,4.09° 5.77,4.70 40,52 (av 46 ± 8)

a Referenced to C Is as 285.0 eV. b Av of 14 samples. C Weak bands, approximate values. d For comparison, theor4
etical IN/Is· 2aN(l254 - 400)'·H /as(1254 - 169)'·H ·1.70. ° Corrected for background N Is (ea. 30%) and S 2p
(ca. 20%). f Afler correcting NIS for adsorbed dansCl, calculated from 200/IN/S - 1].

Figure 1. XPES spectra of indicated elements on Curves A: 5n02:

Curves B: SnO,/en/(eiansGII; S 2p XPES on Curve C: PI/PlO; Curve
0: PI/PlO/(eiansCI); Curve E: PI/PlO/en/(eiansCI)

made with a Perkin-Elmer Hitachi MPK-2A spectrometer using
an excitation wavelength of 33~ om. Emission and excitation slits
settings corresponded to lO-nm bandwidths.

Fluorescence Standards. A molar excess of N,N-di­
methylethylenediamine (0.2 mL) (or en silane or n-butylamine)
added to 10 mg dansCI in enough dry acetonitrile to make a l(}.mL
solution gave after 2-3 min of mixing a pale green sulfonamide
solulion which was then diluted 1/10000 with 0.1 M KOH ethanol.
Further dilutions to 3 X 10-8 to 4 X 10-7 concentrations were used
to prepare (linear) fluorescence intensity calibrations. Solutions
of dansic acid in 0.1 M KOH/ethanol were similarly prepared.

RESULTS AND DISCUSSION
Surfacc Structurc and Covcragc. Preliminary XPES

experiments were conducted to ascertain suitable conditions
for Reaction 2 since the sulfonamide coupling reaction plus
possible associat.ed adsorption effects had not been previously
studied on alkylaminesilanized surfaces. SnO, was used for
these experiments for its low N Is and S 2p background levels.
The SnO, XPES spectrum afwr silanization (SnO,/en surface)
displays N Is and Si 2p bands, and the Sn 3d,/, band is
reduced to 0.49 ± 0.27 of its original intensity, in line with
previous experience (I, 17). Following the dansylation Re­
action 2 (conducwd as in Experimental), furlher increase in
N Is is seen as is a new S 2p band at 168.7 eV as shown in
Figure lB. This binding energy is near that (168.5 eV)
obtained for authentic dansyl sulfonamide (Table I and Figure
2). Binding energies for S 2p in standard dansyl compounds
(Table I) show that sulfonamide is distinguishable from dansic
acid but not from dansCI. Thus the XPES data support
sulfonamide bond formation but do not cleanly separate it
from possible inwrfering coadsorption of dansCI on the metal

0.69 ± 0.16 1.52 ± 0.01

1.02 ± 0.04 2.56 ± 0.09
1.77 t 0.64 3.37 ± 0.76
6.20 ± 0.40 2.83 t 0.09

dansyl chloride +
N,N-dimethylethylenediamine

dansyl chloride + n-butylamine
dansyl chloride + en silane
dansic acid

a Measured at 460 and 510 om and given in arbitrary
fluorescence intensity units; used to calculate hydrolysate
concentrations from hydrolysate fluorescence with equa­
tions:

1.160 ;::: K.u (amlde)[sulfonamide] + K.u(acid) [dansic
acid]

luo"" KSlo(amlde)[sulfonamide] + K uo (ac1d) [dansic
acid]

Table II. Fluorescence SensitivitiesO of Variou8 Dansyl
Sulfonamide Models of Dansylated Surface Hydrolysate

K.uo X 10-1 KilO X 10-1

oxide surface. This question becomes resolved by the
fluorescence measurements as shown below.

The dansyl sulfonamide formed by solution reaction of
dansCI and N,N-dimethylethylenediamine yields in 0.1 M
KOHlethanol a fluorescence emission centered at 510 run and
with intensity permitting measurement at quite low con-

Figur. 2. XPES N 1s and S 2p spectra lor Curves A: pure elansyl
amide: Curves B; pure dansle eeld: Curves C: recrystallized dansel;
Gurves 0: elansCI with ca. 5% elanslc acid; Curves E: elansCI wtth
ca. 50% dansle aeld

r

f

l··
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surface coverage X 1010

ramide

l'amideb l'dansCl b rsilancd I'dansCl

0.54 0.13 1.2 4.2
0.97 0.25 2.1 3.9
1.12 0.17 2.4 6.6
1.20 0.14 2.6 8.6
1.21 0.15 2.6 8.1
1.41 0.13 3.0 10.8
2.33 0.26 5.0 9.0

1.21,0.30 0.18, 0.05 2.6 6.7 , 2.0
(0.28)C (0.07)C (3.9)C
3.15 0.51 6.6 6.2
4.11 0.59 8.6 7.0
3.61 0.11 7.5 32.8

0.07. ' 0.01,
0.18
0.04, ' 0.03,

6.9
3.4
2.3
1.95
1.3
1. 7 J

3.2

(0.9)C
5.0
6.1
1.3

0.7-1.8
1.9
0.2-1.2

2,92
1.32
1.53
1.63
1.06
1.92
2.81

(0.36)C
3.10
4.25
3.11

RuO,/en/(dansCI)'

SnO, /en/(dan.CI)'
adsorption controls
Pt/PtO/(dansClt
RuO, /( dansCI)
Pt/PtO/en/(dan.ic acid)

(average of 16 dclcrm.)

samples

Pt/PIO/en/dansCI)C
(illustrative examples)

Table III. Surface Coverage Re.ulla for Dansylated Surfac..

hydrolysate conc, MO

a Concentrations in hydrolysate of dnnsylalctl us determined by two-component fluorescence analysis. b Calculated
from hydrolysate concentration and volume (2-3.8 mL), and electrode area (1.9-3.4 cm l

). C Surface coverages on Pt
include roughness correction factor (1.34-1.62) as measured with hydrogen adsorption waves. d Calculated from
rarnlde/0.47 where 0.47 is XPES estimated sulfonamide coupling yield. C Sample washed 20 h in 60°C EtOH before
hydrolysis. f Surface roughness not accounted for, geometrical electrode area used in cO"'erage calculation.

\
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Figure 4. Fluorescence spectra. Curve A: surface hydrolysate of
pt/ptO/en/(dansCI); Curve 8: background curve (solvent) for Curve
A; ClXVe C: difference spectrum between Curves A and 8; CUlVe 0:
bad<~oondCOfTected sll1ace hydrolysate 01 SnO,/en/(dansCI); c...va
E: lor RuO/en/(dansCI)

dansic acid to a solution of the sulfonamide standard produces
a very similar spectrum. These results indicate that sui·
fonamide bond formation in Reaction 2 is accompanied by
some coadsorption of dansCI.

Emission from dansic acid overlaps with that of the sul­
fonamide at 510 run, as is evident from Figure 3. Consequently
the surface hydrolysate spectra were analYled, at 460 and 510
nm, as two·component mixtures of dansic acid and dansyl
sulfonamide using atandards as in Table II. Hydrolysate
concentrations thus determined for the three electrode
materials are given in Table III. The coadsorbed dansCI
averages about 10% of the total on Pt/PtO/en, which was
the most carefully studied. The fluorescence analysis is
successful in determining from 1 X 10-10 to 1 X 10-9 mol of
surface bonded dansyl sulfonamide and from 2 X 10-11 to 2
X 10-10 mol of coadsorbed dansCl, in absolute quantities.

Further and confirming data on dansCl adsorption was
obtained by exposing Pt/PtO surfaces to dansCI. The hy­
drolysate from these surfaces exhibits a weak emission at 460
nm as shown in Figure 3D which when converted to con­
centration (Table Ill) is within a factor of two of that
measured as dansCI coadsorbed with bonded sulfonamide on
Pt/PtO/en/(dansCI) surfaces. Exposure of Pt/PtO/en

centration (Figure 3A and Table II). Dansie acid is readily
distinguished from the sulfonamide by an even more intense
fluorescence at 460 nm (Figure 38). The sulfonamide is stable
toward base hydrolysis (spectrum unchanged after one day),
whereas dansCI is quickly hydrolyzed and appears as dansic
acid at 460 nm (10).

Figure 4 shows the fluorescence spectrum of hydrolysate
Reaction 3) of a dansylated Pt/PtO/en surface. The
fluorescence spectrum is readily measured above background.
The background-corrected spectra (Figure 4C, D, E) for
hydrolysate from RuO,/en/(dansCI), SnO,/en/(dansCI) and
Pt/PtO/en/(dansCI) surfaces are similar to one another, and
comparison of the Pt/PtO/en/(dansCI) hydrolysate spectrum
to that of standards in Figure 3 shows that it is similar to the
sulfonamide emission. Since a predominance in Reaction 2
of adsorbed dansCI would yield dansic acid emission at 460
nm, the Figure 3 comparison shows that most of the material
in the surface hydrolysate must originate from bonded sul­
fonamide. The surface hydrolysate band maximum is,
however, slightly shifted, to an intermediate 500-nm wave­
length, and Figure 3C shows "extra" intensity at 460 nm in
the hydrolysate spectrum. Admixture of a small amount of

I~"~,. o~
ci- ~

400 ~

WAVELENGTH. NM

F6gur. 3. Background corrected fluorescence spectra for Curve A:
3.1 X 10-1 M dansyl sulfonamide derivative of N,N-dimethylethyl·
enedlamlne; Curve B; 5.9 X 10-' Mdanslc ecld; Curve C; 2.0 X 10-7

Mdansyl sUfonamlde plus 2.4 X 10-' Mdanslc acid, senaco hydr~sale
01 PI/PlO/en/ldansCI) on which r.- = 1.09 X 10-10 mol/cm and
r...., =1.3 X 10-11 moIIcm'; Cuve::l: 7 X 10" Mdansic acid senaco
hydrolysate 01 adSOfptlon control PI/PlO/dansCI) on which r.."", =
6 X 10-12' mol/cm2



surfaces to dansic acid yields a weak 460-nm emission so dansic
acid also adsorbs. In parallel XPES adsorption tests on SnO,
exposed to dansCland SnO,/en exposed to dansic acid, weak
S 2p bands appear. Table I includes their estimated binding
energies. which are insufficiently accurate to determine
whether dansCI adsorbs as the acid chloride or as a sulfonate.
The fluorescence results supplemented by XPES afford a
satisfactory analysis of the sulfonamide binding VB. adsorption
question, showing that the latter exists but in small pro­
portions.

The surface coverage of bonded sulfonamide and coad­
sorbed dansCI on the dansylated electrode surfaces can be
calculated from the hydrolysate concentrations of sulfonamide
and dansic acid, respectively, using the hydrolysate solution
volume and electrode area. Results are shown in Table Ill.
On PI, a microscopic roughness correction ranging from 1.3-1.6
was determined from the hydrogen adsorption waves observed
in I N H,sO. and is incorporated in the coverage results.
Microscopic roughness of SnO, and RuO, surfaces is unknown
and geometric areas were used. On Pt/PtO/en and RuO,/en
surfaces the coverage of coadsorbed dansel, r dantiCh is more
or less constant.

The coverage by bonded sulfonamide, r amide. is somewhat
variable from sample to sample, probably due to variations
in coupling efficiency in Reaction 2.

The choice of N ,N-dimethylethylenediamine for preparation
of the sulfonamide fluorescence intensity standard deserves
comment. Reaction of dansCI with a solution of en silane or
of n-butylamine yields very similar fluorescence spectra also
centered at 510 nm but, as shown in Table II, the fluorescence
intensity among the three amines differs by a factor of slightly
more than two. Since previous data (6) have indicated that
it is primarily the terminal amine site of surface-bonded en
silane which is reactive in amide coupling reactions, the
solution form of the en silane, with two active amine sites, is
thought to be a less accurate model compound of the silanized
surfal" than the N ,N-dimethylethylenediamine. Fluorescence
intensities for dansylated en silane solutions were also poorly
reproducible. Nonetheless it is seen that the requirement of
choosing a sensitivity-standardizing compound which accu­
rately mimics coupling chemistry on the electrode surface
introduces some level of uncertainty into the absolute values
of fluorescence·measured surface coverages.

Determination of en Silane Surface Coverage, r. il• ne•

Surface coverage (I'",,"de) achieved in the dansylation reaction
can be converted to the overall r'ilane resulting from the si­
lanization step Reaction I if the dansylation Reaction 2 re­
action yield, or coupling efficiency. is measured. Coupling
efficiencies in surface modification reactions can be measured
using XPF.S tag element relative intensities (6). On a
dansylated surface, the relative intensities of sulfonamide S
2p and overlapping [en silane (two nitrogens) + dansyl ni­
trogen) N Is measure reaction coupling efficiency. Conversion
of IN/ Is data to N/S atom ratios was effected by an elemental
sensitivity calibration with authentic dansyl amide (Table I).
The atom ratio was corrected for coadsorbed dansCI (I'd~CI)

using the average (ca. 90%) proportion of sulfonamide bonded
surface dansyl species measured fluorometrically. Reaction
2 coupling efficiencies given in Table I are calculated on the
basis of one active site for coupling per en silane moiety (6).

Coupling efficiencies in Table I show some variation from
preparation to preparation with an average efficiency on both
Pt/PtO/en and SnO,/en of ca. 50%. Combination of the
average coupling efficiency percentage with I'"'""" data gives
roiJano values presented in Table Ill. 1'.il4ne evaluated in this
way averages 2.6 X 10-10 mol/em' with outlying samples
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differing from this by a factor of about two. These results
for 1',""" are consistent with estimates from molecular models
of en silane (these give ca. 7 X 10-10 mol/em', extended
perpendicular to the surface, and ca. 3 X 10-'0 mol/cm2 in
lying-flat or cyclized (6) form), with other experimental
determinations of I'.i1~. by XPES (I, 17) and with combi­
nations of XPES coupling yields with electrochemically
determined coverages of a coupled redox moiety (2. 18, 19).
l'..... on RuO,/en (2) for example is 3-5 X 10-10 mol/cm2 (no
roughness correction) by the latter approach. and r.iIano on
Pt/PtO/en ; 4-8 X 10-10 mol/em' with roughness correction
(I8).

On a quantitative level, the results for 1'","", and 1'...... place
the fluorescence technique on a competitive basis for surface
coverage determinations with previous spectroscopic and
electrochemical approaches. The surface coverage sensitivity
limit for the dansCI reagent is ca. 5 X 10-12 mol/em', which
favorably compares with electrochemical sensitivities for
surface waves. A considerable amount of surface structural
information is accessible from the fluorescence experiment
as well. Application of other available fluorescence reagents
should be fruitful for understanding chemical and population
details of chemically modified materials.

Dansyl Chloride Reagent Purity by XPES. The
coadsorption of dansic acid and the interference of this
hydrolysis product of dansCI with fluorescence sensitivity
calibrations make regular recrystallization of the dansCI
reagent essential. Interestingly, XPES of pure dansic acid
(Figure 2) shows a much sharper distinction, from dansCl, in
the NIs hand than by S 2p. Its 402.2-eV N Is binding energy
corresponds to protonated aromatic amine; from this and the
known acidity of sulfonic acids, we see that dansic acid exists
as a zwitterion in the solid state. The 402.2-eV N Is band can
be used to detect partial hydrolysis of dansCI reagent. as
shown in Figure 2D for a ca. 50% contaminated sample and
for a (freshly commercially procured) ca. 5% contaminated
sample. The contamination detected is roughly representative
of the bulk contamination since a fluorescence analysis is
consistent with the XPES results.
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Pulse (Photon) Counting: Determination of Optimum
Measurement System Parameters

E. J. Darland. G. E. Lerol, and C. G. Enke'

Depanmenl 01 Chemtstry, MIchigan Stalo Unlvo,sffy, Eos, Lansing, Michigan 48824

Uneartly measurements and Integral pulsa helghl d1strlbullons
heve been used to evaluate the e"ecta 0' electron multiplier
voltage and cllscrlrnlnalor coemclenl (Ad) on the slsblllly,
sensltlvtty, Dnd dynamic range 0' three pulse counllng
me88W'emenl systems. The dala show Ihal selecllon of the
highest po88lble voUage has sIgnlflcanl advanlagas 'or most
experiments, bul that Ihe choice of an "opllmum" value for
Ad depends on the requirements 0' Ihe particular experiment
and l'8CI'*es carelul evaluation of the trade-offs among stabllHy,
sensltlvUy, and dynamic range. Semiquanlllaliva evaluallon
of these Irade-o"s on Ihe basIs 0' the experimental resuUs Is
""ated. The data also show clearly thai mellSU'ements such
as those reported here must be made on each system, sInce
specIIc resuIIa for one system cannot be generalized to others.

Electron multipliers are widely used as particle flux
transducers, whether incorporated into a photomultiplier
(PMT) for measuring photon flux, or used "bare" for detecting
ions, electrons. or vacuum ultraviolet photons. The particle
flux can be determined either by measuring the average direct
current output of the electron multiplier (the "dc" method)
or by counting the individual charge pulses (1). The latter
technique is often referred to as "photon counting", but the
more general term "pulse counting" will be used throughout
this paper.

When a pulse counting system is to be used for analytical
measurements. several characteristics of the transfer function
which relates measured count rate to incident particle flux
may be important. Ideally, the transfer function would be
a straight line (good linearity) which extends from zero to
infinity (infinite dynamic range), would have a slope of one
(high sensitivity), and would be invariant with time, tem­
perature, etc. (high stability and freedom from noise).

Because of limitations inherent in the components of any
real pulse counting system, such an ideal transfer function
is unattainable. The extent to which the ideal is approached
in practire is influenced not only by the limitations of the pulse
counting system components, but also by the operating pa­
rameters of the system. For example, the accuracy with which
a pulse counting measurement can be made is limited at high
count rates primarily by pulse overlap counting losses (i.e.,
by nonlinearity of the transfer function). The percentage of
pulses lost at a given count rate depends not only on the speed
of the counter, the pulse arrival time distributions, and the
pulse shape distributions (both amplitude and width) from
the electron multiplier, but also on the discriminator coef­
ficient., Ad (defined as the fraction of the pulses passed by the
discriminator) (I, 2). Thus, the user can adjust Ad to optimize
the linearity of the system. Unfortunately, Ad also influences
the sensitivity and stability of the pulse counting system in
such a way that optimum linearity often results in less­
than-optimum stability and sensitivity (I). Since the relative
importance of linearity, stability, and sensitivity will vary
depending on the type of experiment, there is unlikely to be
a universally optimum setting for~. Instead, the "optimum"

setting of this and other measurement system parameters must
be selected while keeping in mind the part.icular experimental
conditions likely to be encountered. The relationships between
the measurement system parameters and the desired transfer
function characteristics cannot be predicled in advance, since
they depend on the characteristics of the individual electron
multiplier, the multiplier power supply, component tem­
peratures, component history, and so on. A careful selection
of the parameters for the "optimum" operation of any pulse
counting system will require an effective determination of the
system characteristics.

In this paper, we present the results of pulse height dis­
tribution and linearity measurements made on several dif·
ferent pulse counting systems. Although these measurements
do not provide a complete characterization of these systems,
they do allow many of the trade-offs involved in selecting
operating parameters to be evaluated on at least a semi·
quantitative basis. These examples illustrate the importance
(If such characterizations in making sound selections of the
operating parameters.

EXPERIMENTAL
Equipment. Three different electron multipliers were used

io these studies, an RCA 8850 PMT, an RCA IP28 PMT, and
a Johnston MMl electron multiplier. The 8850 was mounted in
a thermoelectrically cooled housing and powered with a Hew~

lett-Packard 61 lOA power supply. The IP28 was housed in a
Heath (now GCA-McPhersonl EU·701·30 phowmultiplier module,
and used the integral power supply of that module. The MMI
was used as the ion transducer in a photoionization mass
spectrometer (3) and was powered with a Power Designs 1543A
power supply. All of the measurement8 reported here were made
with the electron multipliers at room temperature.

The phown sou'ce used with the 8850 snd IP28 was made up
of Heath (GCA/McPherson) 700 series components. The ra­
distion from a tungsten lamp in an EU·701·50 light source module
was dispersed by a model EU~7()() monochromator. The
monochromator slit width was used to control the photon flux.
The MMI detected a beam of Ar+ ions which had an intensity
determined by the Ar sample pressure in the ion source region
of the mass spectrometer. For the linearity Rturlies performed
on the 8850 and IP28 systems, a model EU-721-11 alternating
cell module was inserted between thr monochromator and PMT
housing. This module contained 0 neut.ral density filter which
was in the light beam whenever the sample cell carriage was in
the sample position, but out of the beam in the reference position.
The carriage position could be controlled by a computer. The
shutter of the sample cell compartment was connected to a smaJl
solenoid so that it also could be computer controlled. All count
rate data were acquired (under computer control) with an in~

tegrated-circuit based, dc-coupled pulse counter that has high
sensitivity (130 p V) and a pulse pair resolution of - I1 ns. This
pulse counter is described in detail in a companion paper (4).

Pulse Height DistributioDs. Relative integral pulse height
distributions were measured for all three pulse counting systems
by measuring the dark count rate and the light count rate (dark
counts subtracted) at a constant photon or ion flux as a function
of the pulse counter discriminator level. These measurements
were made at a sufficiently low count rate that negligible pulse
overlap errors occurred. Thus, a plot of count rate vs. dis·
criminator level is proportional to the integral pulse height
distribution.
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Linearity Measurements. The linearity studies reported htre
were performed using a method similar to that described by
Heroux (5). The apparent transmittance of a neutral density ruter
was measured with the pulse counting apparatus as 8 function
of light intensity. It is useful to define the following terms:

10 photon flux on the PMT without the filter, quanta
s·'

1 photon flux on the PMT with the filter, quanta 5- 1

T the actual transmittance of the filter, 1/10,

dimensionless
No measured count rate without the filter, counts S-l

N measured count rale with the filter, counts 5.1

T' the apparent transmittance of the filter, NINo,
dimensionless.

From these definitions, it can be seen that while '1' is independent
of light intensity, T'will be independent of light intensity (and
equal to 1j only when pulse overlap counting losses do not occur
in the measurement of N and No. When such losses do occur,
they will affect No more than N, and T' will deviate from T by
6n amount which is indicative of the amount of dead time loss
or pulse overlap gain in the measurement of No.

This method of analY.ling the data assumes that pulse overlap
loss in the measurement of N is small. Providing that T is small,
this will be a good assumption, except perhaps at the very highest
photon fluxes used. In any case, the data can be used to check
the validity of the assumption, and to correct the results to ony
desired occuracy if the assumption turns out not to be ""'alid
enough". The linearity of a pulse counting system can therefore
he determined even when no other type of system is available for
comparison measurement.'i (such as an accurate dc measurement
system). Furthermore, this method avoids the not·insignificant
difficulty of ascertaining the accuracy and linearity of an analog
dc system over many orders of magnitude.

A reasonable test of the linearity of a pulse counting system
is to measure the count rate at which 1.0% of the counts are lost
because of pulse overlap. In order to do so, the transmitumce
of the filter (about 0.013) must be known to an accuracy con·
siderably better than 1.0% of its value, Le., to better than ±O.OOOI.
Since none of the analog spectrometers available were capable
of this accuracy, the transmittance of the ruter was measured with
the photon counting system at very low light levels (about 10000
photons/s), where pulse overlap in the measurement of No is
certain to be negligible. Howe\'er, the value of N then had to be
measured at count rates of only 130 photons/s, which is com·
parable to the dark count rale for the 8850. Precise measurement
of such low light intensities, especially in the presence of 1% light
source instability, demanded the use of a synchronous mea­
surement procedure similar to that of Arecchi et oJ. (6). Rather
than measure N for sufficient time to accumulate 8 statistically
significant number of counts and then measure No, both Nand
No (os well as the dark count, D) were measured in rotation for
periods of time (a few seconds each) much shorter than the period
of the light source drift. The short integrations could be ae·
cumulated to produce an effective integration time of any desired
duration. Errors caused by light source drift were found to be
negligibly small with the above procedure, which was automawd
and controlled by a computer. After about 24 h of integration
at low light levels, the value of T for the filter was determined
to be 0.01304 ± .OO4סס.0 This is an accuracy of ±O.3%, and thus
the count rate for errors of 0.5% or greater could readily be
determined.

RESULTS AND DISCUSSION
Pulse Height Distributions. In any real pulse counting

system, there are several potential sources of instability. Any
change in the discriminator setting relative to the mean pulse
height at the discriminator input (or vice versa) may couse
a variation in the measured count rate. Such a change may
occur as a result of a change in the operating voltage or gain
of the electron multiplier, in the gain of the preamplifier, or
in the discriminator setting itself. These types of instability
are the main sources of "excess noise" in the system (I).

One of the advantages traditionally ascribed to pulse
counting (as opposed to de) measurements, however, is su­
perior long-term stability (I, 7), which is especinlly important
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Figure 1. Integral pulse height distributions for the 8850 system at
various PMT voltages. The open circles are li!t>l coonts; the filed circles
are dark counts. The inset shows the shape of "k:teal" light and dark
pulse height distributions

in low flux experiments. The reason usuaUy stated to explain
this stability is that it is possible to set the discriminator low
enough that aU "signal" pulses (those pulses originating at
the first dynode of an electron multiplier or at the photo­
cathode of a photomultiplier) have more than enough am·
plitude to be counted, while at the same time all of the (much
smaUer) "noise" pulses (those pulses originating at other
dynodes or from other sources) are rejected. When this is the
case (as it often is when bare electron multipliers are used at
very high gains to detect electrons or high-energy ions), small
fluctuations in the discriminator setting or mean pulse height
will have no effect on the measured count rate, so that excess
nnise is usuaUy assumed to be negligible compared to more
fundamental noise such as quantum noise and signal and
background flicker noise (I). Thus, the traditional "rule of
thumb" in pulse counting is that the best stability is obtained
when all the pulses are counted (i.e., when Ad "" 1), which is
equivalent to operating on the "counting plateau" or on the
horizontal portion of the integral pulse height distribution (see
the "ideal" pulse height distribution in the inset of Figure I).
At the same time, counting all pulses ensures the best possible
signal·to-noise ratio when shot noise is the main noise source
(8). However, not all systems exhibit such ideal pulse height
distributions. For example, pulse height distributions for the
8850 system at several different PMT voltages are shown in
Figure I. These data reveal a "plateau region" which is not
flat, although it has a very shallow slope at higher voltages.
Similar behavior for an RCA 8853 (a variant of the 8850) has
been interpreted (9) as showing that there are very small signal
pulses which are not counted at even the highest PMT voltage.
T~e data of reference 9 were obtained with much higher PMT
voltages than those used here, but with a much less sensitive
pulse counter which had a fixed, I()().mV threshold. The data
of Figure I do show a large number of noise pulses at the
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FIgure 2. Relative iiglt COUltlnstabiity 01 tile 8850 system. The dashed
Hoes are the unwelghteCI curves, the solid lines are curves weighted
by 1/Ad (see text). C<.Mls A, B. C, and 0 wore obtained at 1400, 1500,
1800, and 1700 V, respectively. Weightad and unwelghted curves
at 1700 V are virtually Indistinguishable when plOltad to this scale

lowest discriminator setting. However, since the "plateaus"
observed in Figure 1 extrapolate to the same count rate (170
kHz) at all voltages, it is assumed that the extrapolated count
rate represents "all the signal pulses". Therefore, this par­
ticular pulse counting system does have sufficient sensitivity
to count virtually all of the pulses for PMT voltages above
about 1500 V (half the recommended maximum of 3000 V).
Rather than indicating a lack of sensitivity, these pulse height
distributions indicate a fairly wide region of overlap between
noise and signal pulses, with the smallest signal pulses being
smaller than the larger noise pulses.

From a practical viewpoint, it is perhaps less important to
understand the exact reasons for the shape of the pulse height
distributions than to realize that a measured distribution can
provide a great deal of information about the "best" operating
parameters. For instance, since there is no portion of the pulse
height distribution for the 8850 system which is completely
horizontal, the excess noise contributed by discriminator
instability, etc., may not be negligible, especially in experi­
ments where long integration times are used (4). It is therefore
important to evaluate the susceptibility of the pulse counting
system toward such sources of drift for various operating
conditions. This can be done by measuring the change in
observed count rate for a unit change in either the mean pulse
height or discriminator setting. The latter measure of "relative
instability" is particularly convenient to use, since it is merely
the slope of the integral pulse height distribution. It is
important to note that relative instabilities measured in this
way can be used to compare the susceptibility of a particular
system to excess noise under different operating conditions,
but that they cannot be used to compare different systems.
This is because the actual change in measured count rate due
to excess noise depends both on the susceptibility of the
system and on the actual magnitude of drift in discriminator
setting, amplifier and electron multiplier gain, and so forth.

The relative instability of the 8850 system (as measured
from the light count pulse height distribution in Figure I) is
shown as a function of Ad in Figure 2 (dashed lines). These
data show that in this case the best stability is not obtained
at Ad = 1, but rather at~ ~ 0.lHl,7, depending on the voltage.
Unfortunately, at these lower discriminator coefficients, a large
fraction of the signal pulses are lost (the slope of the transfer
function is lower) 80 that longer integration times are required
for a comparable signal'lo-shot noise ratio. Therefore, these

Ad

Figur. 3. Relative dark count instability 01 the 8850 system. Only tile
weighted curves are shown. Curves A, e, C. and 0 were obtained at
1400, 1500, 1600, and 1700 V, respectively

data should actually be weighted so as to show the changed
susceptibility of the system to low frequency noise, due to the
longer experiment duration, or decreased "noise equivalent
bandwidth" (1). To do so accurately would require a detailed
knowledge of the frequency distribution of the excess noise
in the systems, which is difficult to measure. However, for
low-flux. experiments in which long integration times are used,
high frequencies are averaged out quite well, and only low
frequency (I/f) noise is much of a problem-the longer the
integration time, the worse the drift problem. To illustrate
the effect on the instability vs. Ad plots, the solid lines in
Figure 2 show the same data as the dashed lines, but weighted
by the relative integration time needed to reach a standard
number of counts (i.e., by 1/Ad)' The point of best stability
is indeed shifted toward higher values of Ad, but not very far.
Similarly weighted dark count relative instabilities are shown
in Figure 3.

The instability data of Figures 2 and 3 show not only that
the best stability is obtained at values of Ad significantly less
than 1, but also that operating at the highest PMT voltages
has several advantages. Stability is better at higher voltages,
and the slopes of the instability curves of Figures 2 and 3 are
more gradual in the region of best stability. Thus, at the
higher voltages, one could choose any Ad over a fairly wide
range (e.g., to adjust for best linearity) without sacrificing too
much stability. Furthermore, as seen from Figure 1, the
counting "plateau" is broader at higher voltages (the change
in Ad for a unit change in absolute discriminator level is lower)
so that it is easier to adjust the discriminator to the desired
Ad'

The data in Figure 1 also show that at equivalent light count
rates (i.e., at equivalent Ad), there is a slightly higher dark
count rate at the higher operating voltages. Thus, if one were
to make measurements without background subtraction, a
lower voltage would give a slightly wider dynamic range, since
the dark count rate would determine the lower end of the
dynamic range. However, if one does use some method of
background subtraction, the lower end of the dynamic range
can be well below the dark count rate (10). Then the im­
portant consideration is the amount of time which must be
devoted to the measurement of the background. IT the system
is very stable, the background needs to be measured oniy once,
just long enough to obtain the desired signal·to·noise ratio
in the background measuremenl IT the system is not 80 stable,
or if there is too much excess noise, then a synchronous
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Figur. 4. Integral pulse height distributions !Of the lP28 system at
various PMT voltages. The open circles are iglt COL<rts; !he filled circles
are dark counts

demodulation technique must be used (IO), and up to 50%
of the time must be spent measuring the background count
rate. The data of Figure 3 show that the excess noise in the
dark count measurement associated with instability of the
pulse counting system can be dramatically reduced by op­
erating at higher voltages. This reduction in drift will far more
than compensate for the slightly increased dark count rate.
(Note that the dark count rate could be reduced considerably
by cooling the PMT; whether the dark count rate and in­
stability of a cooled PMT would behave the same as that of
the room temperature PMT would have to be determined
experimentally.)

Pulse height distributions for the IP28 system, shown in
Figure 4, contrast sharply with those of the 8850 system.
There are again no noticeable plateaus at any voltage; even
at the voltages indicated in Figure 4, which are near the
maximum rating for the IP28, stability is worse than for the
8850 system at voltages well below the recommended max­
imum for that PMT. Furthermore, the dark counts exhibited
by the IP28 system are bigher than for the 8850 system, and
the increase in dark count rate as a function of PMT voltage
is more dramatic. Relative instabilities of the IP28 system
show roughly the same trends as those of the 8850 system,
and are not shown here.

The behavior of the pulse height distributions for the MMI
system (not shown) is quite different from that of the 8850
and IP28 systems. Changing the voltage not only alters the
slope of the pulse height distribution (as in the 8850 and IP28
systems), but also alters its relative shape-there is no plateau
at. lower voltages, but at higher voltages a plateau is quite
evident. The reason is probably that as the voltage on the
MMI is increased, not only is the gain of the electron mul­
tiplier increased, but so is the energy of the ions striking the
nrst dynode, which is known to have a marked effect on the
secondary electron emission coefficients and pulse height
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distributions (I1, 12). Although at the highest voltage used
(4700 V) the plateau was not quite nat, it is quite possible
that higher ion impact energies would result in a nearly-ideal
pulse height distribution, in which case the traditional rule
of setting Ad '" 1 would be quite valid.

It should be emphasized that we do not claim that the
characteristics observed in these systems are necessarily typical
of the multiplier types employed. There is a great deal of
variability in the behavior of different samples of the same
type of multiplier, and the housing, power supply, pulse
counter, and wiring details can drastically affect the per­
formance of a given pulse counting system. Thus, any
conclusions drawn here are expected to be valid only for the
specinc systems described. In fact, the most important point
is not that the IP28 system seems less suited to pulse counting
than the 8850 system, or that even the 8850 system did not
exhibit ideal behavior, but rather that the pulse height
distributions must be measured to establish the actual be­
havior of a given system, and, once measured, they provide
a great deal of information about the parameters affecting the
relative stability of that system.

Linearity Studies. Pulse counting will always be limited
at high particle nuxes by the inevitable count loss due to pulse
overlap, either in the pulse counter electronics or in the
electron multiplier itself. Thus, at very high particle nuxes,
the dc method will be needed (I). However, if a de system
with high sensitivity and stability is not available, or if it is
inconvenient to switch between pulse counting and dc
techniques, it may be useful to extend the upper range of the
pulse counting system as far as possible. For any given
counter, this may be done in either of two ways: by employing
some sort of "dead time compensation" (DTC) to make the
system linear to higher count rates, or by employing ap­
propriate count loss corrections (CLC) to the measured data
to correct for the known nonlinearity of the system.

The CLC method has been discussed recently by Hayes et
aJ. (I3, 14), who nnd that the amount of count loss can be
regarded as being controlled by an "effective deadtime", which
can be far different from the pulse pair resolution of the
counter, and which is affected by the discriminator coefficient.
The basic approach used by Hayes et al. is to measure the
pulse counting system transfer function and to nt this function
to an appropriate count loss equation which includes the
effective deadtime as a parameter. The effective deadtime
so measured can be used in tbe same equation to correct Ister
measurements made on the same system, which extends the
effective accurate dynamic range of the system to the point
at which the assumptions made in deriving the count loss
formula are no longer sufficiently valid. When employing the
CLC technique, it is found that the uncertainty in the
measured effective deadtime becomes an important factor in
limiting the precision at high count rates. In fact, at high
count rates, better precision is obtained in a shorter time by
intentionally reducing the particle nux, so that beyond some
point dc techniques remain clearly superior (I3).

There are several methods of including some sort of au­
tomatic correction for pulse overlap loss in pulse counters. In
counters which have a single discriminator, this can best be
accomplisbed by setting the discriminator so as to exclude
some of the pulses st low count ratea. At higher count ratea,
some of the excluded pulses will overlap and become lsrge
enough to be detected. It was nrst suggested by Smit and
Alkemade (I5) that if this "pulse overlap gain" could be
adjusted to counterbalance the pulse overlap loss of larger
pulses, enhanced linearity should result. A practical dem­
onstration of the technique was nrst described by Ash and
Piepmeier (2), who named the technique "deadtime
compensation". Both Ash and Piepmeier (2), and Ister Ingle



Table I. Limit. of Linearity for Different
Di&criminator Coefficients
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efficient,
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-1
0.79
0.66
0.55
0.50
0.48
0.42

upper limit of corrected count rate for
indicated degree of linearity, MHz

,0.5% 11% 12% 15% 110%

0.20 0.50 1.1 3.3 =6.0
0.40 0.72 1.4 4.2 8.0
1.1 1.8 3.3 9.0 14.0
3.7 6.6 13.0 25.0 33.0

24,0 26.0 30.0 36.0 45.0
1:8 3.3 7.5 42.0 48.0

=0.70 1.2 2.3 5.8 =10.0
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FJgur. 5. Unearity devlaUons of the 8850 system for various dis­
criminator coeffk:ients. The PMT was operated at 1500 V for these
measurements

and Crouch (I, B), showed that the discriminator coefficient
for "optimum" DTC should be about 0.5, although the precise
value depends somewhat on the individual measurement
systems.

Figure 5 shows the results of the linearity studies perfnrmed
on the 8850 system at several discriminator settings (and at
1500 V). Hesults ior the 1P28 system are similar and are not
shown; no linearity studies have yet been performed on the
MM1 system, which is used for very low nux experiments.
This figure is a plot of the deviation from linearity vs. light
intensity, which shows pulse overlap losses (and gains) much
more clearly than the conventional plot of count rate vs. light
intensity. The ordinate is the percent deviation from the
correct count ratc, calculated as

percent deviation = ((T/n - 1)(100)

so that -50 corresponds to loss of half the pulses due to pulse
overlap. The corrected count rate used as a measure of light
intensity for the abscissa of Figure 5 is esentially the count
rate that would be obtained for No if there were no pulse
overlap gain or loss, and the discriminator coefficient were
1.0. Its calculation requires knowledge of the actual dis­
criminator coefficient which is llIeasured from the pulse height
distribution of Figure 1. The corrected count rates were then
determined from N and the known value of 7' as

corrected count rate = N /((T)(Ad»
The count rates at which various amounts of pulse overlap

loss occurred for different discriminator settings are sum­
marized in Table I. These results can be used to establisb
the upper limit of the dynamic range of the system for a given
accuracy. An accuracy exceeding ±0.50/0 is obtained at all
count rates up to 200 kHz for aU discriminator settings. The
linearity is even better at values of Ad less than 1.0. For
instance, at Ad = 0.5, the linear range is more than two orders
of magnitude higher than with Ad = 1.0, which demonstrates
clearly the effectiveness of deadtime compensation. The
corrected count rate of 24 MHz corresponds to a measured
count rate of 12 MHz, and a measured photocurrent of 3 X
10-' A. While this current is still below the upper limit of
linearity for de measurements (which can be extended to even
higher light intensities by lowering the photomultiplier
voltage), it is nonetheless a significant gain in the upper range
of the pulse counting system.

The increased linearity obtained with DTC comes at a price,
however. Since a large fraction of the pulses are thrown away
to begin with, the signal-to-noise ratio of the measurement
will be lower for a given integration time. This can be
compensated for if it is possible to integrate for longer periods,

but that may not be possible since the stability of the system
is decreased under optimum DTC conditions, as shown in
Figure 2. In this particular case, the stability is worse by a
factor of 2 compared with the optimum; at higher operating
voltages, the decrease in stability would not be as great.
However, for systems which exhibit a natter counting plateau,
the loss of stability could be much worse. A final criticism
of DTC (which applies also to CLC) is that its use requires
that linearity· measurements be performed in order to select
the discriminator setting. This is not a very severe drawback,
however, since the linearity should properly be checked
whether or not one plans to usc either DTC or CLC. Fur­
thermore, the time to make such measurements is not as great
as it might first appear. Once the transmittance of the neutral
density filter has been measured, only measurements at high
light nuxes are required, and since they can be made quickly
with good precision, finding the optimum Ad will typically
require less than an hour for a new system.

IMPLICATIONS FOR OPTIMIZING PULSE
COUNTING SYSTEM PARAMETERS

If the 8850 system were to be used in low-light nux ex­
periments, the implications of the data discussed above are
fairly clear: one should use the highest voltage (1700 V or
higher) and an Ad of about 0.8. Under these conditions, the
system will exhibit the best possible stability (of utmost
importance in low nux experiments) along with a fairly high
sensitivity and a linear range extending to 400 kHz (±0.5'70
accuracy). At higher count rates, however, linearity becomes
a worse problem than stability. If the experiment to be
performed is fairly "slow", then DTC could be used to extend
the linear range of the system more than an order of mag­
nitude, using increased integration times to make up for the
lower sensitivity. However, if the experiment is "fast" (for
instance, monitoring the course of a fast reaction), then the
decreased sensitivity may rule out the use of DTC so that the
only choices would be to use CLC (if within the range of its
applicability) or to switch to a de measurement system. In
any case, high nux pulse counting experiments should still
be performed with the highest PMT voltage. FinallY, if the
experiment is likely to encompass both very low and very high
count rates, one will be forced to make some sort of com­
promise in the choice of a discriminator coefficient, unless the
voltage programmability of the discriminator setting of the
pulse counter is exploited to allow a computer to select a high
Ad for low count rate date acquisition and automatically switch
to a lower Ad when the count rate becomes sufficiently high
that DTC is needed.

CONCLUSIONS
We have shown how two relatively simple measurements

(pulse height distributions and linearity studies) can provide
valuable information about the optimum operating parameters
for pulse counting measurement systems under different
experimental conditions. The specific parameters found to
be best for the particular systems studied are, however, not



to be generalized; rather, they serve to demonstrau. than even
sysu.ms which use the same pulse counting electronics can
behave quite differently, and that it is extremely important
to characu.rize the behavior of any give pulse counting sysu.m
to ensure that it does in fact satisfy the measurement re­
quirements.
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Pulse (Photon) Counting: A High-Speed, Direct
Current-Coupled Pulse Counter

E. J. Darland, J. E. Hornshuh,l C. G. Enke,· and G. E. Lerol

Department of Chemistry. Michigan State Univers#y. East Lansing. Michigan 48824

An ampllfler/dlscrlmlnator/prescaler module which forms a
complete, high-performance pulse counter when combined wIfh
any standard TTL counter Is described. It Is constructed wRh
readily-available Integrated clrcuRs and costs less fhat $150,
yet has high sensitivity (130 "V) and Is capable of very high
counf rafes (>90 MHz wRh periodic Input pulses; pulse pair
resoluflon "" 11 ns). The entire circuit Is dc coupled so that
there Is no base-llne shHt at any count rate. The discriminator
level Is voltage programmable and the amount of prescallng
can be selected remotely. Extra precautions taken to ensure
drHt-free operaflon 01 fhe electronics resuR In a pulse counter
with excellent long-term stability.

It is widely recognized that pulse counting is the best
method for measuring the output signal from electron
multipliers used as particle (photon, ion, electron, etc.) de­
u.clors when the incident particle flux is very low (1-8).
Likewise, it is recognized that pulse overlap counting losses
inherent in the pulse counting technique limit its accuracy
at higher particle fluxes, so that direct current (dc) techniques
are best used at these higher fluxes (5-9). In spiu. of the fact
that dc measurement sysu.ms which are adequeu. for medium­
and high-flux measurements are readily available, there are
severa) practical reasons for the continued interest in de­
veloping pulse counting sysu.ms which can operau. at ever
higher count rau.s. For example, pulse counting sysu.ms may
have significant signal-to-noise ratio and stability advantages
over dc sysu.ms at equivalent fluxes (3--8). Furthermore, pulse
counting is an inherently digital u.chnique; pulse counting
measurements require fewer data domain conversions (10)

I Present address: Central Research Department, Experimental
Station, E. I. du Pont de Nemours, Wilmington, Dei. 19898.

than dc measurements, and are thus less susceptible to the
inevitable errors which accompany such conversions (8, 10).
The development of raster pulse counting sysu.ms not only
extends these advantages to measurements made at higher
fluxes, but also has important consequences in terms of cost
and convenience. The availability of a pulse counting sysu.m
which is as fast as possible increases the probability that all
necessary measurements (or at least an entire series of
measurements) can be made without resorting to dc u.ch­
niques. Thus, in some applications, the cost of 8 de system
may be eliminated entirely. Even when dc measurements
must be made, a fast pulse counting capability will reduce the
sensitivity requirements for the dc system.

The pulse counu.r described here has performance char­
acu.ristics approaching the practical limits, but it can be built
for a small fraction of the cost of present commercial pulse
counting sysu.ms. The pulse counter has high sensitivity as
well as stable and easily adjusU!d gain and discriminator levels,
which are independent of pulse rau.. The discriminator level
is voltage programmed, and the amount of prescaling can be
selecu.d remotely. These features allow the possibility of
real-time compuu.r control of the measurement system pa­
rameters, which could be automatically optimized to meet
changing experimental conditions (11).

PULSE COUNTER DESIGN

A block diagram of the pulse counu.r is shown in Figure
1. The digital counu.r is a standard TIL design, interfaced
to a PDP8/I minicompuu.r, and the clock is the real-time clock
of the compuu.r (12). These units are not described in this
paper. For the sake of brevity, the remainder of the circuitry
(amplifier, discriminator, prescaler, and line driver) will
henceforth be u.rmed the "pulse counu.r", a1thougb it should
be realized that some sort of frequency meu.r (or digital
counu.r and clock) are also necessary to make a compleu. pulse
counter.

0003-2700179/0351-0245$01.00/0 e 1979 American ChemIcal Soclaty
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Figur. 1. BIocl< diagram 01 the pulse counter

Establishment of Performance Goals, The pulse counter
described here was intended for use with a wide variety of
computer-interfaced spectrometric instrumentation, at both
very high and very low count rates. The primary design goals
were high speed, sufficient sensitivity for use with common
photomultiplier tubes, and sufficient stability for low count
rate experiments lasting as long as several days.

The speed of the counter is important since pulse overlap
in the counter circuits is usually the limiting factor in de­
termining the maximum count rate at which accurate data
can be obtained (9). State-of-the-art counters are capable of
counting periodic pulses up to about 100 MHz, i.e., they can
resolve pulses separated by as little as 10 ns. However,
particles usually arrive at the electron multiplier with e
random time distribution. In order to measure the average
pulse rate accurately, the pulse counting electronics must be
capable of responding at an instantaneous pulse rate which
is greater than the average pulse rate by a factor which de­
pends on the amount of pulse overlap counting loss that can
be tolerated. The average pulse rate for which good accuracy
can be obtained is only a few percent of the maximum count
rate for the counter. Still faster pulse counting electronics
might be expected to help the pulse overlap problem sig·
nificantly. However, even with relatively fast electron
multipliers, the full·width at half-maximum (FWHM) of the
pulses observed at the counter input will be on the order of
2-3 ns. For most pulse counting, the best stability and
signal-t.o-noise ratio will be obtained when the discriminator
is set significanUy below half of the mean pulse amplitude (11).
Under these conditions, the mean pulse width may be sig·
nificantly larger than the FWHM, or on the order of 6-10 ns.
Thus, a l00-MHz pulse counter with a 10-ns dead-time ap­
proaches the practical limit set by pulse overlap within the
electron multiplier and connecting cable, and a design goal
of 100 MHz was adopted.

The sensitivity of the counter is important for two reasons.
PuJse heights from a typical electron multiplier have a random
and broad distribution. If the counter is not sensitive enough
to oount the smallest pulses, then some of the signal is wasted,
increasing the measurement time or lowering the signal-to·
noise ratio of the measurement (8). Furthermore, although
the discriminator setting at which the best overall system
stability is attained will vary from system to system (II), the
optimum setting is likely to be near the "small" end of the
pulse height distribution, 80 that the pulse counter should have
sufficient sensitivity to oount nearly all of the pulaes.

Ease of use and restricted space within most photomultiplier

housings dictated that the pulse counter not be mounted inside
the housing; but rather in a separate nearby enclosure con·
nected to the electron multiplier or photomultiplier with the
shortest practical length of common 50- (or 100-) n coaxial
cable. To minimize reflections, an anode load resistor of 50
(lOO) n must be used at the pulse amplifier input. The
amplitude of the voltage pulses generated across this resistor
by the anode current pulses determines the sensitivity required
of the rest of the circuit. We performed pulse height mea­
surements on several multipliers (RCA IP28 and 8850 PMTs
and a variety of "bare" electron multipliers used as mass
spectrometer ion transducers). The multipliers which had the
lowest gain at normal operating voltages produced pulses
which were as large as 5-10 mV (50-nload), hut also many
pulses which were smaller than 1 mY. Therefore, a design
goal of at least 500 p.V sensitivity was adopted.

The pulse counter described here uses a fast binary counter
between the discriminator and line driver to prescale the
discriminator output, as depicted in Figure 1. The true
number of counts must then be obtained by multiplying the
recorded number of counts by the same factor by which the
prescaler divides the pulse rate. Inclusion of prescaling has
two very desirable effects. The flJ'8t is that the average pulse
rate at the input to the line driver is reduced hy the scaling
factor, so that succeeding circuitry does not have to be so fast.
The second, and even more important, advantage is that
prescaling reduces the probahility of pulse overlap by more
than it reduces the average pulse rate. This can be illustrated
as follows, The probability that n pulses will occur within
the resolving time I of a pulse counter is given by the Poisson
distribution as

(R/)"
P(n,/) = M exp(-R/)

where R is the average pulse rate. If zero or one pulse arrives
during t, no pulse overlap occurs, but if two or more arrive
during the same interval, pulse overlap counting loss has
occurred. The probability of this happening is then

1

Po = 1 - L P(n,1)
n-O

If, however, the input pulses are prescaled by two (and the
prescaJer is so fast that no pulse overlap loss occurs in it), then
three or more pulses must arrive at the prescaler input within



Figure 2. Probability of pulse overlap in the counter (Po) for four
combinations 01 prescaling factor and maximum counting rate

the resolving time of the counter to cause pulse overlap in the
counter, and

2

Po = 1 - L P(n,tl.-0
In general, for a presealing factor I,

I
Po = 1 - L P(n,t).-0

The advantages of prescaling are illustrated in Figure 2.
Note that, although the ratio of the pulse rate at the digital
counter input to the maximum frequency of the digital counter
is constant in the four examples in Figure 2, Po is reduced by
a factor of more than 100 when a divide by eight prescaler
is introduced.

The only disadvantage of prescaling is that the count
resolution of the readout is lowered by the prescaling factor,
so that longer integration times may be required to reach the
desired count total and/or precision. This problem could be
serious at low count rates except that, at low count rates, less
prescaling is required. Therefore, three levels of prescaling
are provided (in addition to the "no prescaling" or +1 option)
so that the count resolution can be maintained as high as
possible while keeping the maximum frequency within a range
that the line driver and succeeding circuitry can handle.

Amplifier/Discriminator Circuit. The preamplifier­
discriminator portion of the pulse counter ia very simple; it
is based on only two integrated circuits, as shown in Figure
3. A high-speed comparator (Advanced Micro Devices type
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AM685) with differential inputa and emitter-coupled logic
(ECL) outputa is used as the discriminator. The amplifier
is a Texas Instrumenta "A733 adjustable gain, high-speed
differential video amplifier. When the counter is in ita
quiescent state (both amplifier inputs at essentially zero volta),
the amplifier outputs have a common mode voltage, V""",
which is typically about 2.9 V, and are separated by an offset
voltage, VAo' which depends on the gain of the amplifier, but
is typically 0.6 V at the maximum gain of 400. These voltage
levels are shown in the amplifier waveform plots of Figure 4.
A negative pulse at the input of the amplifier causes the
outputs to move closer together, and for sufficiently large
pulses, the outputs will cross. A quiescent comparator input
common mode voltage, VCan' and an input offset voltage, VCo,

can be defined which are analogous to VA= and VAo' The
comparator is triggered whenever its inputs cross, i.e., when
the input pulse to the comparator is larger than VCo'

Capacitive (or ac) coupling between the amplifier and
comparator would allow Vem. and VCo to be adjusted inde·
pendently of VAc:m and VAo' However, BC coupled circuits
exhibit base-line shift which changes the effective threshold
level at higher count rates (5). The various diode clamp
techniques which are commonly used to limit base-line shift
do not completely eliminate it (13), and design of base·line
correction circuits suitable for use at 100 MHz is not 8 trivial
problem. Nor is simple direct coupling between the amplifier
and comparator a possibility, since an amplifier gain of 1200
would be required if a 500-"V signal were to cause threshold
crossing.

This pulse counter retains dc coupling, but through two
simple resistor networks at,; shown in Figure 3. Resistors R3
and R4 (and similarly R6 and R7) act as simple voltage di­
viders, transmitting a large fraction of the amplifier output
pulse to the comparator input. However, R5 and R8 allow
the voltage at one end of each divider to be varied inde­
pendently over a range of +6 V to -6 V, wbich in turn allows
independent control of the quiescent values of the comparator
input voltages. With the component values shown, VCan can
be reduced to approximately 1 V, which results in much
improved overload characteristics. The comparator offset
voltage, Veo•can be adjusted continuously within a range of
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Figwe 3. PreampUfler/dlscrtm.lnalor circuit. AU resistances In cIvns: all capacitances In microfarads. FB1-Ffl.4 are ferrtte beads
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Figure 4, Relationship between amplllier Input end output vonages.
Note different sca5es for Input and output waveforms

approximately 20300 mY. A typical value of 50 mV results
in a tenfold gain in sensitivity compared with the directly
coupled amplifier and comparator. Both VCnn and VCo can
be varied independently of the amplifier gain, which can be
set so as to obtain the best compromise between bandwidth
and temperature stability. Furthermore. there is no base·line
shift ot any count rale,

The comparator is essentially a high-gain, high-speed
amplifier, and as such is particularly prone to oscillation.
Oscillations will occur when the differential input voltage
remains in some critical Tange near zero for longer thon the
propagation delay of the comparator (14). Therefore, the input
signal must traverse the critical range in 8 time period which
is less than the propagation delay of the comparator if os­
cillation is to be avoided. Fortunately, the rise time of the
amplified anode pulses is much shorter than the comparator
propagation delay time, so that hysteresis (which can only limit
sensitivity and maximum speed) is unnecessary.

The tendency to oscillate does limit the overall sensitivity
of the counter, however, since the critical range limits the
minimum useful value of of Veo. The width of the critical
range (which may be as small as a few millivolts or as large
as several hundred millivolts) depends on the (fixed) gain of
the comparator, the extent to which the comparator's output
is coupled back to its input via stray capacitance, and the

source impedance seen by the comparator at its inputs (I4).
Careful construction techniques can help minimize the stray
capacitance between comparator output and input. The use
of a comparator with EeL outputs is also advantageous, since
the voltage swing for an ECL logic transition is only about
one fifth of that for a TTL logic transition, and thus there
is less signal to couple back to the inputs. The width of the
critical range is also found to be smallest when the comparator
is driven by a balanced source with an output impedance of
about a thousand ohms or a little larger. Coupling resistors
R3 and R6 also serve to establish the desirable source im­
pedance.

The inclusion of R3 and R6 has one major disadvantage.
Every pulse from the amplifier must charge up the input
capacitance of the comparator through these resistors, and
if too large a resistance is used, the resulting RC time constant
becomes the limiting factor in the frequency response of the
counter. The value of 680 n was chosen as a compromise
between high frequency response and sman critical range (i.e.,
high sensitivity). Different values for these resistors could
improve either of these characteristics at the expense of the
other.

PrescaJer/Linedrivcr Circuit. The prescaling and line
driver circuitrY of the pulse counter is shown in Figure 5. The
signal from the comparator is converted into a TTL level signal
(+1) which is used to drive the light emitting diode (LED)
that indicates the state of the comparator (it is on when the
comparator is in its quiescent state). Since R5 and R8 (Figure
3) can be adjusted to make VCo negative (so that the com­
parator is permanently triggered), the STATE LED is par­
ticularly useful when adjusting the threshold level of the pulse
counter.

The output of the comparator also goes to a binary counter
composed of three fast (140 MHz) ECL flip·nops which divide
the pulse stream from the comparator by 2, 4, and 8. The
output from each stage of the counter is also converted into
a TTL level signal. A 74153 multiplexer passes one of these
signals (or the +1 signal) to the 75109 differential current
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mode line driver, which transmits the pulse train ro the digital
counter. The line receiver circuit (used at the input of the
digital counter) is shown in an inset in Figure 5. The signal
selected by the multiplexer also triggers a mon08table which
flashes the PULSE LED. The output pulse width of the
monostable is adjusted with R9 and Cll so that the LED
emits a visible flash (a few milliseconds long), which is used
to indicate whether pulses are being detected by the counter.

The amount of prescaling used (i.e., which signal is
transmitted by the multiplexer) can be determined either

manually or under computer control. When the AUTO line
is HI, the manual prescale select switches, SWI and SW2,

control the multiplexer. When the AUTO line is LO these
switches are disabled and the multiplexer is controlled instead
from the computer via the remote prescale select lines. Two
LEOs are used ro indicate the status of the multiplexer control
lines. It should be noted that the output pulses from the
discriminaror are so narrow (-11 ns) that the "+I" output
of the prescaler does not trigger the line driver reliahly, and
single·count resolution should normally be obtained by
counting both positive- and negative-going edges of the +2
output (15).

The entire circuit of the phoron counter is designed so that
only two main supply voltages (+6 V and -6 V) are needed.
The auxiliary voltages needed for the TTL and ECL inte·
grated circuits are derived on the circuit board using the
simple diode circuits also shown in an inset in Figure 5.

Construction. When working with high frequency, low
level signals, the construction methods used are as important
as the rest of the circuit design, and some of the details of
construction found ro be necessary with the pulse counter arc
summarized here (16).

The entire circuit (except for the power supply) is built on
a single, 4 inch X 9 inch, double·sided printed circuit board,
on which as complete a ground plane as ;J<J5Sible is maintained.
Since the amplifier section of the circuit is very sensitive to
high frequency signals, extra precautions arc necessary to
shield the amplifier and comparator from both internal and
external noise sources. For instance, fast logic edges (such
as normal1y rL transitions) are very rich in frequencies above
30 MHz, which can be radiated very easily. It was found
necessary ro place a metal shield across the circuit board
between the amplifier-compararor section and the ECL and
TTL logic of the prescaler section ro prevent noise radiated
in the latter section from being picked up at the amplifier
input. Better results were obtained when the input and output
connecrors (as well as the PULSE and STATE LEOs) were
soldered directly ro the circuit board instead of being con­
nected with short wires, since such wires radiate and pick up
unwanted noise more easily than does foil on a circuit board
with a good ground pl3ne. The main circuit board is shielded
by internal partitions from the ac voltages present in both the
power supply and temperature control circuits. The de power
ro the circuit board is passed through the partitions via small
feed-through capcirors which are used ro bypass high fre·
quency noise. Ferrite bead and capaciror filters are used to
filter any remaining high frequency noise from the power
inputs ro both the amplifier and the compararor (see Figure
3).

Not only must the pulse counter be mounted in an enclosure
which shields it from external radiated noise, but extreme care
must be taken ro ensure that no noise "sneaks in" on the 115-V
ac power line. The pulse counter includes, at the power
entrance ro the enclosure, both a radio frequency interference
(RFI) filter and transient suppressors which successfully
eliminate such noise.

Preliminary experiments indicated that the thermal
characteristics of the circuit could be important. The pulse
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Figure 6. The completed pulse counter

counter was therefore built in an enclosure which was large
enough to include a sman circulating fan and proportional
temperature control circuitry so that the thermal behavior
of the counter could be easily studied and regulated. The
completed pulse counter (shown in Figure 6) has overall
dimensions of 11 x 3.5 x 7.5 inches. The rota! cost for all parts
and materials in the pulse counter unit was less than $130.

PULSE COUNTER PERFORMANCE

Sensitivity. It is necessary to calibrate the sensitivity of
a pulse counter using pulses with about the same width as the
actual anode pulses from the multiplier ro be used. The
FWHM of the anode pulses from the IP28 are about 5.5-6
ns; the plllses from the 8850 and the faster "bare" multipliers
were similar at moderate voltages. The narrowest pulses
obtainable from a Tektronix PG·501 pulse generaror had a
FWHM of just 5.5 ns, and an amplitude which was variahle
over a range of about 0-5 V. These pulses were connected
ro the counter via a calibrated 66-db attenuaror, which reduced
their amplitude to a range of 0-2.5 mY.

The input pulse amplitude necessary to cause reproducible
triggering of the pulse counter (with a 5O·{l108d resisror) was
measured as a function of discriminator setting. The lower
limit of sensitivity, determined by the onset of compararor
oscillation, is about 130 /lV. In practice, threshold settings
lower than about 250 /lV are not used, so that numerous small
noise pulses which are picked up by the cable connecting the
counter ro the multiplier will not be counted. Measurement
of VCo at the same threshold settings indicated that the ef­
fective gain of the amplifier for such narrow pulses is about
250, although the low frequency gain is nearly 400.

Speed. Pulse counter speeds are specified in several ways.
One method is ro specify the maximum frequency of a periodic
waveform ro which the pulse counter will respond. The
waveform is often not specified, but if it is a series of very
narrow pulses, then this method is equivalent ro specifying
the dead time or pulse pair resolution of the counter, The
dead time can also be evaluated by measuring the width of
the compararor output pulse for very narrow input pulses
(assuming that the amplifier and/or compararor limit the
speed of the counter). To specify that a counter is a "100-MHz
counter" or that it has a "10-ns deadtime or pulse pair
resolution" does not, of course, predict how fast a complete
pulse counting system which uses that counter will be, since
the behavior of such a system depends critically on numerous
other factors (6,8,9,11,17). However, such specifications
can be a useful basis of comparison between different counters
of comparable sensitivity, cost, and stability, and such
measurements are therefore worth making.

The sensitivity of this counter for 5.5-ns pulses showed no
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measurable change up to a pulse repetition rate of 57 MHz,
which is the limit of the pulse generator used. The output
pu1l!e of the comparator when the amplifier was driven by such
pulses was about 11 ns wide. The maximum frequency at
which the counter would trigger reliably with a sinewave input
was approximately 93 MHz, which is consistent with a pulse
pair resolution of about 11 ns. The speed of several pulse
counting systems incorporating this counter is examined
experimentally in a companion paper (I/).

Stability. Some of the results of preliminary experiments
using this pulse counter circuit indicated that while the
sensitivity was apparently sufficient to count all pulses when
used in a photon counting system. the importance of good
stability in the pulse counter electronics should not be ne­
glected (I 1). An examination of the sources of instability in
the two photon counting systems described in reference 11
revealed two major contributions. One was 8 low frequency
variation in the light source output of some 1%. By far the
worst type of instability exhibited by the electronics of the
pulse counting measurement system itself was the variation
in effective threshold with temperature. Several factors
contribute to thermal drift of the effective threshold, but
changes in the gain of the amplifier and in V., (see Figure
4) were found to be most important. Direct measurement of
the temperature coefficients of amplifier gain and offset
voltage is extremely difficult because the changes are small
and because so much low amplitude noise is introduced via
the test probes that measurements anywhere near the
(nonperturbed) critical range are imp06Sible. A more sensitive
(and perhaps more meaningful) method of measuring the
chOllge in effective threshold is simply to monitor the count
rate at a "constant" light intensity as the temperature of the
counter is varied. Such measurements were performed for
several amplifier gain settings. The dependence of count rate
on temperature was worst at low amplifier gain (G '" 60),
exhibiting a 30% change from 30 to 50 'C. Much better
results were obtained at full amplifier gain (the normal op­
erating conditions), where any count rate changes between
32 and 40 'C were so small as to be totally obscured by the

instability in the light source.
The temperature controller used with the pulse counter

mainUlins the temperature to within ±0.5 'C indermitely after
an hour's equilibration time. The present data are insufficient
to show whether such control is actually necessary for good
Btability. However, with this temperature control the in­
stability of the counter is almost certainly negligible compared
to light source instabilities, or to changes in photomultiplier
cathode sensitivity with temperature (I8).
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Micromolar Voltammetric Analysis by Ring Electrode Shielding
at a Rotating Ring-Disk Electrode

Stanley Bruckensleln· and P. R. Gilford

Chemistry Department. State University 01 New York at Bullalo. Bullalo. New York 14214

Ring electrode shielding at a rotating rlng-dlsk electrode
(RRDE) provides a sensitive solid electrode technique for the
study 01 mlcromolar solutions 01 electroactive materials, At
mJcromoiar levels, shielded ring electrode currents are free
01 nonconvecllve dIfIusIon cunenI complIcalions which obscI.re
f.adaIc rotatmg _ eleclrocle Cl.lTents. Ag(I), Bl(1II), Cu(II),
and Fe(II1) and mlxturel of Ag(l) and Cu(I1) can be de­
termined In the concentration range 0,1 to 10 X 10'" M.

In the determination of micromolar levels of electroactive
species at Bolid electrodes, the convective diffusion-controlled
current for the electrode reaction of analytical intereBt can

be obscured by charging currents and/or surface processes
occurring at the electrode. This problem can be minimized
by use of the rotating ring-disk electrode (RRDE) in the ring
shielding mode (I-3).

The RRDE has been shown to be of great utility in the
study of metal ions in solution since the ring electrode can
monitor electroacti\'e species generated or consumed at the
disk (4). Moreover, if the ring electrode is held at a fixed
potential, complications due to charging and surface processes
at the disk do not affect the ring currenl, thus making the ring
electrode shielding technique a sensitive measure of the
current due to the disk electrode process.

In this study, ring shielding at a RRDE was applied to the
determination of Cu(II), Bi(III), Ag(l), and Fe(lll). Simul-

OOO:>-2700179/0351-0250S01.00/0 e 1979 AmerIcan CheIricat Society
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If an intermediate, M(n~a)+, is generated at the disk from
a solution containing only Mn+ according to Reaction 1 and
detected at the ring by its reoxidation back to Mn+, then the
ring current for a convective diffusion·controlled process is
given by

iR = -NiD (5)

where N is the collection efficiency (2, 7). For a convective
diffusion-controlled process, the collection effioleney may be
calculated from rl' r" and r3 (8, 9). When Mn+ and Mln~)+

are both present in solution and Mn+ is reduced at the disk
electrode, the ring electrode current due to reoxidation of the
intermediate is

R;IOOK,

'w

-'0
""

tOil. 10K

'OK
-£~ ?

Figure 1. CIrcuit diagram fOf four-eleetrode potentlastat modified fOf
ring current offset capability

ccotrations, the experimental measurement of the absolute
value of iR>h is difficult, while the meaBurement of the dif·
ference between the limiting (unshielded) and shielded ring
currents, aiR. is much easier. The relationship between these
currents is obtained by subtracting Equations 3 and 7 and
substituting from Equation 2, i.e.,

<liR = iR.L - iR>h = Nio.L = O.62nF..rl'D'/'v· I/'NC' (8)

Because io,L in Equation 8 represents the faradaic current
associaud with Equation 1, and AiR is measured at constant
ring electrode potential, AiR is free of currents associated with
charging and surface processes at both the disk and ring
electrodes. Thus the measurement of AiR is a more sensitive
analytical method than the direct meaBurement of io,L.

EXPERIMENTAL
Instrumental. The earlier circuit used for independent

potentiostatic control of the ring and disk electrodes (3) was
modified as shown in Figure 1 to allow an offset current to be
summed into the ring current. This circuit still provided in­
dependent poUntiostatic control of both electrodes and increased
the sensitivity with which the small differences in ring currents
could be measured.

Current-potential and current-time curves were recorded on
an EAl X·Y·Y' recorder (Electronics Associaus, Inc.).

The analog voltage ramp for the potentiostat hOB been described
e1£ewhere (10). Unless otherwise stated, a scan rate of 200 mV{s
was employed for the ring shielding studies.

The electrochemical cell was constructed from borooilicau glass,
had an approximate volume of 500 mL, and had five porta. One
port provided sn inlet for the RRDE and a polyethylene cover
was fitted around the electrode over this port to minimize the
introduction of oxygen and other contaminants. The other ports
provided entrances for the auxiliary electrode compartment, a
gas dispersion tube, Luggin capillary, and for the introduction
of resgents to the cell. The cell was periodically cleaned witb a
50-SO volume mixture of concentrated sulfuric and nitric acids
by overnight soaking, followed by exunsive rinsing with reagent
grade water.

The RRDEs were rotaUd in a high-speed rotator (Pine In­
,truments Co., Grove City, Pa.). Precision pulleY' allowed in­
cremental ,teps of rotation speed from 400 to 10000 rpm. The
rotator I with electrode and cell in place, was enclosed in an
aluminum case grounded to the instrument ground to provide
shielding against external noise. Connections to the cell from the
instrument were made through the ,hield via double shielded

(6)

(4)

Thus, the ring current is the sum of two components-one
arising from the current at the ring electrode when there is
no disk process and one arising from the amount of M(fl-ol+
created at the disk. Analogously, if M(n~'+ in solution is
oxidized to Mo+ at the disk, the ring current for its reoxidation
will be decreaBed by Nio- It is this ability to monitor the
consumption of species at the disk electrode by changes in
the ring current that is the bOBis for the ring electrode shielding
technique.

Consider a solution of Mn+ having no M(n-cd+ in which the
ring electrode is potentiostated so that Reaction I is convective
diffusion-controlled. Initially, if no reaction occurs at the disk
involving Mil., the ring limiting current observed is given by
Equation 3. As the disk electrode potential is scanned
cathodically to produce the limiting current response for
Reaction 1t the ring current decreases because of the con­
sumption of Mn+ at the disk. The ring current does not fall
to zero since the di,k cannot prevent all Mn+ from reaching
the ring. Rather, the ring current will fall to a value defined
as the ,hielded riog current, ill>h (1-3). Its value is

iP.,oh = (P'/' - Nlio,L (7)

According to Equations 2 and 7, the shielded ring electrode
current is proportional to C'. However, at low solute con-

taneous detennination of Cu(J1) and Ag(l) WaB demonstrated.
Quantitative results were obtained over the concentration
range 10-7 to 10" M.

THEORETICAL
In order to describe our use of the RRDE shielding

technique for the determination of micromolar levels of a
species, the following reaction is considered:

Mn+ + oe - Mln-G)+ (I)

The expression relating the disk limiting current, iD,L, to
concentration for this process was first derived by Levich (5)
and is

io,L = O.62nF..rl'D'/'v· I/'w l/2C' (2)

where r, is the disk radius (cm), D is the diffusion coefficient
(cm'/s), v is the kinematic viscosity (em'/s), and w is the
electrode rotation speed (rad/s). The analogous expression
relating the limiting current to concentration at a rotating ring
electrode has been derived by Levich and Zaidel (6). Their
result also applies to the ring electrode of a RRDE when the
disk current is zero, and may be expressed as

ill .L = P'/'iO•L (3)

where io,L is the disk limiting current given by Equation 2 and
{J is 8 geometric function of '1 and the inner and outer ring
radii, '2 and '3. respectively, i.e.,
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Table L Rotating Ring-Disk Electrodes

electrode
no. type

I Au ring; Au disk
II Pt ring; Pt disk
III Au ring; Pt disk

R.• cm

0.383
0.383
0.380

0.412
0.398
0.402

R),cm

0.511
0.493
0.523

N

0.364
0.374
0.409

1.092
1.009
1.269

at -0.50 V, where the reduction ofCu(lI) to CulO) is convective
diffusion-controlled.

The steady-state i-E curve 9.t high concentrations of Cu(II)
shows two waves (Figure 2) due to the reactions:

.0.6 -0.4 .o.z ao -o.z -04 -0.6
Eo (volts)

Figure 2. Current-potential curve for CCu[1I1 :;;; 5.0 X 10-4 M-0.5 M
KCI. Electrode I, potential scan rate 20 mV/s. Disk. upper curve; ring.
lower curve

(9)

(10)

---=:1
1- ~Ir

10... A

1

Cu())) + e - Cu(l)

Cu(ll) + 2e - Cu(O)

·0.4-0.6

;LL~----,,--------,I'.•d
0'0 -0'2 ·0~4 ·0.6

Eol'o'Oltsl

Figure 3. Current-potential curve for CCI.(lII :;;; 9.70 X 10-1 M-0.5 M
KCI. Electrode I, potential scan rate 200 mWs. Arrows Irdcate di'ectioo
of potential scan. ER = -0.50 V

At ED = -0.4 V, Reaction 10 is convective diffusion·controlled
on the disk and the ring is fully shielded.

At low concentrations and fast scan raLes, very different
behavior is observed (Figure 3). The ring current is constant
in the region of +0.6 V s ED ~ +0.4 V. The ring then begins
to shield and at ED = 0.0 V is completely shielded. Only a
single wave is observed at the ring with low Cu())) concen­
trations whereas two waves are observed with high concen­
trations. During the anodic scan, a single ring current peak
occurs in the region +0.5 V S ED ~ + 0.2 V corresponding
to the oxidation of Cu(O) at the disk. The sharp increase in
iR at ED = +0.6 V is due to dissolution of gold at the disk.
Although a stripping peak is seen in the disk anodic scan, no
reduction wave is detectable in the disk curve due to charging

coaxial cable and shielded BNC connectors. Experiments were
performed at a rotation speed of 2500 rpm unless otherwise stated.

Electrodes. A coil of platinum or gold wire was used as an
aus:Hiary electrode, depending on the metal composition of the
ring·disk electrode being used. A commercial saturated calomel
electrode (SCE) (Fisher Scientific Co.) .was used for the reference
electrode. All potentials are reported vs. the SCE. The RRDEs
used in this study were construct.ed and polished by 8 previously
described procedure (I n. The various RRDEs used are described
in Table J.

Before each set of experiments the RRDE was polished using
O.OS/lm alumina. Next the ring and disk electrodes were potential
cycled in supporting electrolyte until reproducible i-E curves were
obtained. Then the ring electrode was potentiostatcd at the
working potential for approximately 15 min before performing
the. shielding experiments. For cleclrode reactions involving metal
deposition, this time dcposits an avcrage thickness of se,,'crnl atom
layers of the metal over the ring electrode,

Reagents and SolutioDs. All rea~ents used were of AR grade
and were used without further purification.

Solutions were prepared with water obtained from a MilIi-Q
Reagent Grade Water System (Millipore Corp., Bedford, Mass.).

Solutions were deoxygenated by bubbling with waler-saturated
nitrogen (boil-off from liquid nitrogen, Uniun Carbide, Linde
Division). During experiments, nitrogen was passed over the
surface of the cell solution.

Known volumes of stock solution were added to the cell with
a Manostat micropipet.

Procedure aod Data Interpretation. Values of ~iR were
determined for a series of concentrations in the range of 10-7 and
10-6 M M"·. These ,,'alues were obtained by taking the difference
between the ring current at a disk potential where a ring limiting
current was omervoo and the ring current at a disk potential where
the ring was fully shielded. Values of 6iR were plotted vs.
concentration. Theoretically, one should obtain a straight line
of slope m~K with zero intercept. Experimentally we found that
processes not of analytical interest (e.g., hydrogen and oxy~en

evolution at the disk) and solution impurities produced smnll
nonzero intercepts.

Steady-state values of io/- were obtained over the con.ccntrati.on
range of 10-5 to 10"'" M M" and plotted V8. concentration to gIVe

linear plots of slope miDJ,' An experimental value for the coUection
efficiency N was calculated from the ratio of m~"/mif)j. and
compared to the theoretical N calculated from the electrode
geometry.

RESULTS AND DISCUSSION
In this study the validity and utility of the RRDE ring

shielding approach for micromolar determinations was tested
for solutions conu.ining CuilI), Bi(III), or Ag(l), and mixtures
of Cu(II) and Ag(I), Also, the Fe(I1I)/Fe(II) system was
studied to show the validity of the ring shielding technique
for a system not involving underpotential meu.1 deposition.

Underpotential meLal deposition is an important factor in
the study of meLal/meu.1 ion couples at solid electrodes, e.g.,
Ag (12) and Cu (I3) on Pt and Bi (14) on Au. At the low metal
ion concentrations and fast scan rates employed in these
studies, the disk electrode reaction for these systems was
underpotential metal deposition, not bulk meLal deposition.
Therefore, the ring electrode became shielded at potentials
more anodic than the formal reduction potential for the
meu.l/meLal ion couple.

Determination of Cu(I1), Since the behavior of Cu()))
in 0.5M KCl has been well characterized (3), this system was
the first chosen to test the ring shielding technique. Electrode
I was employed for these studies. Its ring was potentiostated



~sr-----------,

3.

4' 2.5
3-

] 2.0

~
...:§.. 1.5

\.0

ANALYTICAL CHEMISTRY. VOL. 51, NO.2, FEBRUARY 1979 • 253

T
0.1,....

1

+tO .0.8 .0.6 +0.4 +0.2 ao -0.2
ED(¥Olts)

Fig.... 5. Ring current~isk potential ClXV8 for C8(tD) ;; 4.86 X 10-7

M-O.l M tN:l,. EIec1rode I. potential scan rate 200 mVIs. EA ; ~.25
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Figure 8. Ring current-disk potential curve for C....,,; 1.55 X 10-'
M-0.2 MH,sO•. Electrode II. potential scan rale 200 mV/s. EA ;

+0.10 V

reduction of Ag(l) to Ag(O) is convective diffusioo-controlled
at the ring.

A typical iR-EDcurve is shown in Figure 6 (CAcH) ; 1.55 X
10-<> M). A constant ring current is observed until ED ; +0.9
V, at which potential ring shielding begins because of un­
derpotential deposition of Ag(O) at the disk. In the anodic
scan, a peak at +0.8 V oS ED oS + 1.2 V occurs in the ring
current due to the oxidation of Ag(O) at the disk.

Values of iD.L obtained for the reduction of Ag(l) to Ag(O)
in 9.57 X 10-6 M oS CAc(Il oS 1.88 X 10'" M solutions gave a linear
plot of slope 0.574 ± 0.002 jJ.A/jJ.M. Shielding studies were
performed for CAr(l) ~ 5 X 10-8 M. A plot of aiR V8. con­
centration was linear and had a slope of 0.211 ± 0.008 iJ.AIp.M
for 4.88 X 10-8 M oS CAolI) oS 6.78 X 10-7 M. This slope cor­
responds to a value of 0.368 for N. Experiments at slightly
higher concentrations (7.86 X 10-7 M oS CAolI) oS 6.90 X 10-6
M) yielded a slope of 0.214 ± 0.002 jJ.AII'M, Le., N ; 0.373
(Figure 4). The theoretical N for Electrode II is 0.374.

Determination of Fe(III). The system8 described above
all involve underpotential metal deposition as the reaction
of analytical interest. However, it is not necessary that this
be the case for the ring shielding technique to be useful. To
demonstrate this, determinations of Fe(UI) were carried out
for solutions of Cr•(11 1) ~ 5 X 10-1 M, in 0.2 M H,sO, by the
reduction of Fe(III) to Fe(ll) at Electrode II. The ring was
potentiostated at ER ; +0.05 V and a scan rate of 100 mVIs
employed.

RRDE studies at 1 mM Fe(lll) in 0.2 M H"sO, show a
well-defined reduction wave for Fe(III) to Fe(ll) starting near
ED ; +0.5 V and exhibit a limiting current at ED ; +0.05 V
(Figure 7). With the ring potentiostated at +0.05 V, the ring
reduction reaction of Fe(III) to Fe(ll) is convective diffu­
sion-controlled and the ring is shielded for ED < +0.50 V. At
ring potentials more cathodic than +0.05 V, hydrogen evo­
lution interferes.

F9JrO 4. Plot of c:once_tlon of M" vs. [ai,- (a'Rlc ..). ("') Fe(UI),
slope; 0.062 ± 0.002 I'MI'M, (0) Ag(I), slope; 0.214 ± 0.002
I'MI'M. (01 Co(1I1, slope ; 0,247 ± 0.004 jJ.A/jJ.M. (V) B~llIl, slope
; 0.350 ± 0.005 I'MI'M

and surface currents at the disk.
No Cu(l) formation is observed until more than 500 jJ.C of

copper per em' of electrode surface has been underpotentially
deposited (15). Thus, at low concentrations, the shielding
observed at the ring results from underpotential deposition
of Cu(O) at the disk. The disk limiting current for Reaction
10 was determined for a series of 9.84 X 10-' M oS CCu(1I) oS
9.63 X 10-' M solutions. A plot of iD.L vs. concentration gave
a straight line of slope 0.713 ± 0.001 jJ.A/jJ.M. Shielding studies
were performed for a series of 2.19 X 10-7 M oS Ccuoo oS 6.82
X 10-<> M solutions. Values of aiR were plotted vs. concen­
tration, giving a straight line of slope 0.247 ± 0.004 jJ.AI I'M
(Figure 4). Calculation of N gives an experimental value of
0.346. The theoretical value of N is 0.364 for Electrode I.

Determination of Bi(III). The behavior of Bi(III) on Au
in 0.1 M HCIO, was originally studied by Cadle and
Bruckenstein using a RRDE (14). They found that under­
potential deposition of Bi(O) occurred in the region of 0.35
V oS Eo ~ -0.23 V and ring coUection curves yielded theoretical
collection efficiencies.

In this study, Bi(I1I) in 0.1 M HNO, was determined using
Electrode lover the concentration range of 10-7 to 10-<> M
Bi(III). The ring was potentiostated at -0.25 V, a potential
at which the reduction of Bi(III) to Bi(O) is convective dif­
fusion-controlled.

A typical iR-EDcurve for Bi(III) (C8;OJll ; 4.86 X 10-7 M)
is sbown in Figure 5. The ring does not shield until ED ;
+0.35 V and is fully shielded in the region ED oS -0.25 V. The
anodic scan shows a ring current peak due to Bi(O) oxidation
at the disk in the region +0.2 V oS ED oS +0.5 V.

The disk limiting current for the reduction of Bi(III) to Bi(O)
obtained in solutions 2.02 X 10-<> M oS C 8i(1I) oS 5.82 X 10-' M
gives a linear plot of slope 0.934 ± 0.004 p......1I'M. Linear plots
of aiR vs. concentration (Figure 4) are obtained for 4.86 X 10-7

M oS C8 i(JIl) oS 9.63 X 10-<> M with a slope of 0.350 ± 0.005
jJ.AI I'M, giving an experimental value of N ; 0.375. Results
at lower concentrations gave slightly poorer agreement, Le.,
a value of 0.330 for N in the range 5 X 10-8 M to 5 10-7 M
Bi(III). The theoretical N for Electrode I is 0.364.

Determination of Ag(l). The underpotential deposition
of Ag on Pt has been studied at a Pt RRDE in 0.2 M H,sO.
by Tindall and Bruckenotein (12) by potentiostating the ring
at ER ; +0.10 V.

In our investigation, Ag(1) was determined in 0.2 M H,sO.
at concentration levels of CAoln ~ 5 X 10-- M using Electrode
II and a ring potential of +0.10 V, at which potential the

\
T

o's,. ..
1



254 • ANALmCAL CHEMISTRY, VOL. 51, NO.2, FEBRUARY 1979

f9n 7, Curent-poten1lal """" IOf 1.5 X 10" M Fe(lIIHl.2 M H,so•.
EIoctrode II, pol8ntlaJ scan rate 10 mV/s. Oisl<. upper """"; mg. lower
curve. Arrows Indlcate direction 01 potential scan. E.; +0.05 V

+1.2 .t.0 +0.8 +0.6 +0.4 .0.2 0.0

[0 (voUs)

F';ure 9. Ring current-disk potentlaJ CISV8 for CCA(OI = 7.62 X 10-7

M, C'G!!; 6.88 X 10-7 M. Elect70de II, potenlialscan rate 200 mV/s.
E. ; -0.25 V

potentials are sufficiently separated.
Tindall and Bruckenstein previously performed simulta­

neous determinations of Ag(l) and Cu(lI) by stripping vol­
tammetry from the Pt disk of a RROE and collection at the
ring electrode (16). Solutions 10-' M to 10-· M in Ag(l) and
Cu(lI) in 0.2 M H,sO. were determined by this method with
10-15% reproducibility. Therefore, this system seemed well
suited for determination of Ag(l) and Cu(lI) by the ring
shielding technique.

Initially, studies were performed in 0.2 M H,sO. using
Electrode II. Tindall and Bruckenstein (15) have studied
Cu(lI) reduction in sulfuric acid at a Pt RROE. They used
an ER; -{).22 V, and found poor agreement between the value
of N as calculated from electrode geometry and that observed
from experiment. They concluded that a potential of -{).22
V was not sufficient to attain the limiting convective diffu·
sion-controlled current for Cu(lI) reduction. We, too, found
this to be the case. Also, at this potential pseudo-collection
effects due to uncompensated ohmic interactions were a
problem (/7).

A gold ring-platinum disk RROE (Electrode 111) allowed
using a more cathodic ring potential (ER ; -{).25 V) than was
possible at platinum. Even though this ER was not sufficient
to reach the limiting convective diffusion-controlled current
on gold, the results were superior to using a platinum ring at
a less cathodic ER. At more cathodic gold ring potentials,
reproducible ring currents could not be obtained.

Disk limiting currents for Ag(l) reduction were obtained
as described above for the determination of Ag(\) in the
absence of Cu(II). Attempts to measure limiting currents for
Cu(lI) reduction were unsuccessful at both the Pt and Au
ROEs. However, a well-defined wave for Cu(lI) reduction was
found using a carbon ROE with an area of 0.281 cm'_
Steady-state currents for Cu(lI) reduction to Cu(O) were
obtained at ED ; -{).50 V and a plot of io,L vs. concentration
gave a slope of 0.427 ± 0.004 p.A/p.M for 2.02 X 10" M :S CCu(II)
:S 9.33 X 10-' M. The calculated disk limiting current for
Cu(lI) reduction to Cu(O) at Electrode 111 is 0.691 p.A/p.M.

Shielding studies were performed for series of solutions 1
X 10-7 M to 5 X 10" M Ag(J) and Cu(lI) in 0.2 M H,sO,.
Initially, the concentration of one ion was held constant while
the other ion's concentration was changed to determine
whether the observed ring shielding currents for Ag(\) and
Cu(II) were independent of one another.

A typical iR-Eo curve for a mixture of Ag(\) and Cu(JI) is
shown in Figure 9. The ring is initially shielded in the region
+ 1.1 V :S ED ~ +0.6 V because of underpotential deposition
of Ag(O). The ring is then further shielded for ED :S +0.5 V

-0.2

r
50'"
1.

~"""----

'.
1f'Al

tW +08 .06 .0.4 +0.2
Eo ('l'Ol1s vt sal

Flgwo 8, Current-potenlial curve IOf 1.08 X 10-' M Fe(III)-0.2 M
H,50•. Electrode II, potonliaJ scan rate 100 mV/s. Disl<, upper c.."e;
ring, lower C\.<VO. Arrows Indicate direction 01 potential scan. E.;
+0.05 V

Steady-state currents for Fe{lll) reduction to Fe(lI) were
determined for 1.06 X 10-' M :S CF.(l1I) :S 2.04 X 10'" M. A
plot of iD,L VB. concentration was linear with a slope of 0.167
% 0.003 p.A/p.M.

At low concentrations of Fe(lIl) (CF•IIIIl < 10-' M), iD.L is
obscured by charging currents and surface processes occurring
at the disk electrode. However. the iR-ED curve shows a
defmite shielding wave due to the reductioD of Fe(llI) at the
disk (Figure 8).

A small stripping peak in the anodic iR-EDscan with an
area of_about 0.2 p.C is observed at about 0.5 V. This peak
is probably due to the impurities that contribute to the re­
sidual shielding of 25 nA. This residual current was fairly
constant from day to day despite thorough cleaning of the cell
and limited the detennination of Fe(Ill) to concentration levels
of CPotnD ~ 5 X 10-7 M.

A plot of aiR VB. concentration of Fe(l11) is shown in Figure
4. For 5.30 X 10-7 M :S CFo(IIl) :S 4.24 X 10" M, a slope of 0.062
% 0.002 p.A/p.M was obtained, yielding an experimental value
of N; 0.371. This value compares well with the theoretical
value of 0.374 for Electrode II.

Simultaneous Determination of Ag(I) and Cu(II). The
shielding method is also applicable to the simultaneous de­
termination of mixtures of metal ions, provided their haIf·wave
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Figure 10. Plot of ~/A V5. concentration of Ag(I) and Cu(lI) tor st­
multaneous determinations. (0) Cu(II), slope ; 0.257 ± 0.015 I'A/I'M;
intercept; 0.086 ± 0.011 I'A. (6) Ag(I), slope; 0.218 ± 0.008
I'A/I'M; intercept; -0.001 ± 0.004 I'A

because of underpotential deposition of CulO). Two ring
current peaks are present in the anodic scan due to Cu and
Ag oxidation at the disk. If the total metal deposition exceeds
one monolayer, an additional ring current peak is found (16).
We observed this peak only at higher concentrations in
mixtures of Ag(l) and Cu(ll).

Results for simultaneous determination of Ag(l) and Cu(ll)
(approximately equal concentrations) gave good results for
1.17 X 10-7 M :s CAg(l) :s 6.86 X 10-7 M. A plot of ~ilt vs. CAg(l)

yielded a straight line of slope 0.218 ± 0.008 I'A/I'M (Figure
10). The experimental collection efficiency of 0.419 compares
well with the theoretical value of N ; 0.409 for Electrode HI.

Plots of M R vs. CCu(lU for CCulm '" 5 X 10-7 M were linear
and had a slope of 0.257 ± 0.015 I'A/I'M for 3.88 X 10-7 M
:s Ceu(lU :s 1.15 X 10" M (Figure 10). This slope yields a value
of N; 0.372. The rather poor agreement with the theoretical
collection efficiency (N ; 0.409) arises because an E R ; -il.25
V on gold is not sufficiently cathodic to produce a convective
diffusion-controlled ring current for Cu(1I) reduction. Sat­
isfactory results at CeulUl :s 5 X 10-7 M could not be obtained.

For C eulm '" 5 X 10-6 M, a plot of ~iR vs. CCul1ll had a
downward curvature because appreciable amounts of copper
deposit at the ring during the experiment. As was noted by
Tindall and Bruckenstein (16), after more than about 10 atom
layers of copper deposit on the ring, reduction of copper
became very irreversible, and there is a decrease in the ob­
served collection efficiency. This decrease is not encountered
at lower copper concentrations since the duration of the
experiment is too short to deposit significant amounts of
copper at the ring electrode.
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Table II. Comparison of Analytical Senaltlvltlea

sensitivity in ng/mL ring
NFAAS ICPAES shield·

element DPP (18) (18) (18) ing O

Ag 0.001 4 4.3
Bi 0.2 5.0 10.5
Cu 13.7 1 9.5
Fe 1000. 5 22.

a Detection limit taken as amount required to double
background response.

CONCLUSION
The use of the ring shielding mode of a rotating ring-disk

electrode affords a simple, fast method for the determination
of micromolar and submicromolar levels of electroactive
species in solution. The ability of the ring electrode to monitor
species consumed at the disk provides a significant analytical
advantage over direct electrode voltammetry at low solution
concentrations. The technique provides good accuracy for
concentration levels of ~ 5 X 10-7 M.

Table II presents a comparison of the sensitivity obtained
by us for the ring shielding technique with that previously
given (I8) using differential pulse polarography (DPP),
nonflame atomic absorption spectroscopy (NFAAS) and
inductively coupled plasma sources for atomic emission
spectroscopy (ICPAES). As can be seen, the ring shielding
technique is quite competitive.
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100% (4)

where (1 and (2 are the molar absorptivities at AI and A2' and
b, c, and {j are length, concentration, and the ratio, (2/(;1'

respectively. Expressed in terms of the detected radiant
powers,

where <1>, and <1>, are the transmitted radiant powers and K
is the ratio of the incident intensities, 4>01. 4>02. at wavelengths
AI and A2' respectively.

Where D is the absorbance or scattering oC an interCerent
and is equal at both wavelengths, the relative standard de­
viation in the measurement of .:lA was written as

%""" = (2.3(1 - fl)Alt l [ [ 11"1 A ]' +
10- 10- 'EO!

[
"2 ]'] If' X 100% (3)

10 VlO-,1A'Eol

where Eo, is the photosignal re,ulting from the incident in­
tensity at ;\1; o} and U22 are the variances in the photosignal
resulting Crom the measurements oC 4'1 and <1>,. When {j = 0
and K = I, this equation describes SWS precision as well.

The uncertainties in the phowsignals, ", and "" are related
to those pholllsignals in three possible ways: independent of,
proportional to the square root of, and proportional to that
signal.

The relative standard deviation in the value of ~A Cor
independent uncertainty is

"1 1011
("lc ) - [102A, + K-I lO,"A,)I/' X
O"~A I - 2.3E

oI
(1 - fl)A

I

(2)~A = -log (<1>,/<1>,) + log K

where 0'1 = 0'1 = U2 and O't!E01 is the uncertainty in any
photosignal measurement relative to the reference signal.
&juation 4 is plotted Cor various values of {j as the dotted lines
in Figure 1 where oJ! EO! = 0.5 X 10-3•

For square root uncertainty

lot'f' [1 ]1 /'
(%"~A)P = 2.3(1 _ mAl PEO! [lOA, + W'lI)"A,) X

100% (5)

where the product PEO! may be considered to be the number
of photoevents in the measurement interval for EO!. The value
of P may be calculated from operational parameters since P-'
= 2 meRf.).f where m, e, Rf, and .).f are PMT gain, electronic
charge, Ceedback resistance oC the OA current-to-voltage
converter, and noise equivalent bandwidth. The propor­
tionality factors involved in P aTe discussed in references 1
and 2. Equation 5 is plotted in various values oC /3 in Figure
2 Cor PEol = 10'.

Finally Cor proportional uncertainty

V2~
(%o",,)p = 2.3(1 _ fl)A , X 100% (6)

where €is the "nicker Cactor", a proportionality Cactor between

The Iheory describing Ihe precision 01 dual wavelenglh
spectropholomelrlc (OWS) measuremenl Is exlended and
valdaled using a OWS In8trumenlIuIIy under computer control.
OWS measurement Is shown 10 be effecllve In comballlng
uncertainly due 10 optical artifacts produced by samples and
cells under non-ldeal condltlons. A method of conirolllng Ihe
Igh! level makes poaIbIe measwement 01 analyle absorbance
In Ihe presence of several unlfs of Inlerferenl absorbance.

1 Present addresa, Department of Chemisu)'. Kansas Stale
Univenity, Manhattan, Kansas.

Recently, a treatment (I) oC the precision of Dual Wave­
length Spectropholllmetric (DWS) measurement produced
several new conclusions concerning the conditions under which
optimum precision could be obtained and made several
comparisons with Single Wavelength Spectrophotumetric
(SWS) measurement. Among these are the Collowing.

(I) In the absence of interCerents and sample prescntatiun
variations, SWS measurement will generally provide better
precision than DWS measurement.

(2) Employment oC DWS measurement may reduce sample
presentation variations; this may lead to better precision for
DWS measurement thsn for SWS when the sample creates
distortions in the beam.

(3) Although the absorbance oC an interCerent may be
cancelled in DWS measurement (the primary advantage oC
DWS), the interCerent seriously degrades the precision so that
measuremellt is nearly prohibited in the presence oC greater
than two to three units oC interCerent absorbance.

In the investigation described herein, the theoretical
treatment is expanded III cover more careCully sample
presentation variations and III present a new mode oC light
intensity programming. With regard III the latter, the output
signal oC a apectropholllmeter may be scaled in a variety oC
ways III suit the measurement and the signal processing
system. Commercially significant techniques Cor SWS in­
struments include programming the slit, which may degrade
resolution, and programming the gain of the pholllmuitiplier
tube, which yields no improvement iC the uncertainty in the
measurement is signal shot-noise limited. Neither method
is suitable Cor DWS measurement in the presence oC serious
optical interCerence. Consequently, new programming
techniques must be investigated.

The theoretical investigations must be validated by ex­
perimental studies. To that end, the development of a highly
flexible DWS spectrophotometer is described which is Cully
under computer control. The extent oC that control makes
possible both the selC-optimization oC a wide variety oC ex­
perimental parameters and the control and adjustment oC
those parameters where required to test their eCCect.

THEORETICAL
As previously described (1), the measured DWS value, :lA,

is the diCCerence in the absorbances at Al and A,:

dA = Al - A, = ('1 - .,)bc = (l -/3l<,bc (1)

0003-2700179/0351-0256$01.00/0 e 1975 Amorican Chemical Society
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Figure 1. Percent relative standard deviation (% RSO) as a function
of absorbance for vartous values of fJ under conditions of independent
uncertainty. The dashed lines and solid lines represent measurement
without and with programmable attenuation, respectively. The lines
~e5 ~IC1U~ed from Equations 4 and 10, respectively, where a(IE01

........I ..ClI ... ,1

Figure 2. Percent relaUve standard c:Jeviation (% RSO) as a function
of absorbance for various values of {j uncler conditions of square root
uncertainty. The dashed lines and solid lines represent measll"ement
without and with programmable attenuation, respectively. The lines
~~~ calculated from Equations 5 and 11, respectively, where PEOI =

the signal and the uncertainty in that signal; ~ is considered
here to be approximately equal for both wavelengths. Ob­
viously, (%a",,)p monotonically decreases with A, so that it
will seldom be limiting except at low A"

In all the above cases, % a"" is proportional to (1- {jt' so
that the expected precision is poorer for DWS measurement
than for SWS since a SWS measurement may be represented
by setting (j = O. In Equations 4 and 5, the dependence of
%a... on D is very strong, drastically degrading precision when
interferences are present.

Correlated Sample Presentation Variations. In dis­
cussing the various contributions to proportional uncertainty
in SWS measurement, Ingle and co-workers (2,3) have pointed
out that the most significant might be that due to variations
in the optical qualities of the sample and cell, even in high
quality cells. Where flow cells or cells of lower quality must
be used, the problem is accentuated. In DWS, these variations
are partially correlated however, and the suggestion has been
made (1) that their effect could be reduced.

This may be shown somewhat more rigorously by adding
to Equation 3 the covariance term of propagation of error
mathematics (4). This step is necessary since the two beams,
whose radiant powers are ratioed in Equation 2, follow a nearly
identical path; consequently, the optical variations are largely
correlated. Equation 3 now becomes
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(%a",,)y =

(2.3(1 _ {j)A ,>-' [ [ a, ]2 +
lO-DlO-··Eo,

[ KlO-D;~-dA'Eolr
2[ lO-Dl~~.'Eol KlO-D;~-~.'EOI] ]"2 (7)

Substituting for u, and U2, ~ is specified separately at A, and
1.2 as ~, and ~2'

u, = ~,EOII0 (D + ••)

u, = ~,KEo,lO-(D + ~.,)

(%u",,)y = (2.3(1 - P)A,l"I~, - ~21 X 100% (8)
Although the term ~, - ~, may approach null, the wavelength

dependences of the phenomena which produce tbe variance
will generally make it non-zero; these phenomena probably
include light scattering by surfaces and suspended materials
and refraction by oblique surfaces and gradients in the sample_
In any case, by comparing Equation 8 (adapted to SWS by
setting (j to 0) with Equation 6, it is apparent that the un·
certainty due to sample presentation will be less for DWS than
for SWS if (~, - ~2)/(1 - (j) < 2~.

Precision with Programmable Attenuation. Where the
magnitude of the reference incident power, 4JOl or 4»02, is not
limited by source intensity or the throughput of the optical
system. an effective upper limit is determined by the detector
and data acquisition system; a photomultiplier will fatigue
if operated at excessive photocurrent levels while multichannel
detectors such as vidicons, photodiode arrays, and charge­
coupled device photoarrays will saturate. Amplifiers and
analog-tn-digital converters also have an upper limit past
which they no longer provide meaningful values. On the other
hand, for each unit of absorbance by analyte or interferent,
the signal is reduced by an order of magnitude resulting in
decreased precision. Examination of Equations 4 and 5
suggests that for optimum precision the photosignal should
be kept as close to Eo, as possible.

When making a DWS measurement, the values of both 400,

and 40., are less than the incident radiant powers. Therefore,
if the incident power could be increased at both wavelengths
by precisely the same factor so that the photosignal at A, or
A, approaches the limit, the precision could be improved
without loss of accuracy. That factor would be the inverse
of the transmittance at the wavelength producing the larger
signal; in this treatment, that wavelength has been considered
to be 1.2, In such a case both measurements could be made
at a higher signal level.

The factor by which EO! can be increased is loDIQM' SO that
Equation 3 becomes

%a.:1A,' =

12.3(1 - P)A'I-{ [ lO-(\~~.'Eo,r+ [K~o, ]']'/

2

X

100% (9)

The prime indicates that the intensity is programmed.
\Vhere the uncertainty is constant, 0'1 = at = 0'2'

(%0":1.4')/ = 0'1 [lQ2(l -lilA, + K-ZP/2 X
2.3(1 - P)A,Eo,

100"10 (10)

Equation 10 is plotted for various values of {j as the solid lines
in Figure 1.
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As! it was for Equation 5, square root uncerUlinty is treated
by making CT, and CT, proportional to the square root of the
signal.

CT, = I<IO-{I-~)A')Eo,1PI'/'
CT, = (KEo,I P)'/'

(%CT",,). = (2.3(1- PlA,t' [10(1 - ~)A'IEo,P +
(KEo,Pt'J'/' X 100% (11)

Equation II is plotted for various values of {J as the solid lines
in Figure 2.

In the case of proportional uncertainty, the precision is
independent of the magnitude of the photosigns!. Conse·
quently, controlling the intensity will have no effect. However,
since the total variance of the measurement is the sum of the
individual variances, measurements are usually limited by the
independent or square root uncertainties which are usually
higher than tbe proportional uncertainty.

In comparing Equations 4 and 5 with 10 and 11, two sig­
nificant differences stand out. First, the dependence of the
precision on A, is weaker where (J > 0 in Equations 10 and
11; this is easily observed in Figures I and 2. Secondly, and
more significantly, the very strong dependence of the predsion
on D in Equations 4 and 5 is eliminated.

It should be noted that the required capacity to increase
radiant power by the factor of 10tl>+M,) is not readily obtained
since, if increased radiant power was available, it might appear
reasonable to use it at all times. However, since the detection
system will have an upper limit, the radiant power must be
reduced from its maximum to a level compatible with the
detection system. The radiant power can then be increased
as D and {JA , increase. Alternatively, if an integrating detector
or a voltage-to-frequency converter and counter is used, the
integrated radiant power can be programmed by simply
changing the integration period.

EXPERIMENTAL
Instrumental. The system developed to test the principles

developed above is based on a GCA McPherson Eu-nl spec­
trophotometer system and a microcomputer·based minicomputer
system. The computer system is built around an BOBO and/or
loBO microprocessor on the S-Ioo bus. Peripherals include floppy
disk, CRT, and printer. Programs were written in HASle with
assembler subroutines. The computer system was described in
detail elsewhare (S).

The original light source module was replsced with a high
intensity light source module to obtain the requisite wide dynamic
range in intensity necessary for the application of Equations 10
and 11. Tha module contains a 3O-V, 375-W tungsten halide lamp
(Sylvania OWl) with a linear ftlament. A concave mirror collects
and collimates the light, and the infrared radiation is removed
by a heat-absorbing ruter. A Kepco Ks36-30M regulated de power
supply is opersted in the current-regulated mode, and current
level may be controlled by the computer vis an B-bit digital­
to-analog converter,

A second mode of programming the intensity is accomplished
by use of linear variable transmission wedges which are positioned
in the beam by driving a precision rack (Berg No. RI-Bl with a
de gear motor (Hughes C·54). Unregulated %6-V power to drive
the motor is switched with mechanical relays. Micro switches
at the limit positioDB limit the travel; these switches also signal
the computer of limit condition. Using ehort pulses (about tOO
ma) to the motor and reading the photocurrent between each, the
light inteDBity can be adjusted under program control to within
10'llo of a present level in I s or less.

An absolute shaft enooder (Norden ADC·13·BNRY-A), which
generataB 128 counts per revolution, is used to monitor the position
of the attenuator. The value is read vis parallel I/O ports. A
48-tooth, 64-pitch spur gear couples the enooder to the rack
providing resolution of 0.47 mm per count.

Several linear optical attenuators were tried in hope of fmding
one which attenuataB equally over a wide wavelength region. The

first was a linear neutrsl deDBity wedge (Edmund Scientific). A
second wedge was produced by imaging 8 pattern in gold on
quartz; the pattern coDBists of a 40-tooth comb, each tooth being
a triangle approximately 0.64 mm by 330 mm. The .1:1 photo­
graphic negative for the comb was also tested.

A third mode of programming was the use of an iris, adjustable
under program control. A geared pulley was mounted on the iris
and coupled by a plastic belt to a pulley on a small stepping motor
(HSI36740-63) so that it may be closed in 180 steps. The fully
open position is indexed via a micro switch, and a given aperture
can be reproduced by counting a preset number of steps.

The signal level but not the intensity could also be programmed
via the gain on the photomultiplier tube or by a programmable
gain amplifier; the former was used. A 0- to 10-V digitsl-to-analog
converter controls the voltage on the photomultiplier tube in the
EU-701-30 detector module. It should be noted. however, that
pr"l.'Tamming the photomultiplier gain has no effect on the photon
flux, and consequently it has no effect on square root uncertainty.
However, it does provide a convenient method for initially ad·
justing the output CWTent level to the input of the data acquisition
system.

The photomultiplier current is converted to a voltage using an
operational amplifier (RCA 3140) with a IO-Mll resistor in parallel
with a loo-pf capacitor in the feedback loop. The relatively long
time-constant eliminates the need for a sample-and-hold amplifier
preceding the analog-to-digital converter,

The analog-to-digital converter is a lO-bit successive ap­
proximation converter whose effective resolution was increased
according to the technique suggested by Horlick (6); a sine wave
generator was connected to the amplifier's summing point through
a to'-ll resistor, thereby adding pseudo-random noise to the signal.
The generator was adjusted at 1 kHz for approximately 1 V
peak-to-peak output with 0.5 V offset. By summing 255 con­
versions for each measurement, the effective resolution is ap­
proximately 12 binary bits.

The monochromator (EU-700) is a ezeroy-Turner mount
grating monochromator. The wavelength control may be driven
by either stepper motor or dc slew mot{)r; each of these was
int.erfaced to the computer so that it may be activated under
program control. An encoder, coupled to the drive, produces
pulses which were directed to an up/down counter in the computer
interface so that the current wavelenbrth is continuously available
to the program.

DWS wavelength modulation is performed by rotating the
mirror which focuses the light from the grating onto the exit slit.
The mount for the parabolic mirror was replaced by a precision
mirror mount (Oriel, Model 1450); a precision spur gear was
mounted on the horizontal rotation micrometer and coupled to
o gear on a stepping motor (Superior Electric, Type SS25-1140)
mounted outside the monochromator. Absolute indexing of the
drive is possible by stepping to a limit switch. The motor is driven
by pulses produced by a computer output port. The excursion
of the wavelength modulation was limited by loss in intensity at
~~ more than about -20 nm, where K drops to about 0.3.

A split beam module based on the design of Defreese and
Malmstadt en was also used for some preliminary work to obtain
simultaneous dual wavelength output. The exit folding mirror
was replaced by a beam splitter so that radiation appears both
at the original exit slit and on the front focal plane. A carriage
containing an adjustable slit and photomultiplier tube housing
is positioned laterally along the focal plane by a stepping motor.
Except where noted, this module was not used for the investi­
gations described herein.

A Programmable Sample Chamber (EU-nl-I I) was used. This
module contains an oscillating cell holder which may be halted
in either sample or reference position upon receipt of a TTL signal
Internal reed relay closures signal the computer when the holder
has reached one position or the other.

Reagents. Astock solution of K,cr,O, dissolved in 0.1 M KOH
was used to prepare a series of solutions of varying absorbances.
These were used for studies of precision as a function of ab­
sorbance at the analyticel wavelength psir 395 and 407 nm. At
these wavelengths {J = 0.292.

For the studies of precision as a function of interferent con­
centration, a series of solutions were prepared in which varying
amounts of p·nitrophenol were added to a constant amount of



potassium chromate. At the analytical wavelength pair employed
for potassium chromate, fJ for p·nitrophenol is 1.00, and M =
O.

Study of the Programmable Attenuator. It was first
necessary to determine whether or not the intensity could be
precisely programmed; this was done by measuring the wavelength
dependence of each of the programming techniques.

For each technique, the value of K was determined as a function
of attenuation at the 395/407 nm wavelength pair. This was
performed by programing the light source power supply, by
varying the position of the attenuator with each type of optical
wedge. or by varying the aperture of the iris. K could also be
detennined as a function of encoder or stepper position for future
use.

Study of Sample Presentation Variations. To determine
the extent to which DWS measurement can correlate the sample
presentation variations, it is useful to increase those variations
by using 8 flow cell with nonhomogeneous contents or 8 poor
quality conventional cell; a plastic cell was used. With the cell
position fixed in the cell holder, both A, and M were measured
by making a set of 20 measurements. averaging, and computing
the standard deviation. This procedure was repeated 20 times
with the cell removed and replaccd between each set.

The 20 averages were then averaged, and the standard dcviation
of that population was determined and compared with the average
standard deviation of the 20 sets. The standard deviation of the
averages would, in the absence of positioning variations, be
expected to be equal to the average standard deviation of the 20
sets divided by v'W. The extent to which those values are
different is then a measure of the effect of sample presentation
uncertainty on both SWS and DWS measurement.

Study of DWS Uncertainties. DWS measurements were
made both as a function of AI and of D in order t.o compare
Equations 4 and 5 with 10 aod It. Each datum consists of the
standard deviation of 20 measurements with the cell in a fixed
position.

The programmed. sequence for DWS operation will be briefly
described. Upon initialization, the computer closes the attenuator
to a minimum light level. zeroes the dual wavelength stepper drive,
and queries the operator for the current monochromator
wavelength, Ah the desired A, and ilA, and LMODE. If LMODE
= • YES', the computer will later optimize Al for the particular
interferent.

If it is necessary to search for AI' the slew motor is activated
in the appropriate direction and stopped when the encoder value
indicates that the monochromator is close to ).1' The number of
steps required to reach AI is then computed and the mono­
chromator is stepped to Al * 0.01 nm.

The photomultiplier voltage is then optimized under program
control so that the larger signal of those corresponding to the
incident intensities at ).1 and ).2 wiU produce a current such that
the A/D converter will approach full-scale.

If LMODE = . YES " the operator is requested to place a
sample of pure interferent in the sample chamber. The computer
adjusls Al (and consequently A,) by determining K. moving the
interferent sample into position, determining .lA, and changing
A, if the absolute value of ilA exceeds the uncertainty of the
measurement.

The reference is again positioned in the beam and K is de­
termined.. The operator is then requested to place the sample
in the chamber, and that sample is moved into the beam. Atthis
point. the computer positions the attenuator until one beam, II
or 1" produces a near full-scale anaIog-to-digital converter reading.
Then the rack encoder position must be read or the stepper
position must be noted so that the value of K may be corrected
by the value of the relative transmission computer from the data
which was stored. At that point, 20 values of M may be de·
termined, and the average, standard deviation, and relative
standard deviation are determined. A new sample is then re·
quested.

If an SWS measurement is to be made, the attenuator must
be kept at a constant position since the reference intensity is
constant.
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Table L Sample Preaentation Uncertainty

SWS DWS(6A=12nm)

A, = 0.8207 6A = 0.5809

20 measurements without changing cell

%0 = 0.12% %0 = 0.15%

20 repetitions of above, replacing cell between each

%0 = 0.15% %a = 0.05%

The measurement can be forced into conditions whereby it is
limited by independent, square root, or proportional uncertainty
by control of slit width and signal processing parameters.

For study under conditions of independent uncertainty, the
limiting uncertainty in this system lies within the data acquisition
system, possibly a somewhat artificial though not atypical si~
uation. Square root uncertainty is reduced by opening the slit
somewhat so that the feedback loop reduces PMT gain voltage
to about 350 V while maintaining full·scale photocurrent; this
ensures a high photon flux and low square root uncertainty. The
independent uncertainty is primarily due to the lO·bit analog·
to-digital converter. The technique for expanding its resolution
as described earlier is defeated primarily by reducing the number
of conversions to 16 and by reducing the sine wave frequency so
that it may not approximate random noise as well.

For study under conditions of square root uncertainty, the slit
width is closed to about 160 ~m. The consequent reduction in
photosignal with the attenuator closed causes the computer to
increase the detector voltage to about 1000 V. This corresponds
to a photoelectron rate of roughly lQ8 photons-s-1 producing a
full·scale analog-to-digital conversion (8).

The time required for 255 conversions is 38 ms, and since the
current-to-voltage amplifier time constant is about 1 ms, the
mcasurement interval can be taken as roughly 38 mi. COl18&­
quently, a measurement represents the detection, at full scale,
of roughly 3 X 10" photons. This estimate is of sufficient accuracy
only to provide confidence that the measurement precision under
these conditions must be limited by square root uncertainty.

For study of proportional uncertainty, other sources must be
greatly reduced so that they are not limiting; this is accomplished
by opening the slit to 900 jLlIl and performing the signal processing
in the normal mode. However, since this relative standard de­
viation monotonically decreases while the relative standard
deviation due to other uncertainties increases with absorbance,
it is difficult to create conditions in which the photoelectron rate
is so high and independent uncertainty is so low that proportional
uncertainty is limiting over a wide range; no attempt to do 80 was
successful.

RESULTS AND DISCUSSION

Programmable Attenuation. Three modes of attenuation
were attempted. In no case was K constant with intensity.
The technique of programming the light source current waa
rejected because of the slow response. Because of the thermal
inertia of the tungsten-halide lamp, up to 40 s were required
for the intensity to be constant within the uncertainty of the
measurement; this created a problem in the critical function
of reducing the radiant power in order to remain within the
range of the electronics inputs.

The dynamic range of the remaining modes waa limited
since the intensity could not be continuously reduced to near
zero; the various linear attenuators and the iris had intensity
ranges of 100 to 200. The iris proved to be the method of
choice since it is not vulnerable to dirt on an opticalsureace.
A look-up table of K values for each discrete stepping motor
position can readily be produced for the analytical wavelength
pair.

Sample Presentation Variations. In this study the
resulls, summarized in Table I, indicate that sample pre­
sentation variations are significant in SWS measurement, but
less significant in DWS measurement. For the meaaurementB
made without moving the cell, Equation 3 predicts that the
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\". ....-.... -.-._ ..... -.
figure 3. Experimental study of precisk>n as a function of interferent
absorbance (D). (A) Independent uncertainty conditions (0) with no
atteouator. (8) square root oocertainty conditions (t) with no anenuator.
(C) Independent OOC8rtalnty cond~ions (A) with anenuator, (0) square
root uncertainty conditions (+) with attenuator

relative standard deviation for DWS measurement should be
greater than that for SWS by a factor of (I -IW '. Since Ii
= 0.29, the increase should be by a factor of 1.4; this is ap­
proximately the case.

When the values for each of the 20 sels are averaged. the
relative standard deviation, exclusive of sample presentation
uncertainty. should be decreased by a factor of 20'1". For
the DWS case. the resultant relative standard deviation is only
slightly larger than the predicted 0.034 % indicating that the
sample presentation uncertainty is less than 1(0.05)' ­
(0.034)'1'" or 0.036%. For the SWS case, the predicted
relative standard deviation of the averages should be 0.027%
indicating that the sample presentation uncertainty is about
0.13%. These results indicate that where sample presentation
uncertainty is significant, it can he lar~ely correlated in the
DWS measurement.

This experiment was also attempted using the split beam
module; however. the results were less positive indicating that
the deflections of the beam by the sample had different effects
on the two detectors; this result should have been expected
since the beams for the two wavelengths travel n much less
identical path thall they do when the wavelength is modl~atcd

by the mirror.
DWS Precision as a Function of D. As Equations 4 and

5 suggest, the precision of DWS measurement in the absence
of a programmable attenuator is 8 strong functiun of D; for
independent and square root uncertainties, the relative
standard deviations are proportional to 100 and 100". reo
spectively. However, with the allenuator. the dependence on
D is eliminated (Equations 10 and 11).

The experimental dependence on D is shown in Figure 3.
For these data, {J =0.29. and A, =0.22. A linear regression
analysis shows that curve A, corresponding to Equation 4. has
a slope of 10°'''''' which is quite close to the theoretical value
of 101.00. Similarily. curve B, corresponding to Equation 5.
has a slope of 10·"0 compared with the theoretical 100w.
However, when the programmable allenuator is utilized. the
slope is nearly zero for both independent uncertainty (curve
C) and square root uncertainty (curve D).

Tbe programmable attenuation technique is limited by the
dynamic range of the attenuator; in this case. a range of lOS:1
in incident intensity was used limiting the sum of IiA + D to
a maximum of about log,o(05) or 2.07.

DWS Precision as a Function of A ,. In the examples
shown for both independent and square root uncertainty.
employment of the programmable allenuator yields marked
improvement in precision at higher absorbance for mea·
surements limited either by independent uncertainty or by

....... , ....ul.,1

Figure 4. Experimental study of precision under conditions of lode·
pendent uncertainty as a func1ion ot absorbance. (e) No prograrTYnable
attenuator. (A) With attenuatOf. The dashed and solid lines are
calculated for J1 = 0.29. K = 1.0 from Equations 4 and 10

......
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Figure 5. Experimental study of precision under conditions of square
root uncertainty as a function of absorbance. (e) No programmable
attenuator. (.6.) With attenuator. The dashed and solid lines are
calculated for fJ = 0.29. K = 1.0 from Equations 5 and 11

square root uncertainty. In Figures 4 and 5, the curves drawn
through the experimental points are theoretical curves for K
= 1.0 and Ii = 0.29. and the fit is sufficiently good to sub·
stantiate the predictions generated by the theory. It should
be noted that K is not constant as a function of Al when the
programmable attenuator is used. The consequent changes
ill the curves are, however, less than the uncertainty in de·
termining the precision; therefore, they are ignored.

CONCLUSIONS
Two important cunclusions can be drawn from this in·

vestigat.ion.
(1) \Vhere sample presentation variations are a serious

problem, they may be significantly reduced by DWS mea­
surement since the variations producing: these uncertainties
are largely correlated. The need for cells of high optical quality
has recently been emphasized (2). Huwever, except where
pathlength variations might occur. this requirement might be
relaxed for D\VS measurement. Furthermore, in cases where
the sample itself degrades optical quality. the DWS mea­
surement might also be advantageous; such cases would in·
clude analyses of samples in flow cells where turbulence and
density gradients can induce flicker. These data also support
the assertion (2) that sample mriations are not due to changes
in pathlength since such changes would not be cancelled by
DWS measurement.

(2) The range uf molecular interferent concentration over
which the value of~ may be precisely measured is greatly
increased. In principle. if there was unlimited control over



incident radiant power, measurements could be made in the
presence of several units of interferent absorbance without
loss in precision.

Here the results may at first appear artificial; radiant power
was attenuated at low fi and D rather than being increased
at high D or f3 > 0.0. However, it must be remembered that
PMT fatigue at excessive light level and electronic over-range
at high input current present real limits to the dynamic range.
Furthermore, the detector signal can be integrated over longer
periods of time by using integrating detectors or by using an
analog-ta-frequency converter and counter.

Although the range of allowable molecular interferent may
be very great, when the interferent is a scattering substance,
one must be much more cautious. As has been discussed
previously (9), the effect of a s",1ttering interferent cannot ever
be completely suppressed by application of Equation I. This
is due to the fact that scattering of radiation monotonically
decreases with wavelength so that no wavelength pair exists
where the scattering would exactly cancel.

The instrumental work in this investigation illustrates the
types of adaptations and corrections which may be made when
an instrument is under complete computer control. For
example, the addition of attenuator and encoder was a rel­
atively simple task entailing the construction of unly very
simple additional circuits and the addition of a few statements
in RASIC. However, although the methods of programming
the nttcnuator nnd of modulating wavelength were imminently
suitable for an investigation as this, they might not be pre­
ferred for routine work. A servo motor could probably be used
to bring the altenuator to balance marc rapidly, and other
techniques for obtaining dual wavelength modulation have
been discussed previously (10) and muy be preferred for
particular applications.
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We should point out that in addition to extending the range
of the DWS technique, a significant application of the work
described herein should be the weighting of points used for
a calibration curve. It is now clear that the precision of a
measurement may vary widely with AI' f3, and poesibly D, and
low precision data points should not be valued as strongly in
a calibration curve. Consequently, when executing a linear
or polynomial regression analysis of calibration curve data,
the data should be weighted according to their reliability (4).
This could be readily written into a program which would
either store both absorbance and precision as n function of
concentration or use relative weighting factors oomputed from
equations presented here.
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Reduction of Matrix Interferences for Lead Determination with
the L'vov Platform and the Graphite Furnace

Waller Slavin" and D. C. Manning

The Perkin-Efmer Corporation. Main Avenue. Norwalk, Connecticut 06856

The addition to the graphne furnace 01 a thln pyrolyllc graphne
plate (L'vov Platlorm) on which the sample Is deposited,
makes It possible to atomize the sample at more nearly
constant temperature conditions. This reduces analytical
Interferences that arise from a variation In the appearance
temperature for Pb when It Is present In dillereni matrices.
In addition, this platlorm makes It possible to volatilize the
sample Into a gas that Is hotter than the surface Irom which
the sample Is volatilized. This reduces the Interference re­
SUlting Irom the volatility of Pb halides. Using the platform,
we can determine Pb In matrices which contain chloride,
sunate, and phosphate wlthoul resorting to matrix modifications.
It remains necessary to carblde~oat the platlo,m surface to
reduce Its reactivity with Pb.

We have studied (1) the potential interference effects that
occur in atomic absorption graphite furnace analyses. Our

initial work used Pb as a test element because it appears to
be the most widely determined in the furnace. We used a
chloride matrix because the literature indicated that the
chloride matrix introduced the greatest problems in the
determination of Pb. We showed that Pb can be determined
in a chloride matrix using NH.N03 as a matrix modifier
additive to permit removal of a large proportion of the chloride
in the charring step prior to atomization of the Pb. In ad­
dition, it was necessary to control the surface of the graphite
tuhes (we used molybdenum coating on pyrolytic tubes), to
use signal integration to avoid errors due to changes in peak
shape, and to use an atomization ramp which separated in
time the residual background signal from the Pb signal. With
these precautions, we were able to detect less than 20 pg of
Pb in solutions containing 1% NaCI or MgCI,.

While the method of additions has been widely used to
Quantitate analyses where interferences are present, this
procedure involves extrapolation from the observed results.
It would be distinctly preferable to use simple standards with
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a minimum of matrix matching to interpolate the analysis of
unknown samples from conventionsl analytical curves. It
would also be prefersble to reduce or omit the matrix modifiers
previously required because materials added in large quantity
to samples or atandards carry the risk of contamination.

L'vov's original fumace design (2) used an electrically heated
tube into which the sample was volatilized from a graphite
electrode that was independently heated. Thus the sample
was introduced into the furnace which had already reached
constant thermal conditions. The Massmann (3) design (on
which most of the commercial furnaces are based) was
simplified by depositing the sample directly on the wall of the
fumace tube. Thus the sample is volatilized into the furnace
tube as the wall passes through a temperature appropriate
for the particular sample.

An important criterion for using the signal integration
method of quantitating furnace analyses is that the residence
times of all analyte atoms in the furnace are equal during the
measurement period (4). However the residence time depends
strongly upon the temperature of the furnace, because both
the diffusion coefficient and the vapor density are temperature
dependent. Since the metal is volatilized while the furnace
temperature is changing, changes in the matrix which alter
the time when the metal vapor is atomized will cause the metal
to be atomized at a different temperature. This in turn will
alter the residence time and thus the analytical results even
when signal integration is used for quantitation. It would
clearly be advantageous to volatilize the sample into an
environment that is not changing in temperature.

It is also important to reduce to a minimwn the time taken
to establish constant temperature conditions. Previous
Massmann-type furnace power supplies achieve the final
temperature by applying a specific voltage across the graphite
furnace so that at equilibrium the desired temperature will
be produced. In this situation, the rate of temperature in­
crease depends upon the difference between the starting and
final temperature for the atomization step. In the Model
HGA-2200 (and HGA-76B and HGA-500), a silicon diode
detector is used (5) to determine when the temperature has
reached the desired value. This permits the final temperature
to be selected independently of the heating rate. When the
diode detector observes that the final desired temperature has
been reached, the electrical conditions of the furnaces are
automatically reset to the conditions required to maintain that
temperature. In this study, we use the maximwn heating rate
to heat the furnace as rapidly as possible to its final tem­
perature.

L'vov et al. (6) have recently described the use of a thin
pyrolytic graphite plate (L'vov Platform, trademark of the
Perkin-Elmer Corporation) added inside the furnace tube.
The sample is deposited upon this platform which rests on
the inner wall of the furnace. The platform is largely heated
by radiation from the furnace tube, This arrangement
provides two theoretical advantages.

First, the time when the platform reaches the appearance
temperatures for a particular metal will be delayed relative
to the time-temperature relationship of the furnace wall.
Thus the metal will be atomized when the furnace has more
nearly reached constant temperature conditions.

The second advantage concerns the volatilization of mo­
lecular halides, Segar and Gonzalez (7) reported that copper
was co-volatilized with sodium salts in the graphite furnace
producing an attenuated signal for copper in the presence of
NaCL L'vov (8) and others have shown that such interferences
arise for many metals in a halide matrix because the metal
halide is volatilized as a molecule at a temperature lower than
required to decompose the compound on the graphite surface.
Since the gas tempersture foUows the wall temperature quite

Table I. Experimental Conditions for Ph with
L'VQV Platfonn

~ 283 nm, slit 5 (2.0 nm)
Ph EDL
D1 background correction used
Furnace: step 1 (dry), 270°C for 30 s

step 2 (char), ramp 15 s, 550°C for 15 s
step 3 (atomize), max power, 2000 °C for 16 s
step 4 (auto max temp)
argon flow 12 mL/min
15-s integration

closely (9), the L'vov Platform makes it possible to volatilize
the sample into the inert gas which is at a higher temperature
than the sample itself. Thus there is more likelihood that the
metal halide will be decomposed at the higher temperature.

In their publication, L'vov and his coUeagues (6) reported
gains in peak amplitude sensitivity using the platform for the
highly volatile elements (Cd and Pb) and moderately volatile
elements (Cu and Nil. and no improvement for relatively
involatile metals like Mo. More importantly, they found a
significant reduction of interference effects for reasons that
L'vov defends on theoretical grounds (8).

In addition, the platform extends the life of the furnace
tube. The platform can be made of solid pyrolytic graphite,
a material which is less chemically active than ordinary
graphite tubes. It should make the furnace more easily
adapted to corrosive materials such as perchloric acid.

Gregoire and Chakrabarti (10) investigated the platform
with a.n aim to increasing the sensitivity of furnace methods,
but they were not successful. In this paper, we will show that
the interference effects of chloride, sulfate, and phosphate
upon the Pb determination are greatly reduced using the L'vov
Platform.

EXPERIMENTAL
The Perkin-Elmer ModeJ 603 atomic absurpt.ion spectro­

photometer was used with the Model HGA·2200 graphite furnace
and the Temperature Ramp Accessory. Pyrolytically coated
graphite tubes were used in the furnace. The Model AS-l Auto
Sampler was used to improve the precision. In all cases, 20-IlL
aliquots were used. We used disposable polystyrene cups in the
AS-I, throwing them away after a single usage. The cups were
rinsed \,lith deionized water and dried prior to use. Eppendorf
Micro Pipets with polyethylene tips were used for all the dilutions
reported. Throughout this study, the background signal was
recorded simultaneously with the analytical signal on a Per­
kin-Elmer Model 56 two-pen recorder using the deuterium arc
as the light source. To correct automatically for absorption
base-line drift, we used a circuit described by Epstein (J 1). Most
measurements were repeated in triplicate. Integrated absorbance
readings were printed using the Model PRS-lO Printer Sequencer.
The experimental conditions nre swnmarized in Table I. It should
be noted that the Platform docs not reach the wall temperature.
which explains the 270°C wall temperature for drying.

The fourth step on the temperature program of the HGA-2200
is on automatic 5-s interval at the maximum temperature. To
be sure that the tube is purged. we lengthened that step to 8 s.
This was accomplished by changing a resistor in the Temperature
Ramp Accessory. We also lenbothened the cool-down interval prior
to the start of the next cycle to permit the platform to cool
sufficiently. This was done by taking the trigger signal for the
next cycle from the circuit that indicates that cool down is
complete. These capabilities are routinely available on the new
HGA-500 graphite furnaces.

Cboice of Analytical Wavelength. Our early experimental
work on the furnace wall had utilized the 217.0-nm line, the most
sensitive absorbance line for Pb. Since the highest matrix
concentration that can be used experimentally was limited by the
amount of background that could be corrected, we tested the
several matrices for background absorption at the 217.a-nm and
the 283.3-nm Pb lines. These background signals may be due to
scattering by solid particles or to molecular absorption. We did



Table II. Peak Background Absorbance of Several Salta

peak absorbance

217.0 nm 283.3 nm

0.1 % NaCI 0.26 0.36
0.2% NaCI 0.49 0.60
0.5% NaCI 0.74 1.10
0.1 % NaH,PO, 0.57 0.07
0.2% NaH,PO. 1.16 0.17
0.5% NaH,PO. 0.40
0.1 % Na,SO, 0.66 0.08
0.2% Na,SO, 1.05 0.17
0.5% Na,SO, 0.30
0.9% Na,SO, 0.46
2.0% Na,SO, 0.70

Figure 1. Design of the l'yov Platform used In these studies. not to
scale

not attempt to distinguish between the two effecLct in this study.
The data Brc summarized in Table II for solutions of sodium
phosphate, chloride, and sulfate. The background for phosphate
and sulfate materials was much sroaUer at 283.3 om so we used
this wavelength. If solutions contain mostly chloride, the 217.o-nm
line may be preferable.

Platform Design. L'vov used a rectangular plate of pyrolytic
graphite,4 x 5 mm and 1 mm thick. However, in our hands that
platform would hold no more than about 10 ~L of sample and
even in that case there was a tendency for sample to spill over
the sides. 'Ve have therefore designed a larger platform (Figure
1) of somewhat greater mass, about 90 mg. It is considerably easier
to use. \Vith this design we can use as much 8S 50 IJL of sample,
although in all of the work reported here we have used 20-~L

samples, dispensed from the Model AS-I Auto Sampler. We have
observed no problems due to dispensing. 10 the particular Model
603 we used, the platform vignetted about 10% of the beam from
the lead electrodeless discharge lamp.

The platform is made of solid pyrolytic graphite with the
lamellae oriented parallel to the plane of the plate. Thus the
thermal conductivity in the plane of the plate is very high, tending
to maintain the temperature constant over the surface.

\Ve have experimented with platforms of different materials
and different designs. Solid pyrolytic graphite was preferable
to ordinary graphite, although the observed phenomena wefe not
very different. When the contact edge between the platform and
the tube was reduced to three points, the reduced thermal transfer
did not materially alter the performance. \Ve saw very little
difference in performance between the smaJler, lighter platforms
as used by L'vov and the larger ones used in most of this work.

Heatiog Rate. In this work and in our earlier work (1), we
have consistently observed that the Pb absorption signal decreases
8S the heating rate increases. This is true whether peak area or
peak height measurements are used to quantitate the Pbsignal.
We studied the effect systematically With data summarIZed 10

Figure 2. The heating rate was determined by timing the period
between a charring temperature and 8 temperature about 70%
of the final selected atomization temperature. The furnace tube
temperature was determined either with an optical pyrometer
(Leads & Northrup Model 8632-C) or with an automatic py­
rometer (lrcon Model 2(00) at temperatures above 1500 ·C. In
all cases the sample was deposited on the L'vov Platform, although
it is the heating rates of the tube that are recorded 10 Figure 2.
An experiment with solutions containing 1% NaCI as well as 0.05
~g/mL Pb produced a curve with the same slope as shown in
Figure 2. The reduction of sensitivity 86 the heating rate increases
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Figure 2. Heating rate versus Integrated absorbance for a sokJtlon
contalolng 0.05 ~g/mL Pb (1 ng). The points represent cifferent k1Illal
aod fflaltemperalu'es. The spread of the data about the best flt wve
reflects the difficulty of measuring the heating rete accurately

can be explained by a reduction of the residence time.
Consistent with this explanation is the observation that the

Pb absorbance signel found is not directly dependent upon the
final steady-state temperature. Despite some loss in sensitivity,
we used the maximum heating rate for this work because, in
conjunction with the platform, this condition mirnimizcd in­
terferences.

Optimum Thermal Conditions_ Almost all experimental
conditions that we have used with the platform remove the
interference experienced with 8 chloride matrix upon the ab­
sorption of Ph. When the platform was used with the same
experimental conditions that we have used in our previous work
(I) for the determination of Ph in a chloride matrix on the wall
of the furnace, no interference from the chloride was found up
to concentrations in excess of 4% NaCl, even though the peak
NnCI background absorption was very large. However, these
experimental conditions did not remove Pb interferences pre­
viously reported for a sulfate matrix (12) nor for e phosphate
matrix. Probably this is because the phosphate and sulfate
interferences result from n shift of the appearance temperature
for Pb, as documented below.

Theoretically preferable experimental conditions require fast
heating of the furnace to the selected steady-state temperature.
\Ve compared the recovery of Ph from solutions containing
chloride, phosphate, and sulfate at different final temperatures
from 1500 to 2500 °C, using the maximum rate of heating to
achieve these final temperatures. The test solutions contained
0.05 ~g/mL Pb added to solutions containing 1% NaCI. 1%
NaH,PO" and 1% Na,sO,. While the recovery of Pb. in tbe
presence of NaCI was reasonably Independent of the expenmental
conditions, we obtained better recovery of Pb in the presence of
sulfate and phosphate using lower final temperatures.

Observation of the recorder tracings indicated that the Pb peak
at higher final temperatures extended for a longer time and often
resulted in a second smaller peak following the initial peak.
Previous experience in our laboratory and in L'vov's (6) indicates
that this effect results from condensation of Pb and the matrix
on the cooler outer ends of the furnace tube and the subsequent
revolatilization of the Pb as the heat reaches the ends. At lower
final temperatures, the portion of the tube above the atomization
temperature for Ph reaches equilibrium more rapidly. The
condensed metal and matrix are then removed in the fmal high
temperature clean-up cycle.

One limitation of the method we describe bere is lbat lbe
background and the element absorption signala are not separated
in time as was the case in our previous method for Ph in a chloride
matrix atomized from the wall of the furnace tube (I). Thus the
present procedure does not tolerate so large an araoont of NaCL
However it accommodates other potential interferences by
providing more theoretically optimum thermal conditions.

RESULTS

The object of these experiments Was to reduce lbe inter­
ference of various matricea upon lbe absorbance of Ph. We
believe that some of these interference effects result from a
shift of the Pb appearance temperature in different matrices.
We confirmed this using samples containing 0.1 ~g/mL Ph
and appropriate concentrations of chloride. phosphate. sulfate,
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2.0 Table III. Pb Platform Studies
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F}gure 3. Char and atomization curves tor samples deposited on the
furnace wall containing 0.1 Ilg/mL Pb and: (A) no additions, the Pb
being odd8d as nltrato; (6) In 0.04% NaO; and (C) In 0.01 % NaH'pO•.
For the char cycles, the atomization temperatures was always 1400
°C. For the atomIzation cycle of A and B. the char temperature was
600 ·C. for C n was 1000 ·C
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and nitrate matrices that were charred and atomized on the
furnace wall at different temperatures (13). Some of the
resulting curves are shown in Figure 3. The left hand portion
of each curve indicates the absorbance signal found for Pb
using the charring temperatures indicated. Atomiwlion was
performed at about 14OO·C in each case. In the right hand
portion of the curve, charring is perfurmed at the levels
specified in the figure caption, close to the maximum found
before loss of Pb in the charring cycle. Curves for 0.07%
NaNO, and 0.06% Na,sO, are omitted but both were at about
80 ·C higher temperatures than the chloride curve.

For each matrix the Pb signal begins to appear in the
atomization curve at about the same temperature that the Pb
signal has begun to decrease in the charring curve. However,
it is clear that this temperature is different for the several
matrices studied. Obviously, for Pb determin"tion with
samples atomized from the furnace wnH, these variations in
appearance temperature will cause the Pb to be volatilized
into the gas atmosphere at a temperature which will depend
upon the matrix, thus producing different signals for different
matrices.

Deposition of the sample onto the platform should cause
these variations to be smaller since for each matrix the gas
temperature should be more nearly constant when the Pb
appearance temperature is reached. Within the limits that
we could measure, this was true.

Extensive experiments were run with graphite furnace
tubes, some of which were pyrolytically coated and some that
were not. In some cases the graphite platform was molyb­
denum eosted by our procedure (1) and in some cases it was
noL There were variations in the experimental data as a result
of the somewhat different environments. Since Fuller (/4)
and we (l) have shown that the degree of interference of
chloride in the Pb determination depends upon the surface

Figure 4. Interference of NaC! upon the absorbance of 0.05 J,tg/mL
Pb atomized from the platform and from the tube wall. The wall
conditions are the same as those used for the platform in Table 1except
that drying was done at 110°C and max power was not used for
atomization

history of the graphite lube. t.he observations were adequately
consistent. These comparison experiments involved the
remo\'al of the chloride interferences which are discusscd in
a latcr section uf this paper. Some indications of the con·
sistency of the data is indicated in Table Ill. "A" and "B"
are platforms of somewbat different design in that the contact
edge of the "B" platforms was reduced. Three different
furnace tubes are represented from two manufacturers.

Using the experimental conditions of Table I. the effect of
chloride. phosphate, and sulfate matrices on the absorbance
of Pb was determined on the L'vov Platform. These results
\"'ere compared with measurments made by atomizing samples
from the wall of the furnace tube using conditions that differed
from Table I in that drying was accomplished at 110 ·C and
normal power was used in the atomization cycle. The results
are shown in Figures 4-6. In the case of chloride and sulfate,
the interferences on the platform are small until about 1%
of the interfering material, where the amount of background
absorption is already limiting. For particular experimental
purposes, the addition of appropriate amounts of ammonium
nitrate will reduce the background absorption for the chloride
in situations where higher concentrations of chloride are
encountered. In the case of the phosphate, the interference
even on the platform begins to be significant at about 0.1 %.
However, the interference is cunsiderably smaller on the
platform than it is when the sample is determined by
atomization from the wall of the furnace tube.

Some experiments were run with mixtures of the several
interfering species with results that were similar to the results
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FJgwe 5. Interferences of sulfate on the determination of Pb. Varying
amounts of Na2SO. were added to 0,05 }jg/mL Pb and these soluUons
were atomized both from the platform and from the tube wall. The
candiUons are as In Figure 4
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l'9>'e 6. Inte<1erence 01 phosphate on the determination 01 Pb. Vary'ng
concentrations of NaH2PO. were added to 0.05 }jg/mL Pb and the
solutions were atomized both from the platform and from the wall.
CondItions are as in Figure 4

obtained when these matrix materials were studied separately.
The object of all the previous experiments was to find

conditions which would make it possible to analyze real
samples with complex matrices u~ing standards that arc as
simple as possible. A recent paper by Regan and Warren (15)
described the determination of Pb in drinking water samples
using the graphite furnace. In most of the samples that they
tested, they could not obtain quantitative recovery of Pb that
they added to the drinking water samples using aqueous
standards. They were able to greatly relieve this poor recovery
by adding 1% ascorbic acid to the samples and to the
standards.

We performed recovery experiments on a group of envi·
ronmenW water samples by adding Pb to each sample. Using
environmental water samples containing from 200 to 800
I'g(mL of Ca and Mg, up to 0.5% SO, and 0.01 % CI, we could
recover from about 40 to 60% of the Pb added. Since this
result is inconsistent with the previous interference studies,
we looked for a problem found in our earlier work (1) that
depended upon the surface of graphite upon which the sample
was deposited. Some of these experiments are summarized
in Figure 7. We added Pb to successive dilutions of one of
the environmental water samples and plotted the recovery
against the dilution. Using ordinary and pyrolytic graphite
platforms we found variations in recovery with the history of
the platform as Fuller (14) and we (1) have previously reo
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Figure 7. Re<:overy experiments from an envi"onmental water sample.
The sample was diluted and 0.05 I'g/rrL Pb was edded to each solution
and plotted against the absorbance signal. The abscissa indicates the
lraetJon of the original env'<onmental wafer saJ1"4lIe (il percenf) remaiWlg
after diluUon. The condttlons tor Ins analysis were 85 shown In Table
I

ported. From many experiments, two typical curves are mown
in the lower part of Figure 7,

We Mo treated the Platform by our previous procedure (1),
presumably producing a Mo carbide surface. The variation
in recovery was much smaller and there was little variation
with condition of the platform surface. Similar results were
obtained by treating the platform with solutions of a Ta salt
as shown in Figure 7. However, in our hands, the Ta carbide
(ended to flake off after about ten firings, returning the
platform to its performance prior to Ta coating. Additions
of 0.5% La (as the sulfate) to each solution produced results
that were very similar to those of the Mo coated platform.

The similarity of the results for the several carbide-forming
metals suggest that it remains necessary to carbide-coat both
the platform and the furnace tube to obtain useful analytical
results for Pb in complex matrices.

Combining the advantages of the determination of Pb in
complicated matrices with the L'vov Platform with a matrix
modifier technique using ammonium nitrate (1), ascorbic acid
(15), or lanthanum additions (12) may provide procedures that
will produce satisfactory results on real samples with com·
plicated matrices.
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Molecular Absorption Spectra of Complex Matrices in Premixed
Flames

R. C. Fry 1 and M. B. Denlon'

Department of Chemistry, University 01 Arizona, Tucson, Arlzone 85721

The question 0' molecular spectral Interferences by undls­
soclated Inorganic matrix salls Is Inevllably raised when the
direct alomlc absorption analysis o' digested or untreated
complex materials Is considered, Dala presented In these
studies Indicate that the problem Is nol nearly as seriOUS for
premixed flame systems as has bean reported for elec­
trothermal and total consumption burner atomization,

Nonatomic absorption by matrix species represents one of
the most severe and troublesome interferences encountered
in direct trace level atomic absorption analysis of complex
materials. This interference is correctable by techniques
reviewed recently by Zander (1) if it does not exceed rea­
sonable limits. However, Fernandez (2) and Culver (3, 4) have
indicated that the ability of correction schemes to handle this
problem in nameless atomizers is exceeded during the at­
tempted analysis of some samples if the matrix is not first
oxidized by digestion.

Data concerning the molecular band nature of nanatomic
absorbance encountered in name systems was presented by
Koirtyohann and Pickett (5, 6). A Beckman total consumption
burner was used to spray sample and support an D,-H, name
contained horiwntally by along path absorption lube. A 1 'i'o
solution of sodium chloride was reported to give a spurious
signal as high as 0.6 absorbance unit.

Culver (4) has more recently discussed the relative con­
tribution to nonatomic absorbance of "smoke signals" caused
by solid carbon scattering centers present early in the time
variant atomization process when volatile elements such 8S

arsenic and mercury are determined directly by carbon rod
atomization of untreated biological samples. Culver and Surles
(3) have also studied a pronounced molecular component of
nanatomic absorption in carbon rod atomization due to
undissociated matrix species such as diatomic and triatomic
alkali and alkaline earth halides. These inorganic molecular
spectra persist during later stages of transient electrothermal
atomization (7) to interfere with the atomic spectra of many
less volatile elements that would normally appear resolved
in time from the earlier organic "smoke peak". This molecular
spectral component of nonatomic absorption was demon­
strated by Culver and Surles (3) to be as high as 0.6 absorbance
unit in a carbon rod analyzer for as little as 5 ~L of 0.1 %
sodium chloride matrix. More complex matrices can easily
drive the spurious absorbance much higher to a point where
correction schemes no longer function properly (2), especially
if the readout scale is expanded for maximum analyle sen­
sitivity.

A recent review by Zander (1) again presented the above
mentioned data of Culver (3) along with the earlier data of
Koirtyohann and Pickett (5) as a comparison of the relative
amount of nonatomic absorbance encountered in name (long
path total consumption) and nonname (electrothermal)
atomization techniques. Although the article presented a

I Present address: Department of Chemistry, Kansas State
University, Manhattan, Kansas 66506

correct and thorough review of nonatomic absorption effects
and correction techniques, no data were included for premixed
slot burner name systems.

To clarify the relative magnitude of nonatomic absorbance
encountered in atomization systems, the present investigation
deals with the characterization of molecular absorption spectra
in conventional premixed slot burner flame systems. Recent
development of a new high solids nebulizer has provided a
means of considerably increasing the sample handling ability
of atomic absorption spectrometry (8). Untreated samples
as complex as whole blood, tomato sauce, etc. may now be
directly atomized in the newly reported system (8). A further
purpose of the present paper is to outline the type and degree
of nonatomic absorption interference that results when such
complex samples are directly introduced into premixed flames.
Molecular spectra produced by a variety of untreated clinical,
environmental, and food matrices are presented in addition
to the spectra of individual undissociated inorganic salts.

EXPERIMENTAL
Apparatus. Studies with samples below 5% salt content were

carried out utilizing n Vnrian-Techtron Springvale, Vic., Australia)
AA-5 single beam atomic absorption spectrometer including the
standard Varian nebulizer with an added smaU volume sampling
cone similar to that of Manning (9). A lO·cm Varian air-acetylene
slot burner and Hewlett-Packard (Palo Alto, Calif.) model1750IA
strip chart recorder were used.

Studies on samples between 5% and 50% salt and solids
content were carried out utilizing n second single beam atomic
absorption spectrometer fitted with the now through, high solids
nebulizer recently developed for spectrochemical analysis by Fry
and Denton (8). This syslem included an Instrumentation
Laboratories (Lexington, Mass) "High Solids" 0.81 mm x 5 em
single slot nitrous oxide-acetylene burner head and a high solids
10-cm single slot air-acetylene burner head similar in design
(except for the wider 0.81 mm x 10 em "high solids" slot) to the
0.51 mm x 10 em slot air-acetylene Varian-Techtron burner head.
Varian-Techtron and Jarrell-Ash (Waltham, Mass.) H, continuum
and Cd (neon filled) hollow cathode lamps were utilized for all
measurements.

Procedure. The hollow cathode lamps were operated at 15
and 5 rnA, respectively, for H, and Cd. "Zero" and "100 %T'
were reset at each wavelength utilized in the H2 continuum for
point by point assessments of the molecular absorption spectrum
of each matrix studied. Spectral bandwidths of 0.6 nm were used.

To avoid burner slot clogging and gumming by the more
complex clinical, environmental, and food matrices, measurements
on these samples were made by the small volume cone method
of nebulizer sampling discussed by Sebastiani et a1. (10), Berndt
and Jackwerth (I Il, and Manning (9). Sample volumes of 0.2 and
1 mL were utilized for lbe standard premix nebulizer and the new
"high solids" systems, respectively. This procedure yields transient
recorder signals of concentration sensitivity and precision similiar
to that of the steady-state response normally encountered with
larger sampling volumes. AU other less complex samples were
aspirated until a normal steady·state response was perceived at
the readout.

RESULTS AND DISCUSSION
Premixed Molecular Flame Spectra of Polyatomic

Inorganic Species. Figure I presents the earlier reported
(I) review data (redrawn) of the molecular NaCI spectrum for

0003-2700179/0351-0266$01.00/0 © 1979 American Chemical Society
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long path total consumption; (c) 5% NaCI, premixed flame

WA ....ELENGTH I nm)

~, ~
'~~---

0.00

~ 0.03

4..
'"o
~..
4

0.05

salt content) in the -225O·C air-acetylene flame. CaCl, (mp
772 ·C, bp >1600 ·C) and NaCl (mp 801 ·C, bp 1413 ·C)
produce wavelength maxima at 225 and 234 nm, respectively,
which are in general agreement with the carbon rod analyzer
data of Culver and Surles (3) and the calculations (NaC)) of
Herzberg (J5). Molecular band absorbance by undissociated
matrix species therefore appears to predominate over scat­
tering in premixed name systems (as well as in total con·
sumption systems and carbon rod analyzers) as the major
cause of nanatomic absorbance when inorganic salts Bre
present in large amounts. The magnitude of observed spurious
absorbance in premixed flames is, however, actually ...... l50x
less (Figure I) than the "name" spectra given in the earlier
review (I).

Premixed Molecular Flame Spectra of Complex
Materials. Figure 3 gives the expanded scale molecular band
spectra of untreated seawater, urine, whole blood, evaporated
milk concentrate, and tomato sauce introduced directly (high
solids system) as aerosols into a 10-em premixed air-acetylene
name. It can be seen that samples (milk, blood, etc,) ap­
proaching 50'70 organic solids content give no measurable
spectrum above the noise level. In sharp contrast to the
electrothermal atomization case (4), organic species appear
readily degraded in the name producing no measurable
scattering or molecular spectra.

Only those samples with appreciable inorganic salt content
such as seawater and urine produced measurable spectra in
premixed names (although greatly reduced in comparison to
other atomizers). The spectra of urine and seawater of Figure
3 compare well with the NaCI spectrum of Figure 2. This is
as expected since NaCI is the principal dissolved salt (-1 '70
in seawater and -0.6'70 in urine) in these matrices. The
spectrum of KCI (3) is very similar to that of NaCI. The
presence of KCl in addition to NaCl in seawater accounts for
the slightly more pronounced absorbance seen in Figure 3 than
would normally occur if NaCI alone were present.

Concentration Dependence. Figure 4 demonstrates the
effect of species concentration on the molecular spectrum of
triatomic CaCl, in premixed air-acetylene names. A Beer's
law relationship between absorbance and concentration
appears to govern the system below a solution concentration
of 15'70 CaCI,. Nonlinearities observed at higher salt content
are most likely due to a shift in the droplet size produced by
the nebulizer accompanied by a change in transport efficiency
resulting in fewer droplets successfully emerging from the
premix chamber, This droplet size-salt content phenomena
has been discussed by Skogerboe (16, 17),

The high temperature environment and small sample
droplets encountered in premixed flame systems seem to

Figure 3. Expanded scale spectra of untreated complex materials In
premixed air-acetylene using high solids system. Who'e blood.
evaporated milk concentrate, and tomato sauce aU below noIs6 ."..",1
(0) Saawata" (D) urina; (-)noise limtt
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Figure 2. Expanded scale (lOX) molecular spectra in premixed air­
acetylene. 20% MgSO, below noise limtt at all wavelengths. (D) 5%
CaCI,; (0) 5% NaCI; (-)noise limit
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carbon rod analyzer (curve a) and name (curve b) atomization
(redrawn) along with the name (curve c) data observed in the
present studies. The large discrepancy in the two name curves
arises from gross differences in the method of sample in­
troduction. Curve b was generated on the "total consumption"
tubular system of Koirtyohann and Pickett (5). The median
aerosol droplet diameter introduced for such systems is re­
ported to be 28 /lm (12) whereas the median aerosol droplet
diameter introduced into premixed systems (Figure 1, curve
c) is reported to be 8.6 /lm (13). From a qualitative point of
view, it should be apparent that desolvation will be greatly
delayed (14) for the total consumption burner (considering
the larger starting droplet diameter and droplet volume) and
the tube temperature lower in comparison to the premixed
system. The entire atomization sequence including droplet
desolvation, salt crystal vaporization, and dissociation of
molecular matrix species in the gas phase cannot be expected
to be nearly as complete in the analytical viewing zone.
Additional droplets much larger (but normally rejected in a
premixed system) than the median would enhance the
presence of undissociated salt species even further when
viewed horizontally in a total consumption system. The
tubular total consumption system should therefore be ex­
pected to result in more pronounced molecular spectra. This
(as well as the 4X path length difference) appears to account
for the differences observed for the molecular spectra in the
two name systems. Figure 2 gives expanded scale molecular
spectra of CaCl" NaCI, and MgSO, in the premixed air­
acetylene name for the pl1tJlO6" of wavelength identification.
MgSO, decomposes above 1124 ·C which accounts for the
absence of any measurable molecular spectrum (even at 20'70
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Figure 4. Concentration dependence of triatomic CaCI2 absorbance
In premixed air-acetylene using high solids system. (0) 210 nm; 10)
230 nm; (lI) 250 nm; (0) 280 nm; (~) 320 nm

Table 1. Line: Background Ratio in Several Atomizers

NaCI
Cd line back-

(L), ground
atomic (ll),
absorb· absorb-

path, ancel ance/% (LIB)
atomizer em ppm NaCI ratio

premixed N)O-e]H) 5 0.06 0.00042 143.0
premixed air-C 2H} 10 0.30 0.0035 84.7
carbon rod (4) 1 147. 6.0 24.4
total consumption 40 3.5 0.6 5.8

system (6)

induce dissociation of those species that would othern'ise Kive
rise to molecular spectra to a !:Teater extent than cooler names
and electrothermal atomizers. This must however, ultimately
be judged in terms of the predominance of atomic spectra as
well. Table I therefore lists data perlaininK to the ratio
(Iine-to-background) of the atomic analyte (Cd) spectrum at
228.8 nm to the molecular matrix spectrum of sodium chloride.

The table demonstrates that, although electrothermal
atomization is analytically far more sensitive (owing to its
rapid rate of atomization, reduced internal volume, and reo
duced gas dilution of atomic vapor) as a sample introduction
technique than aerosol generation. it yields a lower line· to·
background ratio than the premixed name. It was also found
that all untreated naturally occurrinK samples (seawater, urine,
whole blood, milk. etc.) tested produced no measurahle
molecular spectra whatsoever in the "high solids" premixed
N,O-C,H, flame system. thereby minimizing the need for
correction schemes in those analyses of complex materials for
which the atomic absorption analyte sensitivity in this flame
is adequate.

CONCLUSIONS
Premixed flames exhibit molecular band spectra due to

undissociated inorganic polyatomic species; however, the
predominance of such 5pectra is approximately 150 times less
than the long path total consumption hurner name data
reported in a recent review (1). In sharp contrast to elee·
trothermal atomization, no scattering or molecular spectra due
to untreated orl!anic solids (even up to 50% solids content)
was detectable in new, high solids, premixed name systems
(8). The spectra due to inorKanic species are also greatly
reduced compared to those reported in long path total
consumption systems and electrothermal atomizotion.

The fact that abnormally high salt concentrations had to
be employed with a "hiKh solids" premixed system in these
studies in order to produce 8 molecular spectrum sufficiently
pronounced (above the noise limiU to study, indicates that
this interference is not nearly a'li serious for premixed flames
8S it is for other atomization techniques. Actual samples (even
thouKh complex) are generally of lower salt content and can
be directly analyzed by premixed name atomic absorption
spectrometry with small or negliKible levels of spectral in­
t.erference that (even if pronounced enough to require cor­
rect.ion) do not overwhelm the readout as would frequently
be the case with electrothermal techniques. These studies
have demonstrated t.hat molecular spectral interferences are
small. or only moderat.e in magnitude ("'0.2 A) for premixed
name systems. This holds true even when the sample
complexit.y is pushed to extremes, such as the direct atom­
ization of whole blood, tomato sauce, evaporated milk con­
centrat". 50% CaCl,. etc. in the new hiKh solids system de­
veloped by Fry and Denton (8).
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Gas Chromatographic-Mass Spectrometric Determination of
Etorphine with Stable Isotope Labeled Internal Standard

Satya P, Jindal,' Theresa Lutz, and Per Vestergaard

Rockland Research Institute, Orangeburg. New York, 10962

A quantftative gas chromatographlc-mass spectrometric assay
was developed for the determination of etorphlne In urine,
Etorphlne, on treatment with N,O-bls(trlmethylsllyl)trl.
f1uoroacetamlde forms two etorphlne Irlmethylsllyl
derlvatlves-etorphlne·TMS and etorphlne(TMS),. Experi­
mental conditions were developed for ...lectIve and quantftaUve
conversion of etorphlne to etorphlne-TMS, The assay utilizes
selected Ion focusing to monftor In a Gle effluent the molecular
Ion generated by electron Impact Ionization (EI) of etor­
phlne-TMS. Etorphlne·d, was synthesized and used as an
Internal standard. The assay can measure 2 ng/mL of the drug
with about 5 % precision. The methodology Is used lor fhe
urinary assay of etorphlne of a rabbit given a single subcu­
faneous dose (1 1'9/kg) of the drug.

Etorphine, a 6,14-endoetheno-tetrahydrothebaine derivative
is an analgesic of unprecedented high pot"ncy (I -3). When
given subcutaneously, etorphineis 1000 to 80000 times as
potent as morphine (4) and is characterized by its rapid onset
and short duration of action. Its ability to cause catatonia
at very low dose levels has resulted in its use for the im­
mobilization of game animals (5). The fact that it works
sublingually and has ahuse potential (6) raises the possihility
that it may become a future threat in the drug abuse field.

The low dose levels at which etorphine is used (I Ilg/kg)
demands a sensitive measurement technique for its deter­
minations in biological nuids. Etorphine could not he detected
in urine with commonly available methodology including
gas-liquid chromatography after the administration of highly
euphoronigenic doses in man {7}. Recently, in a preliminary
communication (8) we reported a mass spectrometric assay
of etorphine in urine using commercially availahle tritiated
etorphine as an internal standard. The internal standard was
a complex mixture of nontritiated, monotritiated, and di·
tritiated etorphine; consequently, the assay precision, par­
ticularly at low levels of etorphine, was unsatisfactory. This
paper reports a mass fragmentographic assay of etorphine in
urine using stable isotope-labeled etorphine as an internal
standard. Selective ion monitoring, the technique built on
comhined gas chromatography-mass spectrometry (9, 10) was
used to develop a very ."nsitive and specific assay of etorphine
in urine utilizing site specific deuterium-Iaheled etorphine as
an internal standard. The methodology was used to study
the urinary excretion of free etorphine in rabhits after a single
subcutaneous dose.

EXPERIMENTAL

Materials, Analytical grade elorphine, N-aesmethyl elorphine
(Reckitt and Colman Pharmaceutical Division, Hull, UK); methyl
iodide-dJ • isotopic purity 99%, (International Chemical and
Nuclear Corp., Irvine, CaliL); N,O-bis(dimethylsilyl)acetamide
(BDSA), Applied Science Laboratories, State College, Pa.);
N,O-bis(trimethylsilyl)trinuoroacetamide (BSTFA, Pierce
Chemical Co., Rockford, ilL) were used without further purifi·
cation. All solvents used were of ACS analytical grade (Pfahz
and Bauer, Flushing, N.Y.), ailanized tubes with screw caps lined

with Tenon (Kimble, Owens, Chicago, ilL) were used for ex­
traction. Urine samples were processed as soon as obtained.

Synthesis of Etorphine-d, (N-Methyl-d,). Etorphine·d,
was synthesized by treatment of N-desmethyl etorphine with
methyl iodidc·dJ using an established procedure for alkylation
of secondary amines (II). The labeled compound gave satisfactory
mass spectral (electron impact ionization, El) characteristics. A
selected ion detection analysis of etorphine-dJ showed the presence
of an ion equivalent to 98.7% ::I:: 0.15% (n = 6) etorphine-d3 and
an ion equivalent to 1.1 % ::I:: 0.15% (n = 6) etorphine.

Animals. All animals used in this work were male, New
Zealand white rabbits.

Extraction of Etorphinc from Urine. To 1 mL of urine was
added an appropriate amount of elorphine-d, (typically 28 ng/mL)
a5 an internal standard. The urine was adjusted to pH 9 with
t N NH..OH and extracted twice with 6 mL protions of N-bu­
tylchloride. The organic fractions were combined, 1 mL 0.1 N
HCI was added to it. and the solution was shaken for 15 min and
centrifuged. The organic layer was discarded. the aqueous phase
was adjusted to pH 9 with I N NH,OH and extracted twice with
3 mL portions of N·butylchloride. The organic fractions were
combined, dried with sodium sulfate, filtered, and the solvent was
evaporated at 50 °C under a gentle stream of nitrogen. Recovery
of ctorphine, added to control urine, was studied at the:; ng/mL
level.

Formation of Derivatives. Etorphine has two hydroxyl
functions; either both of these or at least one of these must be
selectively nnd quantitntively derivotized for the molecule to have
good GLC characteristics. Similar compounds (12), on treatment
with BSTFA, are known to give a complex mixture of derivatives.
Multiderh'atization in the area of biopharmaceutical analyses is
n serious problpm, which could adversely affect the sensitivity
and possibly specificity of the mass spectrometric assay. Con·
sequently experimental conditions were worked out for the
quantitative preparation of etorphine·TMS·1 and etorphine.
(TMS),-2 from etorphine.

Etorphine-TMS-l. Etorphine (100 ng) was taken in a
Heacti-Vial, to this was added 150 ilL of BSTFA. The mixture
was heated at 60 'C for I h. After this period, the aolution was
cooled to room temperature, excess reagent was removed at 40
°C under a gentle stream of N\!, the residue was reconstituted in
10 jJL of benzene; an aliquot of this solution was injected into the
GLC-mass spectrometer. The total ion current trace showed the
material to be homogenous on two different columns (1.5% OV·1
and 1% OV-17) and its mass spectrum (Figure I) is in agreement
with the structure.

Etorphine-(TMS),-2. Etorphine (100 ng) was taken in a
Heacti-Vial, to this was added 50 ilL of pyridine and 150 ilL of
BSTFA. The material was heated at 120 ·C for 2 h. After thia
period. the reagents were removed at 40 °C under a gentle stream
of N~; the residue was reconstituted in 10 jJL of benzene. An
aliquot. of this solution was injected into the GLC·mass spec·
trometer. Again the material was found to be homogenous on
two different columns and its mass spectrum (Figure 2) confirms
the structure.

Instrumcntation. Moss spectrometry was done using an LKB
9000 GC-MS system (9, 10) equipped with the multiple ion
detector/peak matcher accessory (MID/PM). Gas chromatog·
raphy was performed on a l.8-m glass column (2'1010 i.d.) packed
with 1.5% OV-I on gas chrom Q 100-200 mesh. The column
temperature was maintained at 225 'C, nash heater at 235 ·C,
separator at 240 'C and the ion source at 250 'C. The accelerating
voltage was 3.5 kV in the scan mode and 3.0 kV in the MID mode,
the ionization potential was 70 eV. and the trap current was set

0003-2700/79/035t-0269$Ol.00/0 © 1979 American Chemical Society
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Scheme J. Proposed Fragmentation Mechanism for
Electron Impact Ionization of Etorphine·TMS

Flgure 3. Mass spectrum of etorphlne·d3- TMS

the spectrum of etorphine-dimethylsilyl ether.
GC-MS-SIM Quantitation. The ion at mle 483 is specific

for etrophine-TMS (mle 486 for etorphine-d,-TMS), is a
convenient working mass for 81M assay and is not observed
in the electron impact ionization spectra of other opiates (18,
/9) and known metabolites of etorphine (20). Consequently,
urinary etorphine extract along with the labeled etorphine-d,
was treated with BSTFA at. 60 ·C, excess reagents were
evaporated, an aliquot of the reconstituted solution was
injected into the GLC·mass spectrometer; etorphine was
quantitated by measuring the ion intensities at mle 483 and
486, respectively. Control urine samples subjected to the
described procedure for etorphine analysis showed no sig­
nificant background ions at mle 483 and 486. Known amounts
of etorphine along with their isotopic analogue in "fixed"
amount were added to control urine and processed as de­
scribed above. A plot of ion intensity ratio (mle 483/486) vs.
the amount of etorphine per fixed amount of etorphine·d"
was linear with a slope of 0.98 ± 0.02 and an intercept of 0.04
± 0.02 ng. These data affirm a simple linear relationship
between the appropriate ion intensity ratio. and the con·
centration of etorphine and exclude any isotopic exchange or
any significant kinetic isotope effect in the fragmentation
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F~ur. 1. Mass spectrum of etorphine-TMS

Figure 2. Mass spectrum of etorphlne-(TMSh

at 60 JlA. The magnetic field was kept constant by focusing: the
background ion (column bleed) at mle 429 and the uddition"1
voltages were 108 V and 89 V for mcasurin~ the ion intensities
at mle 483 and 486, respectively.

RESULTS AND DISCUSSION

The mass spectrum of etorphine-TMS-I (Figure I) shows
a molecular ion at mle 48.1, a base peak at mle 272 and other
major peaks at mI e 354 and 396, respectively. A priori, one
would expect some localization of charge on nitrogen atom
in the molecular ion, to be followed by cleavage at the three
carbon-carbon bonds fJ to the nitrogen atom (lJ, /4) leading
to radical ions a, b, and c shO\\11 in Scheme I. The ions band
c with radical sites at bridge head and at primary C·13, re­
spectively, are rather unstable; consequently they are expected
to be of minor importance. The ion a, resulting from the
cleavage of the C,-C IO bond, is a ben2ylic radical and must
be of major importance in the electron impact fragmentation
of the molecule. The ion a, probably, is in equilibrium with
ion d, an isomeric benzylic radical ion, arising by H·transrer
from C-16 to C-1O followed by C13-C,. bond cleavage. This
kind of H-atom migration is stereochemically feasible and has
been well documented in electron impact ionization of
morphine and similar compounds (14-/6). The intense
molecular ion peak at mle 483 must be attributed to the great
stability of these ben2ylic radical ions. Reasonable mechanism
for the fragmentation pattern (16, 17) is proposed in Scheme
I. To assist in the interpretation of the spectrum, frag­
mentation of several analogous etorphine deri\'atives was
examined. The peak at mI e 396 in the spectrum of etor­
phine-TMS, resulting from the loss of stable tertiary radical
(CH,-C(OH)-e,H7), as expected, is shifted to higher mass by
3 amu in the spectrum of etorphine-d,-TMS (Figure 3); to
lower mass by 14 amu in the spectrum of etorphine-di­
methylsilyl ether (not 6hown here) and appears at the same
mle value in the spectrum of etorphine-(TMS), (Figure 2).
Again, in agreement, with the proposed fragmentation, the
ions at mle 354, 272 in the spectrum of etorphinc-TMS are
shifted to higher mass by 4 amu in the spectrum of ditritiated
etorphine-TMS«(l5,16-'H)8) and to lower mass by 14 amu in



Figure 4. Selective Ion chromatograms for etorphine-TMS ((-) m/e
483 and etO<phlne-ct,-TMS (---) m/e486) obtained ~om 4-nt. alquots
of selected samples of rabbit lIine and processed 85 descri>ed above.
Part A, lkine at 1.25 h after the dose, 5 ng at etorphine-d3 (---) was
added as internal standard. Etorphine foood was 5.3 ng. Part e, Ume
at 3 h after the dose, 20 n9 of etorphine-d3 (._.) was added as Internal
standard and etorphine found was 42 ng. Part C. Urine at 5 h after
the dose, 20 ng of etorphlne-d3 (•••) was added as internal standard
and etorphine found was 21.6 ng. Part D. Urine at 52 h after the dose.
S ng of etorphine--d3 (---) was added as internal standard and Btorphlne
found was 2.96 ng

process. Six control urine samples containing 5 ngjmL of
etorphine were analyzed by the above method using 5 ngjmL
of etorphine-dJ as internal standards. The results for these
samples were 4.8 ± 0.25 ngjmL of etorphine. Another set of
six control urine samples containing- 5 ng/mL of elorphine
were processed as above, this time the internal standard
etorphine-dJ, 5 ngjmL was added in each sample after the
extraction. The recoveries for these samples, based on
comparison of the ion intensity ratios of the two sets were 68
± 12%. The wide range of recoveries observed is expected
in the field of trace analysis and is attributed to variable
glassware and GLC column adsorption. The assay of etor­
phine. presented here, is sensitive, specific, and, with minor
changes, is applicable to other body Ouids and tissues. The
sensitivity of the assay, being a function of extraction effi·
ciencies, GLC column conditions, and the ion source, cannot
be quoted in absolute terms. With near-zero leak current in
the ion source, clean and freshly silanized GLC column,
glassware, and better than 60% recoveries, an assay sensitivity
of approximately 2 ngjmL is possible.

A number of experiments were performed on rabbits to
determine urinary excretion after the subcutaneous admin·
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istration of varying doses of etorphine. In a typical experi­
ment, a 6-kg rabbit was given a single subcutaneoua dose of
5 ~g of etorphine hydrochloride in water. Urine was coll~
by catheterization periodically at 2-h intervals for 7 h after
the dose was given. The last sample was collected 52 h after
the administration. Appropriate amounts of urine aamples
were taken and processed as described. Selected ion chro­
matograms (Figure 4) obtained from urine samples are clean
symmetrical peaks and the amounts of endogenoua etorphine
were calculated from the ratio of ion intensities at mje 483
and 486, respectively. The cumulative urinary excretion of
intact drug, indicating the half-life of excretion to be ap­
proximately 5 h, corroboratas its reportad pharmacological
activity of short duration. Furthermore, the animal excretes
less than 20% of the drug in its native form, evidently pointing
to its extensive metabolism and or conjugation to biologically
inactive conjugates.
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Hydroxyl Ion Negative Chemical Ionization Mass Spectra of
Steroids

T. A. Roy and F. H. Field'

1hB Rocke/eller Unlverslfy, New York, New York 10021

Yong Yeng Lin and Leland L. Smith

The University of Texas Medical Branch, Galveston, Texas 77550

The OW negative chemical Ionization spectra of 3S steroids
have been Investigated. Spectra are dependent upon the
nature, number, and proximity of the functional groups In the
several compounds. The predominant reaction observed Is
proton abstraction, and (M - 1)- Is found lor all but two
compounds. Other reactions Involve nucleophilic allack by
OW on the sample molecule and nucleophilic allack by (M
- 1)- on N,O. These processes are frequently accompanied
by foss of H, and H,O, which sometimes aids In determining
the nature and environment of subsllluents In the compounds.
The amount of the fragmentation of the molecules Is relallvely
small. The overall sensitivity of the method Is somewhat
greater than that for CH, posltlve chemical Ionization with the
group of steroids Investigated.

In this paper we report on the mass spectral behavior of
35 steroids under OW negative chemical ionization (NCI)
conditions, Smit and Field (I) have described the formation
of OH- by the electron bombardment of a mixture of N,O and
CH, and the use of OW as a reactant ion in NCI. Their study
showed that reaction of OH- with a variety of organic com­
pounds was quite mild, and, in most cases, abundant (M ­
1)- ions were formed. We refer the reader to their report (I)
for a detailed discussion on the formation of OH- and a brief
review of negative ion publieations.

The present investigation has attempted to provide in­
formation on OH- negative ion spectra which might serve as
the basis of an analytical method for an important group of
biomolecules. The ammonia, methane, and isobutane positive
chemical ionization (PCI) spectra of a similar group of steroids
have been determined by Lin and Smith (2).

EXPERIMENTAL
The steroids examined were commercial samples from Ster·

aloids Inc., Wilton, N.H., or Research Plus Steroid Laboratories,
Inc., Denville, N.J., or were prepared in our laboratories. All
samples were analyzed by thin-layer and gas chromatography and,
in some instances, by high pressure liquid chromatography.

Mass spectra were obtained with a Biospect mass spectrometer
manufactured by Scientific Research Instrument Corp., Baltimore,
Md. The instrument was modified for negative ion detection using
the negative ion detection system developed by Smit, Rosseto t

and Field (3). All 88mples (1-2 #g) were introduced by means
of the direct insertion probe. The spectra were recorded on an
Infotronics Corp. (Houston, Tex.) CRS 160 moss spectrometer
digital readout system. Ionization of the reaction mixture was
effected by electrons emitted from a rhenium filament. The
electron accelerating voltage was adjusted to give maximum ion
intensity, generally about 450 V in the OW NCI experiments llnd
about 250 V in some CH, PCI experiments. The aource pressure
was maintained at 3.0 Torr (2/1 mixture ofCH,/N,O) in the OH­
NCI experiments and 1.0 Torr in the CH. PCI experiments. The
source temperature was maintained at 200 °C in all experiments.
The reader is referred to the study of Smit and Field (I) for a

detailed description of the effects of temperature, pressure, and
reactant gas ratio on the reactant ion spectrum.

RESULTS
General Reactions. We will first discuss the general

characteristics of the spectra and later turn our attention to
a more detailed discussion of individual spectra. Table I lists
the spectra obtained for 30 of the steroids investigated. The
spectra of the five cholesteryl esters studied are given in Table
II. As is well known, the nature of the tuning of a quadrupole
mass spectrometer markedly affects the discrimination
properties of the instrument. As best we could determine,
the spectra of the L'Ompounds in Table I were obtained under
non-moss discriminating conditions, which are relatively easy
to achieve because the spectra do not span a wide mass range.
The spectra of the compounds in Table II do span a large moss
range, and for these the instrument was tuned so as not to
discriminate against the high mass ions and perhaps to
emphasize them somewhat.

The predominant reaction for all these compounds is proton
abstraction to form the (M - I)- ion. We assume this ab­
straction involves hydrogens attached to or adjacent to groups
or atoms which lend some degree of stability to the resulting
onion, e.g., oxygen, carbon-carhon double bonds, etc. The
relative intensity ofthe (M - 1)- ion varies from 100% in the
spectrum of the saturated ketone, 5a-cholestan-3-one (4) to
0% in the spectra of cholesteryl benzoate (32) and 5a-cho­
lestane (I). The numbers in parentheses following the names
of the steroids refer to the numbers identifying the compounds
in Tables I and II. Following the initial reference to a
compound, we will normally refer to it by its assigned number
only.

An (M - 3)' ion is observed in the spectra of a number of
the compounds, particularly those containing the hydroxyl
group or the carbon-carbon double bond. We postulate that
the formation of this ion involves loss of H2 following initial
proton abstraction. In the case of alcohols, this can produce
a resonance stabilized enolate ion. Thus, in 5cr-cholestan-3tl-ol
(12), for example,

-oro ~_)J5' .---./xr (1)

Obviously, loss of H, can occur across the 2,3 C-C bond also.
The presence of the (M - 3>- ion in a1kenes, dienes, etc., also
probably involves loss of H, from on initially formed (M - I)'
ion. Abstraction of an allylic hydrogen can generate an aIlylic
corban ion as (M - 1)-, and subsequent loss of H, serves to
lower the energy of the ion by extending the conjugated system
and further delocalizing the negative change. Thus, in
cholest-5-ene (2), for example,

(2)

An (M - 5>- ion is also sometimes observed with these types

0003-2700179/0351-0272$01.00/0 © 1979 American Chemical Society
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TableU. OR- NCI Spectra" o( Several Choleateryl Eaters (XOOCR)b
mass and relative intensities m/e (RI)

(XO- (XO-
(RCOO- (XO- H,O- H,O-

no. compound mol. wt. (M- 1)" (RCOO)- H,O)- H,O)" H,)" 2H,)"

31 cholesteryl 428 427(53) 59(37) 367(5) 365(5)
acetate

32 choJesteryl 490 121(100)
benzoate

33 cholesteryl 624 623(39) 255(47) 365(4) 363(3)
palmitate

34 cholesteryl 650 649(63) 281(28) 263(4) 367(5)
oleate

35 cholclteryl 652 651(53) 283(39) 265(3) 367(5)
stearate

a Same conditions 85 in Table J. b X:: cholesteryl group (CllH.,).

Assuming the same initial point of attochment of N,O, we
tentatively suggest the following mechanism for the elimi­
nation of N, from the (M + 43)- ion

The (M + 43)' ion is found in the spectra of the saturated
monoalcohols and some of the carbon-carbon unsaturated
steroids. The (M + 25)' and (M + 15)' ions are only found
in the spectra of the compounds containing carbon-carbon
unsaturation, The (M - 1)- nucleophile is presumably the
alkoxide ion in the case of the saturated monoalcohols and
the allylic carbanion in the case of the carbon-carbon double
bond containing compounds. The (M + 43)' and (M + 25)'
ions have been reported by Smit and Field (1), who proposed
that the ions represented the species (M - H + N,O)- and (M
- H + N,O - H,O)-, respectively. A recent study (4) has
indicated that reaction of N20 with various organic ions in
a nowing afterglow system may be characterized as addition
of N,O followed by loss of H,O, N" or CH,O. We suggest that
the (M + IS)' observed in the present study represents the
species (M - H + N,O - N,)'. The mechanism proposed (1)
to explain the loss of H,O from the (M + 43)' ion was based
on initial nucleophilic ettack of the (M - I)' ion at the central
atom of N,O. Both of the principal resonance structures of
N,O assign a positive charge to the central atom, and this
would seem a logical point of attachment. However, work by
Dawson and Nibbering (5) using labeled N,O indicates that
attachment actually takes place at the terminal nitrogen, at
least when CH,=C-· is the nucleophile. Revising the
mechanism for elimination of H,O from (M - H + N,O)' is
not complicated when this point of attachment is used. The
(M + 43)' ion formed with a simple alkene can lose water and
cyclize to form a pyrazole anion

(6)

.
N Iii N - 0- ---+

R R

k~k (3)

An (M - 21)- ion is often observed in the spectra of the alcohols
as well, and we presume that this represents the loss of both
H, and H,O from the (M - 1)- ion in such a way as to lower
the energy of the system. The (M - 37)' ion observed in the
spectra of all the diols and two triols in Table I doubtless
results from the loss of a second water molecule. The energy
and intensity of this ion may be related to the position of the
hydroxyl groups in the molecule. Generally, where elimination
of a second molecule of water will serve to lower the energy
of an ion by increasing resonance (electron delocalization) we
observe relatively large (M - 37)- ions. Specific examples of
these observations will be discussed later.

Another general type of reaction observed between the OH­
ion and the cholesteryl esters, specifically, appears to involve
nucleophilic attack by OH-. The major pathway for nu­
cleophilic attack by OH- involves cholesteryl-oxygen bond
cleavage. This results in the formation of the conjugated base
of the acid moiety

of compounds, and the ion is almost surely formed by the same
kind of H, loss process as is involved in (M - 3)- ion formation.

An (M - 19)" ion is observed, to some degree, for all 22
steroids in Table I which contain at least one hydroxyl group.
We believe that this ion is formed by the elimination of the
elements of water following the initial proton abstraction. In
those cases where the (M - 1)- is the alkoxide, a resonance
stabilized allylic anion can be formed, and we suggest as an
illustrative possibility

R~-O-R'+ OH- ~ Rg-O- + HOR' (4)

This is a departure from condensed phase chemistry where
nucleophilic attack by OH- occurs at the carbonyl carbon of
the ester, which results in acyl-oxygen bond cleavage.

(5) . -
NliiH-O

The relative intensity of this group of ions, which we shall
generally refer to as the (M + n)' ions, is believed (1) to be
related to the energy of the (M - 1)- ions. We observe that
the introduction of additional functional groups or elements
into compounds containing carbon-carbon unsaturation
greatly reduces the intensity of the (M + n)- ions. We at­
tribute this to a lowering of the energies of the (M - 1)- ions

Small ions (reI int ;0 5%) are observed in the spectra of the
cholesteryl esters at mle 367 and 365 and are presumably
derived via water loes from the cholest-5-enoxide ion which
would be the result of conventional OH- attack at the carbonyl
carbon of the ester. These observations with the cholesteryl
esters are in accord with the findings on esters in Smit and
Field's study (I).

Still another reaction type observed is that involved in the
(ormation of the ions (M + 43)', (M + 25)', and (M + 15)'.
This reaction appears to be a nucleophilic attack of an (M ­
It ion, produced from the sample, on the N,O reactant gas.

-HZ-. (7)
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(8)

(9)

can occur.

~ _(10)
VUllol-ltl

In both the (M - 19)' and (M - 21)' ions, extensive resonance

The hydrogens at the C, position will be activated by both
functional groups, and the anion resulting from the removal
of a proton from this position may well be of lower energy than
the (M - 1)" ion in saturated alcohols. The intense (M - 3)"
ion in the spectrum of the alcohol (15) may represent loss of
H, from the alkoxide ion to produce a rC8<lnance stabilized
enolate ion analogous to that in reaction 1. Of course, the H,
loss will not occur across the 3-4 bond in (15), but loss aCl'Oll8
the 2-3 bond is possible and would serve the function of
lowering the energy of the ion. However, it is difficult to
envision loss of H,O from this species to give the observed
(M - 21)' ion (rei int 22%). Neither is it ellllY to envision the
production of (M - 21)" ion by loss of H,O followed by loss
of H, or for these entities to be lost simultaneously. Here aIsn
we suggest that a substantial amount of the (M - 1)- ion
formed may be the allylic carbanion and not the a1koxide ion.
With this hypothesis we can ellllily account for the observed
ions, e.g.,

o5 'HO c&-!..... I
HO ...:; _ 1"'-11- h _ 1101-191-

&-H'~ '" 09 -H 0
I - ,

HO ~ _ lloI-~HO ..-;..-; ..--

group. The two groups are sufficiently isolated so 1Ill to
minimize interaction between the two. Thus, we might expect
the spectrum of (10) to reflect the influence of both groups
on the ionization of the molecule. Here, the (M - I)- ion is
dominant (rei int 90%); the (M - 19)' ion accounts for the
remaining ionization observed. The complete absence of H,
loss or N,O association and the small amount of H,O loss
implies that only a small fraction of the (M - I)' ion can be
attributed to proton abstraction from oxygen. Such results
suggest that, in the gas phase, the hydrogens a to the carbonyl
group are more acidic than the hydroxyl hydrogen in a1rohols.
This would represent a departure from condensed phlllle
chemistry where the acidity of serondary a1rohols such as (12)
and (13) is generally found to be 10-100 times greater than
the acidity of aliphatic ketones (6).

We note here that the general features of the spectra of
alcohols (12) and (13) are characteristic of the a1rohols in Table
I. These two particular alcohols are configurational isomers,
and the differences in their spectra are too subtle to allow a
clear distinction between the two. This is aIsn the ClIlle for
two other pairs of configurational isomers «17 and 18) and
(21 and 22)) in Table I. A fourth pair of configurational
isomers, the epoxides (26) and (27), display significantly
different spectra and will be discussed later.

Cholest-5-en-3/1-01 (14) (cholesterol) and cholest-4-en-3/1-<>1
(15) are positional isomers. The spectrum of (14) displays a
si7.able (M - I)' ion (rei int ~ 70%) and also ions associated
with loss of H,O and reaction with N,O. The isomer (15)
displays very little (M - 1)', an intense (M - 3)" (rei int ~
50%), and ions associated with the loss of H,O amounting to
35% of the total ionization. No measurable (M + n)" intensity
is observed in the spectrum of (15). The (M -I)' ion in (14)
is somewhat greater in intensity than the (M - I)- (reI int ~
50%) ion in the saturated alcohols (12 and 13). This difference
may be experimentally significant, and we make the tentative
hypothesis that a substantial amount of the (M - 1)" ion in
the spectrum of (14) may in fact be an allylic anion and not
the alkoxide ion, i.e.,

by the presence of the substituents.
OB' NCI Spectra of Individual Steroids. 5a,Cholestane

(I) is the only saturated hydrocarbon steroid included in this
study. and it was not expected to show much reactivity since
it was previously found (1) that alkanes did not react with
OH'. A comparison of the total ion current attributed to the
sample for 5a-cholestane and for several monofunctional
compounds (the monoketone (4), the monoalcohol (13) and
the alkene (2)) revealed that 5a-cholestane was some 1/..,_1/00
as reactive as the functionalized compounds. The ions in the
spectrum of (I) present a pattern similar to that observed in
the spectrum of cholest-5-ene (2), and they may result from
thermal dehydrogenation of (I) in the source followed by
ionization as described below for (2).

Cholest-5-ene (2) and cholesta-3,5-diene (3) arc the only
unsaturated hydrocarbons included in Table I. The (M - 1)­
in the monoolefin (2) is quite weak; most of the ionization
observed involves loss of hydrogen from (M - 1)' or reaction
of (M - 1)" with N,O. As discussed in the previous section,
we infer that the initial (M - 1)" in monoolefins like (2) is of
high energy and reacts further to form a lower energy ion. By
contrast, the introduction of a second double bond in con~

jugation with the first as in the diene (3) apparently allows
for the formation of a low energy (M - 1)- ion, which does not
appreciably react further (rei int = 70%). A significant
amount of hydrogen loss is observed in both (2) and (3), but
the relative intensity of the (M + nl" ions in (3) is just 3%
as compared to a value of nearly 50% in (2). The higher t"tal
reactivity in (2) reflects the higher energy of the (M - 1)- ion
in (2).

(M + n)" ions arc also found in the spectrum of 5,,­
cholest-7-en-3-one (6) but not in the spectrum of a positional
isomer, eholest-4-en-3-one (5). The two functional groups in
the enone (6) are not in conjugation, and the spectrum
contains ions that can be associated with each of the groups.
Thus the spectrum displays an intense (M - 1)" ion (rei int
~ 71 %) typical of a saturated monoketone (e.g., 5a-cho­
lestan-3-one (4)) and (M + n)- ions (rei int ~ 12%) such as
those ohserved with the alkene (2). On the other hand, the
carbonyl and carbon-carbon double bond in the enone (5) are
conjugated and the spectrum is dominated by the (M - 1)­
ion (rei int ~ 90%) and completely devoid of (M + n)" ions.
Here again we suggest that the lack of (M + n)" ions in (5)
is related to the relatively low energy of the (M - 1)" in that
the removal of an allylic hydrogen produces a highly con­
jugated anion. Thus,

rY0 'H,O rY0
~ + OH--~

O;1~H H.-/ ~

Cholest-3,5-<lien·7-<>ne (7) and cholest-4-en-3,6-dione (8) are
both highly conjugated, and the spectra display intense (M
- I)" ions and small or zero intensities of (M + n)' ions. The
spectra are analogous to those of the a,/I-unsaturated ketone
(5).

The spectra of several of the steroids are of interest since
they may provide information on the relative acidity of the
hydrogens associated with the carbonyl and the hydroxyl
group. We noted above that the spectrum of the saturated
ketone (4) displays only one ion, the (M - I)'. On the other
hand, spectra of the saturated alcohols, 5a-cholestan-3/1-01 (12)
and 5/1-cholestan-3a-ol (13) show (M - I)' ions of only about
50% relative intensity, with ions representing loss of H, and
H,O and association with N,O accounting for the remainder
of the ionization. These results suggest that the (M - 1)" ion
associated with the ketone is of lower energy than the (M ­
I)' ion in the alcohols. 3/1-Hydroxy-5a-cholestan-6-one (10)
is a compound containing both the carbonyl and hydroxyl



(13)

(12)

We observe fairly intense (M - 37)' ions with these three
alcohols, which we attribute to the stability of the conjugated
systems in the ions.

This view is reinforced when one ohserves the spectra of
the six ene-diols (20)-(25). Cholest-S-ene-3/l.4Ii-diol (20) is
a vicinal diol and its spectrum displays an intense (M - 19)'
(rei int 73%) ion and no measurable (M - 37)- ion. We suggest
the following scheme for the formation of (M - 19)' ions

(15)" W+OH· -1I0~/ "o~,

The ene-diols, (205)-cholest-5-ene-3Ii,20-diol (23), (245)­
cholest-5-ene-31l,24-diol (24), and cholest-5-ene-3li,25-diol (25),
have the two hydroxyl groups in the molecule far removed
from one another. Loss of a second molecule of water from
these compounds would not be expected to lower the energy
of the ion particularly, and thus we observe relatively weak
(M - 37t ions in their spectra (-10% rei int).

The two epoxides, 5,6a-epoxy-5a-cholestan-31i-ol (26) and
5,6/l·epoxy-Stl-cholestan-31i-ol (27) are the only pair of con­
figurationsl isomers studied whose spectra reveal any sig­
nificant difference.', The trans-fused epoxide (26) displays an
(M - I) ion which is of significantly greater intensity than
the (M - I) ion observed in the cis-fused isomer (27). We
offer no rationale for this apparent difference, which was
consistent over many replicate measurements. One might
expect that OH' would attack the epoxide ring as a nucleophile
and open the ring; however, no (M + 17)' ion, which would
result from such an attack, is observed in the spectrum of
either epoxide. However, the spectra of the epoxides show
significantly higher (M - 19t intensities than those of the
alcohols (12) and (13), which differ in structure from the
epoxides only by the lack of the epoxide group, and we think
that the epoxide ring is involved, to some extent, in the
ionization of the molecule. We suggest the following
mechanism whereby an (M • I)' ion could be formed by a
bimolecular elimination process involving OH- attack on the
C, hydrogen

Loss of H20 from this ion would extend the conjugation and
account for the prominent (M - 19)' ions observed for both
epoxides.

Two triols were included in the study, and their spectra
show quite different patterns. (20Rj-Cholest-5-ene-31i,­
20,21-triol (29) is structurally analogous to cholesterol (14)
differing only by the addition of vicinal hydroxyl groups in
the C" side-chain. It is apparent from a comparison of the
spectra of these two compounds that these exocyclic hydroxyls
have a substantial effect on the ionization of the triol.
Compound (29) shows a lower (M - 1)- intensity and a higher
(M - 19)' intensity than (14). It seems clear that a significant
fraction of the (M - 1)' ions in (29) are exocyclic alkoxide ions,
and some of these lose water to produce allylic alkoxide ions.
We point out that the intense (M - 19)' ion (rei int >SO%)
in the spectrum of (29) is reminiscent of the (M - 19)' ion (reI
int >70%) in the vicinal diol (20) (see reaction 14). 5a­
Cholestane-31i,S,61i-triol (aO) is structurally analogous to
Scr-eholestan-31i-ol (12) and 5a-cholestan-31i,S-diol (17), and
its spectrum contains ions found in both these analogues. A
sizable (M - 3)- ion (rei int ~ 20%) is observed in the
spectrum of (30), which is comparable to that observed for
the monoalcohol (12). This ion presumably represents the
loss of H, from an alkoxide (see reaction I). In addition, the
spectrum of (30) contains ions at (M - 19)' and (M - 37)'
comparable to those seen in the spectrum of the 3,5-diol (17).
In both instances, loss of water could be expected to stabilize
the ion by resonance. The loss of a third hydroxyl from the
triol (30) could produce a highly conjugated system, and we
observe a small (M - 55)' ion (rei int ~ 10%) in the spectrum.
This ion is not found in the spectrum of the triol (29); for­
mation of such an ion in (29) would require an allene structure
and would offer no stabilization due to resonance.

The spectrum of 31i-hydroxy-5a-cholest-6-ene-S-hydro­
peroxide (28) is rather complex and not readily interpreted.
Although an (M - I)' ion is observed, its intensity is quite
weak. The ion may originate from proton abstraction at the

(11)

HOW ~05 ~ 05..",''0 _
0. IM·1')1-

HOW ~05? ~ oS.-",HO ~-
0- 1104·191-
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Cholest--4,6-dien-31l-01 (16) is similar to (15), having an
additional carbon-carbon double bond in conjugation with
the 4-ene-3-01 system. The spectrum of (16) displays an
intense (M - 19t (rei int 77%). As was seen for (15), it is
difficult to envision 1088 of H20 from the alkoxide ion or
enolate ion (alkoxide-H,) produced from this type of allylic
alcohol. On the other hand, the (M - 19t ion can be formed
directly from the allylic carbanion by 1088 of H20.

09'~~"'''' ~-
"0

It is interesting to note that this ion is identical to the (M ­
3)' ion in the diene (3) discussed earlier. The (M - 3t ion
in the diene (3) is presumably formed by loss of H, from (M
- It, whereas the (M - 19)' ion in the diene-ol (16) apparently
results from loss of H20 from the (M - 1)' ion. A comparison
of their relative intensities, 27% and 77%, respectively, may
be indicative of the relative ease of removal of H2 and H20
under these experimental conditions.

The spectra of Sa-cholestane-3IJ,S-diol (17), 5IJ·choles­
tane-3Il,5-diol (18), and 5a-cholestane-31J,61i-diol (19) all
display prominent (M - 1)' ions (rei int 60%). Essentially
all the remaining ionization can be attributed to the (M - 19)
and (M - 37)' ions, which are of about equal intensity. It was
suggested earlier that the intensity of the (M - 37)- ion may
be related to the position of the hydroxyl groups in diols such
as (17)-(19). These three are saturated diols, and it may be
assumed that the (M - 1)- ion is the alkoxide. It can be seen
that elimination of the second molecule of water will serve
to increase the resonance in the ion and further dc10calize the
charge

The position of the hydroxyl groups in (20) make it difficult
to envision a mechanism for the loss of a second H20 molecule.
It is gratifying, therefore, that no (M - 37t ions are observed.
On the other hand, the configuration isomers, cholest-S­
ene-31l,7a-diol (21) and cholest-5-ene-31l,71i-diol (22) display
intense (M - 37t ions, but in these molecules 106S of the second
water molecule yields a resonance stabilized system

~~oS
-HZO _ -HZO_

-0 ~ -+ ~ ~ ~;::... ~ I (14)
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4.7
3.8
7.1

compound

5Q'cholestan-3-one( 4)
cholestao·3·0Is( 12& 13)
cholesteryJ stearate( 34)

Table III. Relative Seositivities ~l(NCI)/l:l(PCI)

relative
sensitivities

alcohol or the hydroperoxide function, the latter being the
more acidic in the condensed phase. Ions at (M - 19t and
(M - 37t are the most intense in the spectrum, and these may
represent loss of H20, and H2 and H20 2, respectively, from
an alkoxide (M - 1)'. Cholesta-4,6-dien-3-one, which can be
formed by elimination of H20 2 and Hz from (28) is a known
thermal degradation product from the hydroperoxide (7).
Thus,

The presence of a very weak ion at (M - 17t suggests that
some free radical mechanisms may be occurring here. The
source temperature of 200 °C might well produce some degree
of thermal homolysis of the peroxide bond since D(RO-OH)
=43-44 kcal/mol for R =Me, Et, i·Pr and t-Bu (8). The
resultant radical could then be converted to a molecular anion
by resonance capture of 8 low energy electron in the source.
Thus,

"'" ~ ~~~~--.e.....~(17)
t10~~ 6 HO 0, /. HO a_A

The ions resulting from nucleophilic attack hy OH' on the
esters were discussed in the section on general reactions. The
other major ion observed for these compounds is (M - 1)-,
which accounts for 8 significant amount of the ionization in
the spectra of cholesteryl acetate (31) and the three fatty acid
esters, cholesteryl palmitate (33), cholesteryl oleate (34), and
cholesteryl stearate (3.1). This ion may result from abstraction
of one of the a1lylic protons adjacent to the C·5 double bond
in the steroid nucleus; however, the complete absence of (M
+ It)- ions in these spectra would tend to discount this
possibility. A more appealing mechanism (I) involves ab­
straction of a proton a to the carbonyl group of the ester.
Thus, for cholesteryl stearate

We note that there is no (M - It ion in the spectrum of the
benzoate ester (32), which has no hydrogens in the a-position.
The relative intensities of the major ions in the spectra of the
four esters studied may be dependent on the availabilities of
these hydrogens. In addition, these ion intensities may also
be dependent upon the relative stabilities of the carboxylate
and alkoxide ions.

Sensitivity. A few experiments were carried out to obtain
information on the relative sensitivities of OH- NCI and CH,
PCI for these steroidal compounds. The compounds chosen
for investigation were 5a-cholestan-3-one (4), cholestan-3-01s
(12 and 13), and cholesteryl stearate (35). These are mo­
nofunctional steroids containing the important functional
groups (carbonyl, hydroxyl, and ester) found in the total body
of steroids here investigated. The experimental technique
used involved completely evaporating from the mass spec·
trometer probe equal amounts of a compound (in the range
1-3 I'g) using first the positive and then the negative mode
of ionization. The intensities of the ions produced were
measured continuously during the course of the evaporation,

and the sum of the intensities of all the ions for all of the scans
during a given evaporation \Vas used as a measure of the
ionization sensitivity. Prior to data collection, the instru·
mental parameters were adjusted to achieve unit resolution
using perfluorotributyl amine for CH, PCI and perfluoro­
methyloctanoate for OH NCI. Instrumental adjustments
were kept at an absolute minimum in changing from the
positive to negative mode of operation and were generally
limited to slight changes in lens voltages.

The relative sensitivities may be defined as the ratios of
the total ionizations obtained as described above for OH- NCI
to those obtained for CH, PCI. The sensitivities obtained
(averages of 10-15 reasonably concordant replicates) for the
three compounds investigated are given in Table III. The
sensitivities in the negative mode are somewhat greater than
those in the positive mode, but not enough to constitute a
marked analytical advantage. In our opinion the approximate
equivalence of the sensitivities is to be expected for processes
involving ion-molecule reactions which are father similar in
terms of the masses of the reacting ions, the exothermicities
of the reactions, and the compositions and properties of the
reaction mixtures. The differences which do exist between
the sensitivities are probably the consequence of small effects
which we do not presently understand.

We bave compared the OH- NCI sensitivities with CH, PCI
sensitivities because the latter is among the highest to be found
for positive chemical ionization systems. We have long
recognized from qualitative observations that a relationship
exists between the sensitivity of chemical ionization reactions
and the exothermicities of the reactions, and we have recently
make quantitative measurements of this phenomenon (9).
Milder reagent gases such as isobutane and ammonia are in
widespread use in positive chemical ionization, and the exo-­
thermicities of the reactions of I-C,H: and NH: from these
gases with the steroids of this study will be appreciably lower
than the exothermicities of the reactions of CH: and C2H:
from methane with the steroids. Thus it is quite possible that
the OW NCI sensitivity with these steroids will be significantly
higher than the isobutane and, especially, ammonia sensi­
tivities.

Divers Comments. The ammonia, methane, and isobutane
positive chemical ionization spectra of many of these steroids
have been measured by Lin and Smith (2). It is not feasible.
nor particularly profitable here to make a compound' hy
compound comparison of the four kinds of chemical ionization
spectra. Speaking therefore only in general terms, all four
methods are soft ionization methods which produce no
fragmentation of the steroid carbon skeleton. The amount
of fragmentation involving carbon-oxygen bonds is least for
NH, PCI, OH- NCI ~ i-C,H,. PCI, and most for CH. PCI.
No markedly different structural properties are delineated
by the positive and negative methods. We have found that
the sensitivity for OH- NCI is somewhat higher than that for
CH, PCI, and we pointed out that it may be significantly
higher than those for i-C,H,. and NH, PCI. We are of the
opinion that the combination of low fragmentation and high
sensitivity (high reaction exothermicity) is more favorable in
OH- NCI than in the three PCI methods. In aU of this it must
be kept in mind that the PCI measurements were made at
an ion source temperature of 100 °C and a source pressure
of about 0.4 Torr. The OH- NCI measurements were made

(16)

ce
- 0 H

'0'" 1101·191-
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at 8 source temperature of 200 °C and 8 source pressure of
3 Torr. More fragmentation and less ionization (sensitivity)
will be encountered in the PCI methods at a higher source
temperature.

The OH- NCI spectra of virtually all of the compounds
studied here could be put to good analytical use. The (M ­
1)- ion is the most intense ion in the spectra of 22 of the
steroids. and it is of sufficient intensity to allow facile
identification of molecular weights for all save two of them.
While some association ions are ubserved (referred to above
as (M + n)- ions). the amount is small in total. and absent
for most of the compounds. By controst. the (M + NH,)+ ion
is found extensively in the NH3 PCI spectra. and this ion will
be markedly lower in abundance or perhaps absent at higher
source temperature.

The OH- NCI results with OH containing steroids are
particularly valuable, for such compounds generally show an
(M - I)' ion of useful intensity and ions produced by the loss
of 18 additional mass unit for each OH in the molecule. In
some cases the relative intensities of these ions give infor­
mation about the positions of the OH groups relative to each
other and to other groups in the molecule. As an example.
such information allows one to disting:uish bet.ween the diols
(20) and (21), which are positional isomers.

The OW NCI spectra of cholesteryl esters of fally acids
such as cholesteryl stearate are particularly attroctive. for they

contain peaks giving information about the molecular weight
of the component «M - In, the identity of the acid present
(RCOO-), and the presence of the cholesterol carbon skeleton
«XO-H20)"). In CH, and i-C,H,. PCI the fragmentation of
these molecules is so extensive that no molecular weight
information is available.
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High Sensitivity, Continuous Flow Thermochemical Analyzer

Richard S. Schlfreen,1 Carolyn Sue Miller" and Peter W. Carr'

Deparlment of Chemistry, University of Minnesota, Minneapolis, Minnesota 55455

A flow enthalplmeter for use with two fluid streams has been
designed. II Is based on a related device lor use with one
'Iuld stream and a bed 01 catalyst. Satlstaclory results were
obtelned only when the two thermistors, which comprise part
o' e dlflerentlaltemperature measurement system, are sub­
Jecled to the same net llow. In addition, any volume located
between the polnt 01 reagent mixing and the adiabatic column
must be minImized. Assays for minerai acid, calcium lon, and
nitrile baaed upon their reaction wllh trls(hydroxymethyl)­
emInornethene, ethylene b1s(oxyethyl-..ltrllo)tetraacetlc acid,
end sulfamlc ecld, respectively, have been developed. De­
tection limits rangad Irom 10 11M to 1 mM, depending upon
the heat 01 reaetlon and achievable base-ine stablity. Sample
volumes o' 120 III and a flow rate of 2.5 ml/mln allow lor
a throughput 01 nearly 60 samples/h. In general, sample
volume, concentrallon, and IIow rate allected the slgnal helghl
and width In a fashion similar to that observed wllh an im­
mobilized enzyme analyzer based on a related lIow system.
The chle' dillerences In behavior OCcur at low aample con­
centration.

In principle, thermochemical methods of analysis are
applicable to any reaction which either generates or absorbs

1Present address, Clinical Chemistry Laboratory. Hartford H06pital,
Hartford, Conn. 06115.

'Present address, Technical Services, Schilling Division, McCormick
and Co., Inc., Salinas, Calif. 93901.

heat. These techniques, however, require a controlled en­
vironment lind are often more tedious than other methods
which provide the same information. Consequently, ther­
mochemical analysis is often not considered for routine work
when some alternative technique is available.

Various at.tempts have heen made to circumvent these
limitations. In 1965, Priest.ly et al. introduced continuous Oow
enthalpimetry (J). This approach was based upon mixing a
reagent and sample st.ream in a plastic cylinder. Three
thermistors monitored the temperatures of the sample,
reagent, and product streams providing a differential mea­
surement system. They recognized the need for a reaction
chamber possessing high mixing efficiency and low thermal
capacity and conductivity. This was accomplished by fitting
the inlets to the small reaction cylinder with narrow inlets to
give two opposed mixing jets.

An isothermal instrument has been developed by Chris­
tensen et 81. (2). Their reaction vessel is immersed in 8

controlled temperature bath and maintained at a constant
temperature by a Peltier cooler and digitally controlled heater.
Reaction heats are measured at steady-state by the rale of
heat addition required to maintain the pre-set temperature.
This instrument is capable of measuring heats of reaction at
various pressures and quantitating large volume samples. Its
primary advantage lies in that it is independent of the heat
capacity of the solution and of the characteristics of the
calorimetric vessel as a result of the isothermal mode of
operation.

A third device has been developed by Peuschel and
Hagedorn (3-5) and is being manufactured by Technicon

ooo3-27oo/79/0351-o27a$01.00/0 C> 1979 Amer;can Chemical Society



Corp. (6). The sample and reagent streams are introduced
into a l-mL plastic and stainless steel cell agitated by a Tenon
encased magnetic stirrer. A single thermistor continuously
monitors the cell temperature. The entire apparatus is
immersed in a controlled temperature bath which is necessary
since only the cell temperature is monitored. The system is
sensitive to temperature changes of 5 moe with a precision
of less than I %. A wide variety of reactions. including
precipitation, have been adapted to this instrument. Because
of limitations in the cell design, however, only sample volumes
of I mL or greater and high concentration can he analyzed
at a rate of 2()-40 samples per hr.

Censullo and Jordan described a method they term "peak
enthalpimetry" (7). This system is similar to the one described
here in that a packed bed was used to provide mixing.
Detection limits with this device were at best a decade worse
than those available with the present apparatus, and sample
throughput at comparable now rates was lower.

The now enthalpimeter developed in our laboratory for use
with immobilized enzymes meets the requirements of accuracy,
precision, and throughput necessary for routine analysis
without the need for an electronic temperature controller. In
this study the instrument was modified to mix a soluble
reagent and sample stream while retaining the desirable
operating characteristics of the immobilized enzyme reactor
system.

The reactions chosen for study in this work are all well
characterized thermochemical systems. They are: the
neutrali7.lltion of Tham (tris(hydroxymethyl)aminomethane)
with hydrochloric acid (8), the complexation of calcium with
EGTA «ethylene bis(oxyethylenenitrilo)tetJaacetic acid) (9,10)
and the oxidation of nitrite by sulfamic acid (I 1). At this time
a precipitation reaction cannot be used in the flow system.

The reactions involved in the various assays are:
HCI-THAM

H+ + THAM = HTHAM+; llH25"c = -11.3 keal/mol
(I)

Ca-EGTA (pH = 8.0)

Ca2+ + H 2EGTA2- + 2THAM =
CaEGTA2- + 2HTHAM+; 1lH21>0c ~ -30.6 kcal/mol

(2)

Nitrite·Sulfamie Acid

NH 2SOJ H + HN02 = N 2 + HSO, + H 20 + H+;
1lH21>0c = -95.6 kcal/mol (3)

The heat of the calcium-EGTA reaction is approximate since
the EGTA exists in several forms at pH 8.0.

The purpose of the present work was to present details of
the design of a new thermochemical now reactor system and
evaluate the analytical characteristics of the device in terms
of its linear dynamic range, precision, and throughput.

EXPERIMENTAL
Reagents. The acid-base neutralization system employed a

reagent buffer of 0.5 M trislhydroxymethy1)orninomethane (Thorn,
buffer grade, Sigma Chemical Co., St. Louis, Mo. 63178), 100 mM
reagent grade sodium chloride. and 1 mM ethylenediamine­
tetraacetic acid-disodium salt lEOTA, "Baker Analyzed", J. T.
Baker Chemical Co., Phillipsburg, N.J. 08865) adjusted to a pH
of 8.5 with hydrochloric acid. The sample buffer was 100 mM
sodium chloride. Samples were prepared by serial dilution of a
hydrochloric acid solution calibrated against primary standard
grade Tham (Sigma Chemical Co.). All samples contained 100
mM sodium chloride.

The compleximetrjc reagent was 0.25 Methylene bis(oxy­
eUlylenenitrilo)tetraacetic acid (EGTA, Sigma Chemical Co.)
dissolved in a 0.5 M Thom (Sigma Chemical Co.) buffer adjusted
to pH 8.0 with hydrochloric acid. Sample buffer was a 0.5 M
Tharn solution at pH 8.0. Samples were prepared by dissolving
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Figure 1. Schematic drawing of the flow enthalplmeter modified for
mixing soluble reagents. (A) Sample buffer. (8) reagent buffer. (e)
perista~ic PimP, (0) preSSU'ega~ ~essor. (E) insolated water
bath. IF) pre-equilibration coil, (G) injection valve, (H" H,) matched
equilibration coils, (I) mixlng Tee connector. (J) reactor column. (K)
sensing thermistor. (l) equilibration coil matched to H, and H2. (M)
reference thermistor. (0) ac phase-lock bridge

the appropriate amount of reagent grade calcium chloride di­
hydrate in the sample buffer. An interference study was per­
formed by adding reagent grade magnesium chloride to the
sample.

The redox reaction reagent buffer contained SO mM sulfamic
acid (certified, Fisher Scientific Co., Fairlawn, N.J. 07410)
dissolved in 0.1 M hydrochloric acid. The sample buffer was 0.1
M hydrochloric acid. Nitrite samples were prepared by weighing
out the appropriate mass of reagent grade sodium nitrite into the
sample buffer. No Bttempt was made to exclude oxygen since
all reagents were discarded after 24 h. Deionized water was used
for the preparation of all reagents.

Instrumentation. The construction of a now enthalpimeter
using an immobilized enzyme reactor was described in detail
earlier (12). The components used for the soluble reagent system
were the same as described previously, although the system is
configured very differently. Figure 1 shows a schematic of the
modified now system.

The sample (A) and reagent (B) buffer streams are pumped
by a two·channel Masternex peristaltic pump (C) (Model 7545
pump and controller, Model 7013 and 7013·20 heads, Model
6408Q.1 I tubing, Cole-Parmer Instrument Cn., Chicago, llJ. 6(648)
through a pulse suppressor and pressure gage assembly (0) into
the stirred, insulated water bath (E). The sample stream passes
through the stainless steel pre·equilibration coil (F) and into the
injection valve (G). Both streams then pass through matched
equilibration coils (H,) and (H,) constructed of stainless steel
needle tubing (95 cm, 21 gage, 0.02-inch i.d., Precision Sampling
Corp., Baton Rouge, La. 70815) and enter opposing channels of
a Tee connector (I) (0.07-cm i.d. channels, Altex Scientific,
Berkeley, Calif. 94710) where they are mixed. The now then
passes through a l·cm Tenon fitting into the reactor column (J).
It is important that this fitting be drilled with a channel no wider
than 0.07·cm i.d., giving a total pre-column mixing volume of 30
pL. A second fitting having a 0.128-cm i.d. channel yielding a
pre-column mixing volume of 75 #lL was also evaluated. For all
experiments, an "adiabatic" column 3.3 cm Jong with an internal
diameter of 3 mm and an approximate volume of 0.42 mL was
used and was packed with acid-washed 80-120 mesh 80lid glass
beads (A. H. Thomas Co., Philadelphia, Pa. 19105). In 80me
experiments the glass was treated with dimethyldichlorosilane
(OMOCS) by the method of Robinson (13). For this work, the
glass was dried at ISO OCt rather than the recommended 500 oc,
in order to remove bound water without disturbing the surface
silanol groups. After passing through the reactor column, the
solution passes the sensing thermistor (K) and through a third
stainless steel equilibration coil (L). Finally, the buffer passes
a reference thermistor mounted in a Tee fitting (M) and out to
waste (N). The temperature difference measured by the ther­
mistors is converted to a disbalance voltage by a differential ac
phase-lock Wheatstone bridge (0).

Procedure. The instrument is operated in exactly the same
manner as the immobilized enzyme reactor system. Five minutes
before the first analysis, the stirring motor and pump are atarted
to ensure full thermal equilibration as indicated by a nat base
line. Flow rate is measured at the system outlet as the time
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CV,C
%

peak
heighl,"

mOC

Table I. Calibration Curve-Hydrochloric
Acid-Tham ReactionO

sample
concen­
tration,

rnM

blank
0.1
0.5
I
5

10
20
50

100
500

1000

0.00
0.00
0.40
1.13
8.87

20.4
45.7

116
225
860

1025

19
16

5.0
1.1
1.1
0.68
3.1
0.23
0.38

0.72
0.68
0.59
0.51
0.49
0.49
0.49
0.59
0.69

a Conditions: 120·~L samples; now rate:= 2.5 mL/min;
pH::: 8.5, 0.5 M Thorn buffer. b Linear least squares
analysis (0.5-100 mM): slope ~ 2.28 , 0.02 (moC/mM);
)' intercept = 1.13: 1.06 (mOe). C Correlation coeffi­
cienl ~ 1.000; Sludenl's I ~ 99.5.

FIgure 2. Representative recorder tracing for thg determination of
hya-ocI'loric aei:!. Conditions: 120-pL samples. llow rate = 2.5 rTUmin.
pH = 8.5. Concentrations (mM): 1,5. 10.20.20. 10.5. 1

Table II. Calibration Curve- -Calcium-EOTA ReactionO

required to fill a vessel of known volume. In thi:. ca.<;e, no sample
dilution was necessary and the sample was merely drawn into the
sampling valve and injected. Apparent temperature changes were
calculated 8S the product of the measured rl'sisti\'c disbalancc
of the thermistors and their approximate thermal coefficient of
-400 nrC. Peak width at half maximum height (U'I/2) was
converted to volume units via the measured now rate.

HESULTS AND DISCUSSION
Preliminary Experiments. A number of preliminary

designs were tried. There nrc several important design fnctors
which were discovered. First, both the si~nal and reference
thermistors must be placed in serif's with respect to the total
fluid flow. If this is not done, the base line wanders because
of slight changes in now rale since self-heated thermislors arc
quite now sensitive (14). The alternalive lo lhis is lo usc very
stable pumps or decrease lhe voltage applied lo lhe lher­
mislors (which was approximalely 0.5 V peak to peak in this
work) at the expense of some Joss in sensitivity and tern·
perature resolution (15-17). Second, placement of the ref­
erence thermistor in an "X" connector at thc point of mixing:
of the two fluid streams results in a negotive pre·peak due
t.o observation of the rcaction which takes place around the
thermistor. Third, attempts to design n reactor where one
now lube was joined lo lhe column along its axis and the other
tube joined w t.he column through a radial aperture gave very
irreproducible peaks. This design was an altemptlo avoid
reaclion outside an "adiabalic" column. We believe lhalthis
irreproducibility is 8 result of very inefficient radial dispersion
and incomplete mixing.

The system described above is a compromise (vide infra)
design which avoids the above problems. It is interesling to
nole lhat placemenl of bOlh the signal and reference ther­
mistors after lhe packed column inlroduces some thermal
smoolhing. Second, no double peaks were observed, indicating
that all heat produced in lhe column was completely dis­
charged to lhe heal sink.

Linear Dynamic Range. All three chemical systems were
evaluated Wilh respect to their linear dynamic range. In
general, the upper Iimil was delermined by the concenlration
of the reagenl in the reaclanl stream and lhe lower limil by
the base-line noise and drift of the instrument. For all systems
the linear range extended over at leasl lwo orders of mag­
nitude.

The appropriate calibration curves and supporling data
appear in Tables I-III. Figure 2 shows a representative
recorder tracing for the analysis of hydrochloric acid. Sample
carry·over, as can be seen, is negligible.

sample peak
concentration, heighl" CV,C W I/2 •

mM mOC % mL

blank 0.00
0.1 0.37 "'.2 0.6t
0.5 1.05 16.7 0.61
I 2.36 ·1.0 0.62
5 13.6 3.5 0.61

10 28.2 2.2 0.59
20 58.2 1.2 0.59
50 150 2A 0.59

100 301 1.9 0.59

10 mM Co"

I mMMg'- 28.2 2.4 0.59
10 mM Hl,(l. 32.1 1.3 0.59

° Conditions: 120'jJL samples; flow rale::: 2.5 mL/min;
pI! ~ 8.0, 0.25 M EGTA, 0.5 M Tham. • Linear leasl
squares analysis: slope;.. 3.02 ~ 0.01 (m"C/rnM); y inter­
cept -= -1.04 ~ 0.35 (mUC). C Correlation coefficicnt;..
1.000; Studenl's I ~ 3'10.

Table III. Calibration Cur\'e-Nitrite-Sulfamic
Acid ReaetionO

sample peak
concentration, height,b CV,C WIll>

mM mOC % mL

blonk 0.00
0.01 0.21 9.4 0.70
0.05 0.77 3.5 0.59
0.1 1.59 1.5 0.59
0.5 7.33 1.3 0.59
1.0 12.2 2.3 0.59
2 24.2 2.1 0.59
5" 70.8 2.4 0.59

10 125 6.1 0.59

a Conditions: 120-jJL samples; now rate = 2.5 mL/min;
50 rnM sulfamic acid, 0.1 l\:1 hydrochloric acid. b Linear
least squares analysis: slope::: 12.48 ~ 0.07 (moC/mM);
y intercept::: 0.13 ! 0.27 (mOC). C Correlation coefficient
::: 1.000; Student's t = 176. d These data rejected as an
outlier.

Sensitivily, as expecled, was proporlional to the heat of
reaclion. This accounts for both the high sensitivity and low
limit of detection observed for the nilrite analysis.

Precision is a function of lhe base-line stability. The high
concentrations of Tham used in several of the buffers in­
creased flow noise and consequently increased both the noise
and drift over the optimum levels of 50 pOC peak to peak and
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Figure 3. Calibration curve for hycrochlork: &cld at tow concentration
showing the intercept effect. Solid line represents the least squares
Iile for the eoti"e caiJration ClIVe n Table l. Cordtioos: (0) Pre-counn
mixing volume .::: 30 .ttL. flow rate = 2.5 mL/min, pH = 8.5. (+)
Pre-column mixing volume = 75 I-tL. flow rate;: 2.5 ml/min. pH =
8.5. (x) PrEH::olumn mixing volume = 75 I-tL, flow rate = 1.1 rrLtmin,
pH = 8.5

7 ~oC/min, respectively, when water was present in both flow
channels. As expected, the nitrite analysis, which did not
utilize Tham in either channel, had the best precision. This
effect is probably due to the significantly greater viscosity of
the 0.5 M ThaIn solutions over that of pure water. In addition,
inexpensive, buffer grade Tham contains particles of an in­
soluble impurity having a diameter between 0.5 and 5 ~m.

These particles produce and deposit a yellow-brown color at
the column inlet and gradually increase the system pressure
drop. The column must be repacked when the pressure drop
exceeds 20 psi in either channel at a flow rate of 2.5 mL/min.
The problem may be eliminated by using primary standard
grade Tham or by passing the Tham solutions through a
0.45-~m Millipore filter.

Examination of Table 11 shows that the determination of
calcium with EGTA is much less susceptible to interference
by magnesium than the corresponding EDTA based assay
would be. EquimoJar magnesium. in fact, only contributes
a 14% interference in peak height over that obtained with a
pure calcium sample despite the large excess of EGTA prescnL
We have shown previously that calcium may be titrated
thermometrically with this reagent without interference (18).

Effeet of Concentration and System Variables on Peak
Width. Examination of Tables I-Ill shows that only the
hydrochloric acid studies show significant variations in peak
width as a function of concentration. Increased spreading at
high concentrations due to incomplete conversion has been
observed previously with the immobilized enzyme reactor
system (12). This was, however, thought to be related to a
slow zero-order kinetic process which could not occur in this
system, even at the 500 mM or 1000 mM concentrations where
complete reaction is stoichiometrically impossible. The
similarity of the effect to that seen with the immobilized
enzyme reactor, however, bears further study. It is clear that
our understanding of microreactors is quite incomplete.

The increase of peak width at low concentrations has not
been observed with any other system. This increased peak
spreading correlated with the presence of an intercept in the
calibration curve which is a result of nonlinearity in the
calibration curve at low sample concentrations. Figure 3
compares this effect for several different configurations of the
system. It appears that reducing the pre-column mixing
residence time, either by decreasing dead volume or increasing
the flow rate, reduces the intercept. This may correspond to
thermal interactions with the plastic fittings which have been
observed previously (12) or to the amount of mixing and
reaction which occurs before entering the adiabatic region.
The direction of the intercept corresponds to a loss of sample
or of beat.

The area under a thermal peak should be independent of
variations in peak width or asymmetry which result from
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figure 4. Hydrochloric acid calibration ClIVe by estimated peak area.
Solid Ine represents 1he least sqJares Ine of 1he data shown. CondtIoos:
(0) Pre-column mixing volume = 30 loll, flow rate = 2.5 rri.1min. pH
= 8.5. (+) Pre-<:oUm rTW1g YOUne = 751'l- flow rate = 2.5 rrUmil,
pH = 8.5. (x) Pre-column mixing volume = 75 IJL, flow rate = 1.1
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Figure 5. Effect of flow rate on peak height. Conditions: 12l)..pL
samples of 10 mM HCI, pH = 8.5,0.5 M Thom buffer. column sIlanlzed
wilh DCDMS

sample dispersion or slow heat transfer (assuming no heat
losses) between components or between solid and liquid
phases. We can estimate peak area as the product of peak
height and peak half-width. As shown in Figure 4, the same
data given in Figure 3 become linear and have a smaller
intercept when this correction is applied. The continued
existence of the intercept may be due to very severe peak
tailing which makes the peaks non-Gaussian and limits the
validity of estimating peak areas tn this manner. Even under
ideal conditions, calibration by peak area does not completely
correct for differences in slope because these are due to the
heat loss characteristics of the different fittings as well as to
changes in peak shape.

It is interesting that only the acid-base system shows
thermal spreading at low concentrations. In addition, hy­
drochloric acid peaks falling in the linear range were narrower
than the corresponding peaks obtained with the other two
reactions. This suggests a mechanistic difference, since simple'
adsorption, dilution due to dead volume, or other common
sources of tailing should produce wider peaks regardless of
sample concentration. Peaks obtained with a column whose
packing had been silanized with DMDCS were identical to
peaks obtained with an untreated column. This eliminated
adsorption of protons or other ionic species to the glass packing
material as a cause of the tailing phenomenon. The origin
of this phenomenon is not understood. Clearly, a better limit
of detection could be obtained if the process could be
eliminated.

Effeet of Flow Rate on Peak Height and Width. A flow
rate study was carried out with the acid-base reaction system
at a concentration in the optimum range of the calibration
curve (10 mM). The curve obtained is shown in Figure 5 and
is qualitatively similar to that of our immobilized enzyme
reactor system, Le., an optimum now rate exists. In this work
the optimum occurs at about 2.5 mL/min which is nearly twioe
that for the immobilized enzyme reaction. This increased
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figure 6. Effect 01 sample volume on peak height. Conditions: 10
mM Her. llow rale = 2.5 mL/min, pH = '8.5, 0.5 M Tham buffer

optimum flow rate is probably a result of the considerably
increased extent of heat loss from the pre-column mixing
"Tee". Although the data is not given here, peak width (in
volume unitB) increases with flow rate from 2.5 mLjmin and
higher. Previous studies showed that this was not a thermal
effect .ince it was also observed with a refractive index de­
tector (12). We attributed the phenomena to slow interphase
mass transfer. This cannot be the whole explanation since
in this work the solid phase is nonporous and the reaction
takes place in the bulk liquid phase, not on the surface of a
cat.alyst. There are several significant differences between
the packings in this work and the previous report (12). As
mentioned above, 80-120 mesh nonporous particles were used
here in contrast to the previously small (2(J()-400 mesh) porous
material. Both of these changes could lead to increased
resistance to interphase heat transfer. The coupling theory
of Giddings (19) would predict very significant thermal wall
effectS since heat diffusion is quite fast relative to mass
diffusion. It is also possible that the increase in peak half­
width is due to the length of column needed to provide
complete mixing of the reagents. It is extremely difficult to
pinpoint the source of this phenomenon. We believe that
further detailed studies are needed which might also be very
relevant to gaining greater insight into trans-column
broadening processes.

ECCect oC Slimple Volume 00 Peak Height aod Width.
Sample volume had the same effect on peak height as in
previous .tudies (12). Results obtained with the acid-base
reaction are shown in Figure 6. Analysis of the steady-state
peak heights indicates a retention, at a flow rate of I.l
mLjmin, of only 45% of the total heat generated by the
reaction. This is significantly less than the 66% retention of
heat measured for the immobilized enzyme system at the same
flow rate with the same column. The greater extent of heat
1065 in the mixing system is due to the passage of the reacting
sample through the mixing chamber and plastic fittings before
reaching the adiabatic column. The rate of heat loss for
routine applications of the mixing system was decreased by
increasing the flow rate to the optimum of 2.5 mLjmin in­
dicated by the flow rate study (see Figure 5).

Careful matching of the flow rates in both the sample and
reagent streams should result in the sample being diluted by
exactly a factor of two. According to the concepts developed
previously for the immobilized enzyme reactor (12), the slope
of a plot of the peak width of the high volume samples versus
sample volume should be exactly two. Any deviation from
a value of two would reflect either mismatching of the flow
rates between the two channels or non-ideal mixing. A slope
less than two indicates inadequate mixing of the sample with
reagent, while a value greater than two is characteristic of
over-mixing or tailing resulting from either pre-column mixing
dead volume or thermal interactions.

Mixing efficiency, at the flow rates studied, should be
related only to the physical configuration of the mixing
chamber and reactioo column. This was verified hy measuring

',~L~~~.,,--;-,-"".,~-;,.';---;'';'1--:

SAt1PL[ VOUil1[ C..:..J

figure 7_ Mxing lactors---llydrochlorlc acid--Tham reaction. Solid line
represents the least squares line for sample volumes 0.25-1.40 mL.
Conditions: (o) Pr~lumn mixing volume::;:; 30 IJL. flow rate = 1.1
rrUmin, pH = 8.5, Il'iJOOg lactor = 2.35 ± 0.05. (x) Pre-colurm mixing
yolume ;; 75 ~L, flow rate = 1.2 ml/min. pH ;; 8.5. mixing factor =
2.56 ± 0.09

the mixing factor or slope oi a plot of peak width versus sample
volume at high sample volumes for a variety of physical
configurations and chemical conditions using the hydrochloric
acid-Tham reaction. Only a change in the pre-column mixing
volume appeared to affect the mixing factor as shown in Figure
7. The mixing factor, as expected, indicated more efficient
mixing, i.e., slope closer to the ideal, as the pre-column mixing
volume was decreased by decreasing the diameter of the
channels.

Analytically, the same trade-off between sensitivity and
throughput is prf"sent as in the immobilized enzyme reactor
system. Increasing sample volume beyond the appearance of
a flat-topped steady-st.ste peak does not improve sensitivity,
but degrades throughput. Similarly, decreasing sample volume
below the limit set by the column dispersion does not improve
throughput, but decreases sensitivity.

CONCLUSIONS

The utility of a flow enthalpimeter for the determination
of a wide variety of materials by acid-base, complexation, and
redox chemistry has been demonstrated. In the case of nitrite
determination, we were able to match the detect.ion limit of
a st.ste-of-the-art commercial calorimeter with subst.sntially
improved throughput. The assays have a precision of ap­
proximately 1-3% over much of the linear range. At this time,
use of packed-bed columns prevents the use of precipitation
processes in conjunction with this flow calorimeter. \Ve can
estimate the limit of detection for any material via assumption
of peak to peak base-line noise of 50 "ec (Le., if the viscosity
effects and column clogging described above can be elimi­
nated), retention of at least 40% of the heat generated (which
is a conservative assumption), use of a loo-"L sample (which
provides 50% of the maximum possible signal), and a heat
capacity of I cal/eC-cm'. Based upon the model developed
previously (12), we find that correcting for heat loss and
dispersion of the small sample:

O.2Mi(cal/mol) x C(mol/cm')
~T(ee) = (4)

I calre·cm'

For a typical reaction of 10000 cal/mol and thermal de­
tect.shility of 50 "ec we see that detection limits of 25 "M are
realizable. In view of a tot.sl of IOO-"L sample volume, this
is a relatively small amount of material.

It is impossible to avoid comparison with the commercially
available Technicon Thermometric Analyzer. For a given
reaction, the flow enthalpimeter is capable of quantitating a
sample of one-tenth the volume and one-tenth the concen­
tration of that practical for the Technicon system. The
precision of the flow enthalpimeter is, however, poorer by a
factor of two or more. The Technicon Thermometric Ana­
lyzer, with its single thermistor sensor, requires an electronic



temperature controller which is avoided in the flow enthal­
pimeter by using a differential measurement system. As with
other Technicon instrumentation, the Thermometric Analyzer
utilizes a segmented flow system. Finally, the reaction cell
of the Thermometric Analyzer allows for the use of precip­
itation reactions at the expense of requiring a larger sample
volume than needed for comparable analyses with the flow
enthalpimeter. The throughput of the automated Technicon
Analyzer and the manually operated flow enthalpimeter are
about the same; however, automating the injection process
of the flow enthalpimeter would increase its throughout by
a factor of two to three while still retaining base-line resolution
of the samples.

The practical utilization of either instrument depends on
the ability to either eliminate or correct for interfering heats
of dilution or reaction resulting from chemical mismatch
between the sample and sample buffer. This is, however, a
problem intrinsic to all forms of thermochemical analysis and
one which must be addressed uniquely for each analyte under
consideration.

The placement of the reference thermistor after the sensing
thermistor is critical to the operation of the flow cothal­
pimeter. Optimum performance is obtained by minimizing
the mixing volume prior to the column. The best arrangement
would be bringing the two reagent tubes concentrically into
the entrance of the reactor. This configuration is, however,
very difficult to construct with commercial plastic fittings.

The "peak" enthalpimeter described by Censullo and
Jordan did contain a mixing: chamber formed by joining two
concentric reagent tubes (7). Their peaks, however, showed
considerable tailing and were much wider than those reported
here for equivalent sample volumes. This apparent dis­
crepancy is due to both increased dispersion in the peak
enthalpimeter's two·meter thermal equilibration coil and
thermal tailing in the plastic reaction chamber. The con­
tribution of these factors to peak shape and width has been
documented previously (J 2).

Sensitivity and the lower limit of detection are determined
by the chemistry involved in a particular analysis. For dilute
samples, extraneous heats of mixing can he subtracted as part
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of the blank. Selectivity can be enhanced by using only the
necessary concentration of reagent to complete the reaction
of interest and through the use of masking agents.

Our studies of the mass transfer and dispersion relationships
in analytical reactor systems indicate that we do not fully
understand these processes. It is of great interest that peak
widths are sometimes a function of sample concentration.
Current models (J2) do not predict this effect for reactions
having first-order kinetic mechanisms. Further study will be
required before a general explanation for this phenomenon
can be proposed.
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Liquid Chromatographic-Fluorometric System for the
Determination of Indoles in Physiological Samples

George M. Anderson' l and William C. Purdy

Department of Chemistry, McGill University, Montreal, Quebec, Canada

A liquid chromatographlc-fluorometrlc system has been used
to determine a variety 01 IndoUc metabolites of tryptophan in
cerebrospinal fluid, brain, plasma, and urine. Detection limits
01 5-22 pg were obtained lor the compounds of Interest by
measuring their native fluorescence after excKatlon at 254 1m.

The sensitivity and selectivity of the system enabled new or
greatly simplified methoda to be developed.

The measurement of a variety of indolic metabolites of
tryptophan (TRP) in various physiological samples is required
for the elucidation of TRP metabolism. Because TRP serves
as the precursor of the neurotransmitter serotonin and of the
behaviorly·active trace-amine tryptamine, its metabolism is

I Present address: Child Study Center, Yale University, 333 Cedar
St" New Haven, Conn. 06510.

of special interest in neurochemistry (I-6).
Fluorometric methods have been widely employed for the

determination of indolic compounds in physiological samples
(7,8). Recently methods involving liquid chromatography
with on-line nuorometric detection have been developed,
allowing some of the measurements to be made more easily,
and with greater specificity and sensitivity (9-18).

Here we show that a liquid chromatographic-fluorometric
system, which we have used for measuring indoles in cere·
brospinal fluid (CSF) (I5, 16), can be used to determine indolic
compounds in CSF, brain, plasma, and urine, with a minimum
of sample preparation.

EXPERIMENTAL
Apparatus. Liquid chromatography was performed with a

Waters 6000A pump, U6K injector, and 30 cm x 3.9 nun (i.d.)
reverse·phase column of 10}lm "micro·Bondapak CIs" (Waters

0003-2700179/0351-0283$01.00/0 © 1979 American ChemIcal Society
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Table I. Chromatographic and Deteetabilily Data
tor Compounds Studied

~-HtAA

/

CSF samples

TOP

TRP

S-HJAA

standards

inj.

acid (TCA) solution. The mixture was stirred on a vortex mixer
for 3 s at 0, 2, and 4 min after the addition of the TCA. The
sample was then centrifuged and -0.2 mL of the supernatant
carefully removed. The sample was kept at 0-5 °C during the
procedure and srored at -20°C until chromatographic analysis
(see Table I). An injection volume of 50 .L was usually employed.

Determination of fAA and IPA ill Rat Plasma. A 0.20-mL
plasma sample was deproteinized by the addition of 0.60 mL of
absolute ethanol. The sample was stirred for 3 s on a vortex mixer,
allowed to sit for 5 min at -0 °C then centrifuged. Approximately
0.2 mL of the supernatant was transferred to an acid-washed tube.
For chromatographic analysis (Table I), 5-20.L uf the super­
natant was injected.

Determinotioll of TRP, IAA, and /Ildoxy/wifate (/SO.) ill
Human Urine. Urine which had been acidified and frozen
immediately upon collection was thawed and centrifuged to
remove any trace of precipitate. A small porlion (e.g. 0.2 mL)
of the centrifuged urine was diluted 5· or lO-fold with distilled
water and 2-10 lolL directly injected. A solvent system of 93%
pH 5.1, 0.01 M sodium acetate/7% acetonitrile was used, with
a fluw rate of 2.0 mLI min.

o B 12 16 min

Figura 1. Determination of TAP and 5-HIAA In 10.L rat CSF samples.
Standards (1.0 og each) at 0.3 sensitivity, samples at 1.0 sens. (less
sensitrve). samples contain --300 ng TRP/ml and ...... 100 ng 5~

HIAA/ml.. Chromatographic conditions 1, Table I

RESULTS AND DISCUSSION

The retention times and detection limits observed for the
compounds of interest are given in Table I. The chroma­
tOl{raphic conditions are those used for their analysis in
physiological samples.

The determination of TRP and 5-HIAA in two different
rat CSF samples is shown in Figure 1. Single point standards
are used when quantitating the compounds (by peak height).
The recovery of added TRP and 5-HIAA was greater than
95% for samples spiked with 25 to 1000 ng of the compounds.
No extraction is required as in another chromatographic­
fluorometric procedure for 5-HIAA (/7), and although an
amperometric method (/9) has a comparable sensitivity for
5-HlAA, its application is limited to the determination of
phenolic metaholites.

In Figure 2, the determination of IAA and IPA in 50 ilL
rat CSF samples is shown. Added IAA and IPA were both
completely recovered (>95'70 for the I-to IO-ng range) from
pooled rat CSF and human CSF samples. The method is an
improvement on that previously repnrted by us (15), in that
no extraction or internal standard is necessary. A detection

detcc·
tion

limit,
pgb

18
22

chra·
mato­
graph·

ic
condi·
tionsO

3.5
4.6

reten·
tion

time,
mincompound

tryptophan
5-hydroxyindolcacetic

acid
indoleacetic acid 3.9 2 5
indolepropionic acid 6.0 2 7
5-hydroxytryptophan 7.8 3 12

• ConditiollB: (I) 2.0 mL/min, 90%, pH 4.3, 0.01 M
sodium acetate, 10% acetonitrile. (2) 2.0 mL/min, 70%
pH 4.0, 0.01 M sodium acetate, 30% acetonitrile. (3) 1.5
mL/min, 97%, pH 4.1, 0.01 M sodium acetate, 3% meth­
anol. b Injected quantity giving a signal/peak·to-peak
noise ratio of 2.

Associates, Milford, Mass. 01757). An Aminco Fluoromonitor
(American Instrument Co., Silver Spring. Md. 20910) was
modified so that a mercury penJamp (Model IISC·I, U.V.
Products, San Gabriel. Calif. 91778) could be employed as the
excitation source. The penlamp was positioned parallel to the
flow-cell, at 8 distance of 2.5 em. A 9.0-mm diameter, 254-nm
interference filter (Waters Associates) with 8 transmittance of
0.41 was employed as the excitation filter. A Corning 7-51 glass
filter was used as the emission filter. A Supersil -7Q-.L. 26 10m
X 2 mm (i.d.) flow·cell was used with a holder having 1.25-mm
slits (cell and holder from Aminco). The excitation filter was
centrally positioned giving an effective (illuminated and collected)
cell volume of -14 .L. An RCA 931-B photomultiplier (S-4
response) was used with a supply voltage of -700 V. Usually an
RC low-pass filter with • time conslant (r) of 1.5 s was employed
in addition to a built-in damping circuit (T = 0.1 s at 0.3 sen­
sitivity).

Reagents. Standards were purchased from the Sigma Chemical
CO' 1 S1. Louis, Mo. 63178. The acetonitrile used was "glass­
distilled U.V. grade" from Burdick and Jackson Laboratories.
Muskegon. Mich. 49442. The methanol was spectrograde from
American Chemicals Ltd., Montreal, Quebec. All other chemicaL.
were reagent grade. Solvent systems were prepared byadju::;ting
0.01 M sodium acelate to the proper pH with glacial acetic acid.
The proper proportion of organic modifier (v/v) was then .dded
and the solution stirred for -30 min before use.

Methods. Determination of TRP and 5-HIAA in Human and
Rat CSF. Human CSF was obtained via lumbar puncture from
patienls undergoing diagnostic pneumoencephalography (PEG).
Rat CSF was obtained from the cisterna magna by cisternal
puncture through the atlanlo-ueciptal membrane. CSF samples
were stored at -70°C in acid-washed glass test tubes or poly­
propylene tubes. Chromatographic analysis was performed by
direct injection of 1-20 IJL of human or rat CSF. The chro­
matographic conditions are given in Table I.

Determination of IAA and IPA in Human and Rat esp.
Sampling and storage procedures were os above. Analysis was
by the direct injection of 25-50 .L of human or rat CSF.
Chromatographic conditions are given in Table I.

Determination of fAA and IPA in Rot Brain. Rat brains were
removed intact, rinsed with 0.9% saline, blotted dry, and stored
in Parafilm at-70·C until analyzed. Whole rat brains (-2 g)
were thawed at _5°C for 10 min in polycarbonate centrifuge
tubes and then homogenized for 40 s in 2.5 volumes of 0.1 M
ZnSO, containing 0.02% ascorbic acid. After the addition of 2.5
volumes of 0.1 M Ba(OHl" the samples were stirred on a vortex
mixer for 3 s and then centrifuged at 18000g for 15 min. Solutions
were kept at, and operaliollB performed at, 0-5 ·C. Approximately
1.0 mL of the supernatant was removed and stored at -70°C in
a polypropylene tube. Chromatographic analysis was by the direct
injection of 50 "L of the supernatant (see Table I for chroma­
tographic conditions).

Determination of 5-HTP in Human PlosmJJ. A0.2-mL plasma
sample was deproteinized by adding 0.2 mL of 10% trichloroacetic
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o 4 8 12 16 ~ min

Figure 4. Chromatogram showing the determinaUon of 5-HTP k1
deproteinlzed hwrran plasma, along with a 1.O-ng 5-HTP standard. The
equivalent of 25 J.tl of plasma was injected. sens. 0.3. The sample
contains 3.3 ng/mL of S-HTP. Chromatographic conditions 3. Table
I

CSF
samples

fAA

inj.

8 0 4 8 min

Figure 2. Determination of IAA and IPA in two rat CSF samples by
the direct injection of 50 J.tL of untreated CSF. 0.3 sens. Chroma­
tographic conditions 2, Table I

brain
samples

inj.

5-HTP
standard

plasma
sample

5-HTP

plasma
samples

Figure 5. Determination of IAA and IPA in three S·IJL samples of
deprotelnized rat plasma. sens. 3.0. Chromatographic conditions 2.
Table I

rat brain-area samples. Any IPA observed can be attributed
to IPA in blood (see below), the brain containing -3% blood
by weight. A small amount (-I ng/g) of the brain IAA also
arises from this source.

A chromatogram showing the determination of 5-HTP in
a plasma sample from a patient receiving TRP and benser­
azide (a decarboxylase inhibitor) is shown in Figure 4_ The
identification of the peak is based on its retention time in
several solvent systems, its behavior in extraction systems,
and its behavior when a 280-nm excitation source and/or
300-nm cut-off emission filter were used. Added 5-HTP was
completely recovered; when a 50-ILL injection volume is used,
a detection limit of 0.5 ng 5-HTP/ mL plasma is obtained. The

min16

inj.

12 min

FIgure 3. Determination of IAA and IPA in rat brain by the injection
of 50 J.LL of a 5/1 v/w homogenate. The spiked sample has 10 ng/g
IAA and IPA added, 0.3 sans. Chromatographic conditions 2, Table
I

limit of 0.12 ng IAA/mL of CSF is obtained when a 50-ILL
sample is injected. An average value of -5 ng lAA/mL has
been observed in rat CSF.

The determination of IAA and IPA io rat brain is shown
in Figure 3. A detection limit of 0.5 ng IAA/g brain is
obtained with this direct injection method. The recovery of
added IAA was 98 ± 2%, while 49 ± 7% (means ± standard
error [SEM]) ofilie added IPA was recovered. The recoveries
arc for seven rat brains; 10 ng of IAA and IPA were added.
The method is much simpler, and slightly more sensitive, than
the present gas chromatographic-mass spectroscopic (GC-MS)
method (20). A value of 8.3 ± 0.8 (mean ± SEM) ng IAA/g
was observed for seven whole rat brains. The method is
sensitive enough to allow the determination of IAA in single
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urine
sample

inj.

min

F~ur. 6. Chromatogram at 1 pL of untreated urine. Numbers 1m·
mediatety beneath chromatogram are sensltlvltles (change indicated
by downward spike). Concentrations for the sample shown are: TAP
32 ng/~L, lNOSO, 120 ng/~L, and IAA 1.8 ng/~L (multiply by 1.2 lor
mg/24 h). Saa laxI lor axparlmenlal dalails

detection limit is significantly lower than the -10 ng/mL limit
obtained with the best previous method (18); also a simpler
sample preparation is employed here.

In Figure 5, the determination of IAA and IPA in three
different ral plasma samples is shown. The recoveries of
added IAA and IPA were 80 ± 2% and 77 ± 2'10 (means ±
SEM) respectively. Because the recoveries were consistent
for the 12 spiked samples exwnined, no internal standard was
used. A detection limit of 2 ng/mL was obtained using a 2o-~L

injection; typical values of 100 ng IM/mL and 1 ug IPA/mL
were observed. The identities and amounts of 1M and II'A
observed were confirmed by thin-layer chromatography (TLC)
of acidified plasma extracts. The method is much simpler and
quicker than previous methods, the increased sensitivity
(detection limits of -2 ng/mL vs. 100 ngJmL (2])) is im­
portant as the average value observed for lAA in rat plasma
has been -75-100 ngJmL.

A chromatogram showing the determinatiun ufTRP, IAA,
and ISO, in 1.0 ~L of human urine is shown in ~'igure 6. The
identities and approximate amoUnts of the compounds ub­
served were checked by TLC of urine (or urine extracts). TRP
and ISO" which apparently interfered with one another in
a previous chromatographic-Ouorometric method (I I), are
here easily separated and quantitated. Preliminary results
for TRP, IAA, and ISO, levels in normal human urines have
been within previously determined ranges (22-24).

The sensitivity and selectivity of the system, and the fact
that the native Ouorescence of the compuunds is being
measured, allow new or greatly simplified determinations to
be developed. The detection limits obtained are ~ IO-fold

lower than the best previous chromatograph-Ouorometric
methods, (12-14, 17, 18) reported for several of the indoles.
The limiting noise has been shown to be photon shot-noise
(16); because of the square-root dependence of photon
shot-noise on background light levels, further decreases in
detection limits will be difficult. At present, the system is
comparable in detectability to recently developed laser­
Ouorometric systems (25, 26) and to GC-MS methods. The
system would appear to be applicable to the determination
of many indolic species in various complex matrices.
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Performance Liquid Chromatography
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PRINCIPLES
In normal operation of an analytical chromatographic

system using an absorption detector, the Beer-Lambert law
may be strictly applied for solute detection. Since absorbance
is an additive parameter, the instantaneous signal of an eluting
profile containing n components is the sum of the absorbance
of the individual components, that is,

Peak overlapping Is very convnon In mulUcomponent elution
even with opllmlzed high performance liquid chromatography.
Quantlllzation of the seriously Interfered components Is not
feasible wUh conventional detection methods. We report here
the utilization of dual wavelength spectrophotometry (DWS)
as a high resolullon, high precision, and high selectivity de­
tector for the remedy of this problem. The basic principles
01 the novel detection method are Uluslrated and demonstrated
with examples of polycyclic aromatic hydrocarbon analysis.

Multiple component determination with high pressure
liquid chromatography (HPLC) depends mainly upon the
separation efficiency of the chromatographic system. By
properly selecting the mobile and stationary phases and
operational conditions, such as recycling, solvent programming,
temperature or flow programming, multicolumn technique,
etc., very high efficiency may he obtained. However, even
under the most optimal conditions, peak-overlapping is still
very common in the chromatography of structural related
compounds. It takes a lot of patience and great care to reveal
the analytical information about these hard-tn-resolve
components. In these cases, if the detector itself also provides
means of differentiation for the components in the eluent, it
will add a new dimension of resolution to the chromatographic
system.

When properly designed, the means of differentiation may
arise from the slight difference in any physical or chemical
properties of the components. Here we report the utilization
of the small spectral difference for the differentiation of
structurally closely related compounds. This is accomplished
by coupling the HPLC to a spectrometer operating in the dual
wavelength mode. Careful selection of the two wavelengths
enables us to flip the elution peak of either component in a
highly overlapping profile. As a result, not only is the res­
olution increased but also the identity of the components may
be revealed. Methods of quantitation for the individual
components are also discussed.

where Pi = (Oil., - (ail., is the compound absorptivity of the
ith component and can be either positive or negative de­
pending on the values of (ail., and (ai)"" When Pi is positive,
the elution peak of the ith component will appear on one side
of the base line. It will show up on the other side if Pi is
negative. Therefore, by proper selection of the two wave·
lengths, one can make the elution peaks of some componenta
above and the others below the base line. Such alternating
coding of the signal provides not only higher resolution than
the chromatographic system alone can possibly attain but also
additional information about the identity of the componenta.
This is often possible because two different molecules having
similar retention times could not possibly have an identical
spectrum over the entire UV-visible region.

With the present chromatographic technology, the number
of components in an overlapping peak is seldom greater than
3, i.e., n :S 3. We will concentrate on the cases where n = 2
and n = 3.

Assuming in both cases the elution of each component is
Gaussian in shape, that is,

(3)

(2)
n

~ = AAi - A", = bLtJiCi
i-I

uCi• [(f -t Ri )' ]
C,(t) = --- exp - --,-

f(fi~ 2(fi

is compensated with proper zero adjustment. Variation due
to light scattering by both solvent and solute molecules and
that due to flow and lamp current fluctuation are not com­
pensated for. Moreover, components which do not absorb at
the wavelength, usually a spectral line from a mercury lamp,
e.g., 254 nm or 280 nm, will not be detected and components
which absorb at that wavelength will be indifferently registered
as predicted in Equation I. Therefore, if the resolution is
much less than unity, precise quantitation of the individual
components is almost impossible from the resulting chro­
matogram.

Differing from the conventional double-beam arrangement,
the dual wavelength spectrometry developed by Chance (1-3)
employs two different wavelengths, AI and A" which are sent
through the sample cell along the same light path in a
time-sharing manner. The difference in absorbances at these
wavelengths is amplified and measured. As a result, fluc­
tuations due to light scattering, source, and flow variations
can be minimized. Components which do not absorb at one
wavelength but absorb at the other can also be registered. The
elution signal observed can thus be expressed as,

(I)
n

A, = bL (aihCi
i-I

where (ail. is the molar absorptivity of the ith component at
a wavelength A, b is the cell length of the detector, and A, is
the transient absorbance observed during elution. If the
dimension used for b is cm and that for Ci is molarity, M, (ail.
will have a unit cm-' M-I.

Conventionally, absorption is measured against a reference
which is usually an air cell. Absorption of the mobile phase

where i = 1,2, or 3. C,o is the initial concentration of the ith
component in the sample, and u and f are the volume of
sample injected and the flow rate, respectively. The retention
time of the ith component is represented by the symbol tRi

and the corresponding standard deviation by (fi'

Substitution of Equation 3 into Equation 2 gives, for n =
2,

0003-2700179/0351-0287$01.00/0 e 1979 American Chomlcal Society
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(4)
A

where

where i = I. 2. The paramet<>rs 'Y, and 'Y, can be either positive
or negative depending on the values of {3, and {3" so can UA.

Assuming that the selection of wavelengths gives positive
{3, and negative {3, values. and that la, is slightly smaller than
la,. the second term on the right hand side of Equation 4 is
therefore negative. In a certain range of I, e.g., I < IR" the
absolute value of this t<>rm is smaller than that of the first
term, because of the rapid decrease of the exponential with
the increase of the argument, UA is positive. It stays positive
until Irr,C,· is just compensated for by b'Y'C,·. After that UA
goes negative, passes through n minimum, and approaches 1.cro
from the negative side 8S t increases. This results in n
wave-like elution curve with the peak and valley related to
the relative amounts of the two components, respectively.

To reveal the concentrations of the components in the
original sample, the area under the elution profile is needed.
Since the Gaussian function is a normalized function, inte­
gration of Equation 4 yields,

aAT = ylb{3,C,. + b{J,C,01 (5)

Combining Equations 4 end 5, one obtains,

!({J,uA - 'Y,uA T)
C,O = (6)

bu(-Y,{J, - 'Y,I3,)

!('Y,uAT - l3,uA)C,o = (7)
bU('Y,{J, - 'YJJ,)

Since the {3's and 'Y's can be obtained from calibration, bothC,· and C,· can be obtained from the measurable values of
UA and UAT •

In the case where three components ore overlapping, onc
can choose two wavelengths which makes IJ, negative while
{3, and {3, are positive. The concentration of all three com­
ponents can be measured by measuring .lAT and two uA
values, e.g., a peak and a valley or two peaks.

EXPERIMENTAL
Reagent grade methyl alcohol was obtained from Mallinckrodt

Inc., Paris, Kentucky. Polycyclic aromatic hydrocarbons (PAH)
were purchased from the fOUO\\1ng sources and were used without
further purification: triphenylene, phenanthrene, and anthracene
from Aldrich Chemical Company, Inc., Milwaokee, Wis.; benzo­
(e]pyrene from Columbia Organic Chemicals Co. Inc.. Columbia,
S. C.; chrysene from City Chemical Corporation. New York, N.Y.;
pyrene from Eastman Kodak Co., Rochester. N.Y.; I,2-benz·
anthracene from Research Organic/Inorganic Chemical Corp.,
Belleville, N.J.; and benzolo]pyrene from Switzerland.

Stock solutions of the PAH were prepared in methanol and
were kept refrigerated no longer than two weeks. Synthetic
samples were prepared daily by mixing the stock solutions in
proper proportion and diluted to volume with methanol.

An ALC/GPC 203 (from Waters Associates, Inc., Milford,
Mass.) high pressure liquid chromatograph equipped with a
I'Bondpak C" column (P/N27324) and a loop injector was used.
The HPLC is coupled to an Aminco DW-2 UV-visible spectro·
photomet<>r by direct connection of the outlet of the HPLC
det<>ctor to the inlet of a flow cell (Precision Cells, Inc. 8495, 0.25
mL) in the spectrophotomet<>r. The HPLC was operated iso­
cratically in the reversed phase mode with 74% methanol in
diatilled water. The column t<>mperature was maintained at 37
°C by circulating constant temperature water through a jacket
around the column. The signal output from the HPLC det<>ctor

o

Figure 1. Chromatograms 01 polycyclic aromatic hydrocarbons: A.
Conventional chromatogram recorded at 254 nm. Peak 1, Impurity;
2. phenan1lYene; 3. anllYaceoe; 4. pyrene; 5. triphenylene; 6, clYysene;
7. benzls]snlhrscene; 8. benzo!e]pyrene; and 9. benzols )pyrene.
B. C. and O. Chromatograms obtained dual wave~ngth spectrcr
photometricalty at different wave~ngths

was recorded with 8 strip chart recorder (OmniScribc series
B-5000, Houston Instrument, Austin, Texas) at a chart speed of
1 em/min. The chart speed of the DW-2 was set at I in./IOO s.

RESULTS AND DISCUSSION

A typical chromatogram of a mixture containing 8 PAH was
reproduced in Figure IA. It is seen that the separation of
pyrene, benzo[e]pyrene and benzo[a!pyrene is satisfactory.
The microparticulate column, however, fails to resolve either
phenanthrene from anthracene, or triphenelene, chrysene, and
benzla]anthracene from each other. The overlapping of
chrysene with benz(aJanthracene is particularly serious.
Similar observations have been report<>d with different sta­
tionary and mobile phases (4-6). None of these investigations
using the Cl8 reverse phase column has succeeded in 8

complete resolution of the PAH. Quantitation of these se­
riously overlapping species is not feasible with the conventional
absorbance measurement method.
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Table L Parameten Used for Chromatogram Simulation
reten- molar absorptivities,a (M cm)-l
tion peak

concentration, times,b width,b 260 254 257 266.5 288 297.5
components M x 10' min min nm nm nm nm nm nm

phenanthrene 1.03 X 10" 8.15 0.25 64600 64231 24086 11 562 6423 4817
anthracene 0.53, 8.70 0.25 200000 200520 44660 534 366 531
pyrene 3.26 11.20 0.29 11 800 11 800 13146 15169 2831 4247
triphenylene 0.83, 14.05 0.50 73053 79902 132995 15980 9816 2169
chryaene 1.33 15.5 0.50 43375 68487 91 316 164 000 9360 9132
benz[a )anthracene 1.57 15.8 0.50 33102 36525 38809 45656 90170 7419
benz[e )pyrene 1.24 21.2 0.67 20816 23970 24601 27124 54249 11 985
benz!a )pyrene 1.37 23.7 0.75 38689 43736 42894 50464 36166 66865

• Calculated from Sadlier UV spectra. b Obtained from the following chromatographic conditions: Temp = 37 "C, now
rate; 1.21 mL/min, mobile ph..e ; 35 mL H,O/100 mL CH,OH, solvent; CH,OH (Mallinckrodt), column packing;
~ Bondapak C1U pressure = 2300 psi.

quenching or sensitizing species. These facls make the
fluorometer a very selective but less versatile detector in liquid
chromatography.

The HPLC-DWS system reported here has the selectivity
the fluorescence detector has and the versatility it does not
have. In addition, ita ability to determine simultaneously both
components in a highly overlapping peak is very unique.

Because of the additional dead volume of the flow cell, post
column mixing in the DWS is believed to he much worse than
that in the HPLC detector. Even under such an adverse
condition, the resolution of this novel differentiating detection
technique is seen to be much better than the conventional
method. Resolution can be even better if the analytical
column is directly coupled to the DWS.

Since the chart speed of the DWS is different from that
used for the HPLC, it is not easy to line them up for com­
parison. So we extract the chromatographic information from
the chromatogram and spectral information from Sadtier
Spectra (see Table I) and substitute them into Equations 1
and 2. By means of a computer we can simulate chroma­
tograms under different conditions (Figure 2). These sim­
ulations help a lot in confirming the identity of the PAH.

It is seen from Table I that phenanthrene, anthracene, and
triphenylene have greater molar absorptivities at 254 nm than
at 266.5 nm but the rest of the PAH absorb more strongly at
266.5 nm. Ifone chooses I., = 254 nm and .~, = 266.5 nm, the
elution prome of phenanthrene, anthracene, wld triphenylene
will be on the positive side while the others will be on the
negative side. Providing that all PAH concentrations are
comparable, the largest negative peak in the resulting
chromatogram will be chrysene because it has the greatest
difference in absorptivity (Figure 28).

When the wavelength hi is changed from 254 om to 257 nm,
the absorptivities of phenanthrene and anthracene decrease
drastically, as do their elution peaks (Figure 2C), whereas the
triphenylene peak is enlarged significantly.

Now, if the two chosen wavelengths are 250 and 21:l8 nm,
benz[a]anthracene will be flipped negative and pyrene positive
as shown in Figure 2D. However, the best wavelengths for
determination of benzanthracene, benzo[e)pyrene, and
benzo[a)pyrene in the multiple component mixture are 288
and 297.5 nm. At these wavelengths (Figure 2E) the inter·
ference from triphenylene and chrysene is negligibly small and
the elution signals are of considerable size. All these simu­
lations match with the real chromatograms (Figure I, B-D)
with fantastic resemblance in both peak shape and relative
peak sizes. This implies that such simulation may be very
useful in roal sample determination. With a computer-in­
terfaced system, such matching may be reached in real time.
Even though a complete analysis may not be feasible in this
manner, the identity and quantity of the concerned com­
ponenta may be revealed.

A

t
,·m
.110. 'I~a

Figure 3. Chromatograms of trlphenylene and ctvysene. Wavelength
used: hI = 257 nm and >"2 = 266.5 om. Amount of triphenylene
injected: 38.1 119; a"",,",l of clvysene introduced: A, 69.7 n9; B. 139.4
n9; C. 209.1 n9; D. 278.8 n9; and E. 348.5 n9

Figure 3 shows chromatograms of a series of binary mixtures
of triphenylene and chrysene. The amount of triphenylene
is kept constant and that of chr)'sene is varied. The elution
profiles recorded conventionally at 254 om were reproduced
in Figure 3A, whereas those displayed in Figure 3B are
chromatograms obtained dual wavelenth spectrophotomet·
rically at 257 and 266.5 nm. At these two wavelengths, the
compound absorptivities of triphenylene and chrysene are of
opposite signs. As a result, the elution of chrysene appears
in a valley. The depth of the valley is seen to be proportional
to the concentration of chrysene. If this amplitude is plotted
against the amount of chrysene injected onto the column, a
straight line is obtained. The line does not pass through the
origin because of the interference of triphenylene. Referring
back to Equation 4, it is seen that the intercept of this line
with the ordinates is corresponding to the quantity of
burIC,o/f. Dividing this quantity by the concentration of
triphenylene one obtains the value of burdf. In the actual
calculation, we used the absolute amount, in nanograms,
instead of concentration. A conversion factor must be in­
cluded. But this factor is later eliminated automatically. As
long as we keep the units consistent, there is no need to worry
about the conversion.

The area of the elution profile is measured with a com­
pensating polar planimeter (Keuffel & Esser Co., New York).
It is also proportional to the concentration as indicated in
Equation 4. The intercept yields buf1df in the same manner
as rl' Once these parameters are found, a reduced parameter
corresponding to the quantity (bulnlr,IlAT - f1lolAj can be



Table II. Calibration of Chrysene in the Presence
of TriphcnyleneO

amount
intra· (bv/n'
duced b,"AT -

ng, "A X 100 "AT ~."A I X 10'
69.7 -0.40 +0.031 1.13

139.4 -1.15 -0.021 2.22
209.1 -1.95 -0.074 3.42
278.1 -2.60 -0.115 4.40
348.5 -3.45 -0.172 5.67

slope -1.084 X -7.182 X 1.617 X
10·· 10-· 10·'

intercept 3.56 X 7.99 X -1.44 X
10-' 10- 2 10. 1

correlation 0.9990 0.9983 0.9991

a Amount of triphenylene introduced is 38.1 ng.

FJgure 4. Chromatograms of chrysene and benz[a ]anthracene.
Wavelengths used: 266.5 and 288 nm. Curve A: chrysene. 306 119.
benz[a ]anlhracene. 190 n9: Curve B. chrysene. 306 n9: benz[. 1­
anthracene. 379 ng; and Curve C, chrysene. 306 ng; benz[s J.
anthracene. 474 n9

evaluated and tabulated in Table II. If this parameter is
plotted against th.t concentration of chrysene, a straight line
is again constructed. This line will pass through the origin
with a slope equal to (bo/f)' !'Y,I1, -1',,8,] as predicted from

ANAlYTICAl CI£MISTRY, VOL 51, NO.2, FEBRUARY 1979 • 211

Equation 7. This line may serve as the calibration curve for
the quantitization of chrysene in an unknown sample.

The same calibration procedure can be applied to trio
phenylene in the presence of chrysene or to other binary
mixtures such as chrysene and benzanthracene even though
the components are nonresolvable in the conventional manner
(Figure 4, A and B). Computer simulations demonstrate that
this llip-over is often possible unless the two components have
identical elution profiles.

It is most convenient to measure s peak height or valley
depth when the peak and valley are of comparable size.
However, in most times. particularly in real sample analysis,
the interfering component may be much more concentrated
than the component of interest. To overcome this problem,
one can either use a standard addition method to enlarge the
peak size of that component or choose wavelengths such that
the ~A of the interfering component is partially, if not
completely, diminished without giving up too much sensitivity
for the component of interest.

The Aminco DW2 spectrophotometer has the highest
sensitivity range of 0.005 absorbance unit. We have been using
the full·scaIe range of 0.1 and 0.05 throughout this work. With
these ranges, we can easily quantitize triphenylene, chrysene,
and benzanthracen at the SO·ng level or less. We expect that
1-5 ng of these PAH can be determined in the presence of
their mutual interferences with the present setup. The limit
of detection can be lowered if the absorption light path is
increased. This is advantageous because post·column mixing
is not as critical in this method as in the other detection
techniques. The volume of the flow cell can be enlarged
without seriously affecting the quality of the chromatogram.

Although the basic principles of this method were developed
hased on Gaussian profiles. components with non·Gaussian
elution can be determined as well.
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Analysis of Gasoline for Antiknock Agents with a Hydrogen
Atmosphere Flame Ionization Detector

M. D. DuPuis and H. H. HIli, Jr••

C)epar1menl 0/ ChemistTy, Washlngtoo Stale University, Pullman, Washington 99/64

A hydrogen atmosphere lIame Ionization detector (HAFIOI,
modified from a convnerclal FlO, Is d.monslrated a. e ....
Jectlve gas chromatographic detector for the determination
01 antI<nock agenIa In gasoline. By a simple one to ten dIuIIon
01 a leaded gasoline, alcylead compounds were delected whh
no Interference from overlapping chromatographic peak. of
hydrocarbon.. The two sample. analyzed In thl••tudy
contained 1.22 and 0.38 glgaJ Pb a. tetraethyllead (TELl.
SImIlarly, methylcyclopentadlenylmangane.e trlcarbonyl
(MMTI, corresponding to 6 mg/gal 01 Mn, could be ea.lly
detected In an unleaded gasoline sample. Detection limit.
ware calculated to be 7,2 X 10.12 g/. of Pb and 1.7 X 10.14

gI. 01 Mn. Optimal operating condllion. are dl.cussed.

The hydrogen atmosphere name ionization detector
(HAFID) introduced in 1972 (1) and subsequently developed
through 1976 (2-5) is a sensitive and selective gas chroma­
tographic detector for organometallic compounds. Minimum
detectable amounts for certain metal containing compounds
extend to the low picogram and sub·picogram range with
selectivities of 10' and 10' when compared to n-hydrocarbon
responses.

Its basic design can be compared to a standard name
ionization detector modified so that oxygen enriched air is
premixed with the column erouents and introduced through
the jet tip while hydrogen doped with small amounts of silane
is introduced directly into the detector housing so that the
name bums in a hydrogen atmosphere. For optimal response,
the collecting electrode is positioned 5 to 7 cm from the name
compared to only 0.5 cm for the FID collector. Response
mechanisms remain unclear but it is believed that the en­
hancement of organometallic response rests with a charge
transfer process between the ions responsible for the name
background current and the organometallics or their com·
bustion products to form a stable ionic species that is capable
of being efficiently collected several centimeters from the name
(4),

Because of the HAFID's simple design and the high sen·
sitivity and selectivity to organometallic compounds, it appears
ideal for routine determination of volatile antiknock agents
in gasolines by gas chromatography.

Alkylleads and MMT are the most common antiknock
agents. TEL has been used commercially since 1920 but in
recent years lead concentration in gasolines has been restricted
because of environmental concerns. Since the passage of the
Clean Air Act in 1970, maximum e110wable lead concentrations
in gasolines have dropped continually from 2.5 g/gal in 1970,
to 2 g/gal in 1974, to 1.25 g/gal in 1977,0.8 g/gal in 1978 with
a new goal of 0.5 g/gal by October 1979 (61. As the use of lead
was restricted, other organometallics were substituted. The
most successful of these substitutes is MMT (7). One gram
of Mn as MMT is as effective in improving octane rating as
3.22 grams of Pb as TEL. MMT has been used as the an·
tiknock agent in many unleaded gasolines but since low levels
of manganese in the atmosphere may lead to chronic man·
ganese poisoning and since buildup of MnJO, deposits may
decrease efficiency of catalytic converters, it has recently been

banned. It is still added to some leaded gasolines and is also
used as a fuel oil additive. Wherever this antiknock agent is
allowed, sensitive analytical methods will be necessary to
routinely monitor and ensure compliance with legal con­
centration limits.

One common method for the determination of antiknock
agents has been to couple various spectroscopic units with a
gas chromatograph. Coker (8) reported a gas chromatogra­
phy/atomic absorption spectrometry technique for alkylleads
in which he could analyze a sample in 5 min with a detection
limit of 0.2 ppm lead, a value, he points OUl., suitable for
determining trace lead in unleaded gasoline. Uden et al. (9)
recently repqrted a technique for MMT with a detection limit
of 3 ng of Mn utilizing a direct GC interface to an argon
plasma emission detector. Alkyllead has recently been de­
termined in the atmosphere with a GC·micrO\vave plasma
detector by Reamer et al. (10).

Other GC detection methods that have been investigated
for alkyllead analysis include several electron capture pro­
cedures (11-13), a name ionization method which requires a
complicated separation and derivation step (14), and a di­
thiozone spectrophotometric technique (15, 16).

Potential of the HAFID for use as an antiknock detector
has been pointed out by Hill and Aue. Their detector had
a selectivity for tetraethyllead over dodecane of 10' with an
MDA of 51 pg TEL injected (4). They showed a chroma­
togram where a peak for TEL could be easily detected in an
injection of gasoline diluted 1 to 100 in hexane (5). MMT
response has never been characterized in the HAFID.

The purpose of this study is to construct an optimized
HAFID from a FID design different from any previously
reported, to compare detection limits, response selecti,ity, and
calibration curves for tetraethyllead with those obtained in
earlier work, to report response characteristics of MMT, nnd
to demonstrate the HAFID as a selective detector for an­
tiknock agents in gasoline.

EXPERIMENTAL
HAFtD Design. The HAFIU cunstructed fur this work was

a modification, similar in design to the HAFIO reported in ref.
4, of one uf the FID units from a Hewlett-Packard dual FID
system (Model 18812A). 10 this design, illustrated in Figure 1,
the base of the original FID was unmudifiod but the Fill electrode
and mounting were substituted with a stainless steel cap can·
wining a colleding electrode and an ignitor. The collector, the
terminal pin of 8 coaxial bulkhead fitting, screwed into the
stainless lSteel cap so that the pin was 53 mm above the jet tip.
The original jet tip (0.5-mm i.d.) was buwd to an internal diameter
uf 1.5 10m. Two 1.5-V Ray-D-Vac 900 Hobby balleries pruvided
the current to a KB·15 glow plug for detE"Ctor i~ition. Ions were
collected with a -90 V potential supplied from an Eveready no.
490 battery placed between the pin electrode and a Keithley Model
417 picoammeter. After amp~fiC8tion, the signal could be recordod
directly with a Sargent-Welch Model XKR strip chart recorder
or channelod via a Hewlett-Packard Mudelll!871A AID converter
for print out and peak integration with a Hewlett·Packard 18850A
terminal. The final modification was to interchange the air and
hydrogen lines from normal FlO operation.

Detector Conditions. HAFID. Detector temperature was
maintainod at 250 ·C. The total hydrogen gas now was held
constant at 1600 mL/min and for optimal response was doped
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FI9ure 2. HAFIO and FlO analysis of alkY'eads In gasoUne. (a) FlO
tracing of a reg....r grade gasoline. (b) FlO tracing of a premlun grade
gasoline. (e) HAFIO tracing 01 a regular grade gasoline. (d) HAFIO
tracing of a premium grade gasoine. C!Yomatographlc con<ItIons: He
(carrier gas) = 20 rrUrm. iljection temperattre = 225 ·C. !erJ1lerll1ln
program: 30°C lor 5 min. 20 °C/min. 120°C lor 5 min. CoIwm
= 6 ft X '1,1n. 0.d.(2-mm i.d.) borosilicate packed with 80/100 mesh
lRtra-bond 20 M. Detector conditions: HAFID-H, = 1600 mlIrm,~
=34 ppm, 0, = 150 mL/min. air = 120 mL/min, temp. = 250 ·C.
FIO-H, = 30 mL/min, air = 240 rrL/min, lemp = 250 ·C

0.5 ~L of the diluted sample and temperature programming the
column frnm 30 ·C held for 5 min to 120·C held for 5 min at
a rate of 20 ·C/min. MMT analysis was accomplished by injecting
0.25 ~L of the gasoline directly into the column held isothermally
at 140 ·C. Both FID and HAFID detection methods were used
for each sample under identical chromatographic conditions.

RESULTS AND DISCUSSION
Figure 2 demonstrates the effectiveness of the HAFID for

analysis of gasolines for alkylleads witb several illustrative
chromatograms. Chromatograms a and b are respective FID
tracings of a regular grade and a premium grade gasoline. The
complexity of these chromatograms caused by the FID's
sensitive response to numerous hydrocarbon components I

masks the alkyllead peaks and makes analysis impossible.
Chromatograms c and dare HAFIO tracings of the same
samples under identical chromatographic conditions juxta­
posed with the appropriate FlO tracings. Alkyllead peaks
contain little or no interference from hydrocarbons making
them easily identified and quantified from standard•.

Results for MMT were similar to those for alkylleads.
Figure 3a shows MMT detection in a sample or unleaded
gasoline while Figure 3b illustrates the difficulty of a FlO
analysis for the same sample and under the same chroms­
tographic conditions. Figure 3c is a chromatogram obtained
with the HAFIO for a gasoline sample not containing MMT
while Figure 3d is of a 25-pg MMT standard. Note that the
retention time for the standard does not correspond with a
detectable peak in the FlO tracing.

The minimum detectable amount (MDA) of 30 pg obtained
for tetraethyllead compares favorably with that of 51 pg
reported earlier (4). The detector's minimum detectable limit

F~ure 1. HAFlD modified from a Hew~tt-Packard FlO. Air enriched
with O2 Is passed down the outside of the jet through an orifice not
pictured above and mixes with the GC effluent at the column exit

with 34 ppm of silane by mixing proper proportions of pure
hydrogen (Airco Specialty Gases, Santa Cruz, Calif.) and hydrogen
doped with 100 ppm silane (Airco Specialty Gases, Santa Cruz,
Calif.). Air, 120 mL/min, was enriched with 150 mL/min of
oxygen before entering the jet tip.

FID. Detector temperature was maintained at the same
temperature as the HAFID. Flow rates used were those rec·
ommended by the manufacturer: Hydrogen, 30 mL/ min and air,
240 mL/min.

Standards and Samples. TEL (lCN Pharmaceuticals, Inc.,
Plainview, N.Y.) was diluted in hexane to produce standard
solutions at concentrations of 10 ~g/~L, 1 ~g/~L. 100 ng/~L. 10
ng/J,lL, and 1 ng/J,lL. Each concentration was scaled in a 25-mL
screw cap glass sample tube with an aluminum foUliner and stored
at 5°C. They were warmed to room temperature before usc. TEL
was the only alkyllead standard available for use in this study.
Penks for tetramethyUead (Me,Pb), trimethylethyUead (Me,EtPb).
dimethyldietbyllead (Me,Et,Pb), and triethylmethyllead
(Et3MePb) were identified from retention patterns reported in
earlier work (8, 11. 16).

MMT (Alfa Division, Ventron Corp., Danvers, Mass.) standards
were diluted in iso-octane to concentrations decreasing by a factor
of 10. The concentrations ranged from 10 ~g/~L to 10 pg/~L.
Because MMT undergoes light induced decomposition, standards
were kept in brown bottles and were prepared fresh each day.
Dodecane was used to characterize the HAFID response to
hydrocarbons for determination of detector selectivity. A solution
of 500 ng/~L was prepared in hexane.

Gasoline samples were collected in brown glass bottles from
local service stations, transferred to the laboratory, and analyzed
as soon as possible.

Chromatographic Conditions. General. A Hewlett-Packard
5830A gas chromatograph with dual FID detection (one modified
to HAFID) was used throughout this study. The column, 6 ft
X '/, in. o.d. (2·mm i.d.) borosilicate packed with 80/100 mesh
Ultra·Bond 20 M (RFR Corp., Hope, R.I.), was interchanged
between detectors. The injection port temperature of 225 °C and
the carrier gas flow of 20 roL/min of helium remained the same
throughout the study.

Silane Optimization. Injection of 1 ng MMT and 5 ng TEL
was repeated as the silnne mixing ratio with hydrogen was varied
from 5 to 60 ppm. The total hydrogen now was held constant
at 1600 mL/min. Column temperature for MMT was 140·C and
for TEL was 90 ·C.

Calibration Curves. Under optimal silane doping conditions
of 34 ppm, calihration curves were obtained from TEL and MMT
standards with the same isothermal column conditions used for
sHane optimization. Selectivities of these compounds were
calculated by comparing the 5 ng TEL response and the 25 pg
MMT response to that response obtained for 500 ng of dodecane.

Sample Anolysis. Gasoline samples analyzed for alkylleads
were diluted 1 to 10 with hexane in order not to saturate the
detector with lead. The analysis was accomplished by injecting

HAFIO

.
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FIgIn 3. HAFID and FlO analysls of MMT In gasoline. (a) HAFID tracing
of a nonleaded gasoline conlalning MMT. (b) FlO tracing of gasoline
sample used In a. (c) HAFIO tracing of norieaded gasoline not containing
MMT and (d) HAFID treeing of a 25·pg slandard of MMT. Conditions
arG the same as In Figure 2 except column temperature was held
conslant at 140 'c

FIg",_ 4. Calibration curves for MMT and TEL

(MDL) for TEL was calculated to be l.l X 10-11 g/s or a MDL
for Pb of 7.2 x 10-12 g/s. MMT produced a more sensitive
response than TEL with a minimum detectable amount of
200 fg and a detection limit of 6.6 X 10-1< g/s for MMT or
1.7 X 10-1< g/s when calculated for Mn. Detection limits for
Mn-eontaining compounds have not previously been reported
for the HAFID. Selectivities, calculated for dodecane, were
comparable to those reported for the earlier models (4).

Quantitative data could be interpolated easily from the
calibration curves shown in Figure 4. All points, except one,
feU within 10% of the standard curves. TEL was determined
to be present at a concentration of 1.90 g/gal (1.22 g of Pb/gal)
in the regular gasoline and at 0.60 g/gal (0.38 g of Pb/gal) in
the premium sample. As expected, the amount of MMT found
in the unleaded gasoline was considerably lower than TEL
concentrations found in the leaded gasolines with a value of
24 mg/gal for MMT (6 mg/gal for Mn). These concentrations
are about 10 times less than the maximum allowed (62.5 mg
of Mn/gal). Since MMT decomposes readily, the Mn value
obtained with this method accurately reflects the level of active
antiknock agent but does not necessarily represent the total
Mn concentration in the sample.

'I
~ /~~OO'MM'~ ~

1
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Figure 5. Optimization of silane in hydrogen

Although calibration curves were linear on a log-log scale,
their slope exceeded 1.0 indicating that the response was not
a linear function of concentration. Specific geometrical design
characteristics or thermal decomposition in the injection port
may be a cause of nonlinear response. but further investi·
gations ore required before definite explanations can be
proposed.

Construction of the HAFlD on the H.P. 5830A was carefully
patterned after an earlier model built on a Bendix 2500 (4),
but three design characteristics were noticeably different.
First, since both HAFIDs were constructed by modifying FlDs,
internal diameters differed as dictated by original FlD designs.
The Ld. in the reaction zone of the HAFlD on the H.P. in­
strument was 10 mm compared with 32 mm for the Bendix
instrumenL No experiments have been performed comparing
internal diameter variations, and it is not clear what effects
these changes have on response. Second, the platinum loop
electrode was substituted with the terminal pin of an Am­
phenol. coaxinl connector. Cursory comparisons of the pin
head electrode and a platinum loop electrode indicate that
electrode shape does not affect response.

The location at which hydrogen was introduced into the
detector is the third and a most important design variation.
In the model of this study (see Figure I), hydrogen enters the
detector 21 mm above the jet tip as a stream perpendicular
to the exiting gases from the flame. In the detector on the
Bendix unit, hydrogen was introduced beneath the jet through
diffusers so that a laminar hydrogen now passed by the name.
This difference is believed to be the primary reason the
optimal silane doping concentration was significantly higher
than in the earlier model. Figure 5 shows the response of I
ng of MMT and 5 ng TEL as a function of the mixing ratio
of silane in the hydrogen gas with an optimal value for both
compounds of 34 ppm. The optimum in the earlier detector
was 5 ppm and compares favorably with 7 ppm obtained for
a newly constructed detector (not discussed in this paper) in
which hydrogen is also introduced beneath the name jet.
When hydrogen is introduced below the name, silane is
transferred to the flame with the hydrogen flow; but when
silane is introduced above the flame, it first contacts com­
bustion products from the name. The higher requirement for
silane could then be attributed to reactions with H20, O2, and
other gases in the exhaust, reducing its effective concentration
in the atmosphere.

As is obvious from this discussion, many questions are still
unariswered concerning the mechanism of this enhanced metal
ionization response. How is the doping gas transferred to the
reaction zone? Why is the doping gas necessary? Do other
doping agents exhibit similar effects? What is the ionic species



that is collected 53 mm from the flame? Is detector geometry
of paramount importance? Yet, for practical analytical
purposes, it is simple and inexpensive to modify virtually any
commercial flame ionization detector to a dependable selective
organometallic detector. Hydrogen doped with the appro­
priate amount of silane can be purchased from many of the
gas supply houses. For routine operation, the only major
disadvantage is the large volume of unburned hydrogen which
requires an efficient hood system for venting the exiting gases.
Hydrogen. however, is used in chromatography 8S a carrier
gas and in the flame photometric detector as a detector gas.
\Vhen compared to atomic absorption spectrometers and
microwave emission detectors with their associated expense
and respective flame flashback and high voltage hazards, the
HAFID appears to be an attractive alternative for GC de­
tection of organometallics and especially for the determination
of antiknock agents in gasolines.
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Simultaneous Determination of Americium and Curium in Soil

Michael H. Hiatt" and Paul B. Hahn

u.s. Environmental Protection Agency, Office of Research and Development, Environmental Monitoring and Support Laboratory. P.O. Box
15027. Las Vegas. Nevada 89114

A method Is presented lor the routine determination 01 am·
erlclum and curium In 10 g 01 soli. The soli Is dissolved with
a mixture 01 nitric acid and hydrofluoric acid. Insoluble suIlates
and phosphates are metatheslzed with boiling sodium hy·
droxlde solutions. Plutonium and Iron are sorbed on anion·
exchange resin Irom 9 M hydrochloric acid alter which the
plutonium can be eluted and lurther purified lor electrode­
position. Americium and curium are purllled by catlon-ex·
change and IIquld-llquld chromatography. Mean recoveries
01 americium and curium were 58% and 56%, respectively,
lor prepared solt samples. The minimum detectable activity
lor the Individual nuclides Is 0.002 pCl/g. For americium and
curium activities 01 0.1 to 1.0 pel/g, the relative standard
deviations lor replicate analysis ranged Irom 3 % to 8 %. The
devlatlona 01 the means Irom their known values were gen­
erally within ±3%.

The increasing demand to monitor a-emitting nuclides near
nuclear facilities has led to the development of different
methodology for analysis of environmental soil samples (1-8).
In this study it was desired to develop a method to determine
americium and curium in lO-g soil samples which could be
combined with existing methodology to determine plutonium.
Although solvent extraction techniques have been extensively
used for the isolation and purification of the actinide elements
(3,5,6), this method employs ion-exchange techniques as this
laboratory's experience has shown that far less manpower is
required to routinely process large quantities of samples by

column chromatography. An additional consideration was a
reluctance to use large quantities of volatile organic solvents
whose use may be deemed potentially hazardous.

The IO-g soil samples are dissolved with nitric and hy­
drofluoric acids (8). The sodium hydroxide metathesis and
ammonium hydroxide precipitations render the sample soluble
in strong hydrochloric acid where plutonium can then be
isolated by anion-exchange chromatography (7).

Cation-exchange chromatography is used to separate the
alkaline earths from the americium-curium fraction by using
dilute hydrochloric acid eluents. Remaining trace contam­
inants are dramatically removed by using strong petChloric
acid washes.

Americium-243 was used to trace both curium and am­
ericium in soil samples which were spiked with americium-24I
and curium·243, -244. As fractionation between the ameri·
cium-243 tracer and the curium spike was not observed, a
curium nuclide is not necessary to trace in-situ curium when
using this method. For environmental concentrations, in­
terference from other transplutonium actinides is not con­
sidered to be a problem.

EXPERIMENTAL
Teat Samples. The soils analyzed were prepared by adding

spikes of americium-241 and a mixture of curium nuclides, cu­
rium-243 and curium-244, to 100g a1iquots of standard plutonium
soils. The nuclides added were previously calibrated by evap­
oration and 2~ counting (9).

The standard soil samples contained plutonium in a refractory
form and were also analyzed for plutonium to demonstrate that
the dissolution procedure would solubilize and equilibrate re­
fractory actinides with soluble tracer. The standard plutonium

This artJcIe not subject to u.s. CopyrIg1t. PuI>Ished 1979 by tho AmerIcan ChemIcaI SocIety
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0.720

0.288

0.576 .

known
activitY,a

pCi/g

0.144

pnrtinn of 6 rVI hydrochloric acid and collect the effluents in a
;)O-mL beaker.

H.are Earth Separation. HemO\'e the rare earths by the
extraction chromatog:raphy method of Filer (I 2) using di·
ethylenetriaminepentaacetic acid (DTPA) eluents with a column
of bis(2-ethl'lhexyl)phosphoric acid (HDEHP) supported on Tee
Six powder (A"alahs, Inc.. Hamden. Conn.). Add 20 mL 16 M
nitric acid, 10 mL of 12 M perchloric a<:id and 1 mL of 18 M
sulfuric acid to the DTPA eluents containing the americium and
curium and evaporat.e the solution to sulfuric acid fumes and
proceed with the ~Iectrodeposition.

Elcctrodeposition. Add 3 mL of distilled water to the fumed
solution and heat gently on n hot plate. Transfer the solution
to on electrudeposition cell and rinse the beaker with two 3-mL
aliquots of 1:99 5ulfuric acid. Adjust the resultant solution to the
straw colored end point of thymol blue (pH 2-2.3) using ammonia
vupors from an adapted wash bottle (in5ide stem removed)
containing ammonium hydroxide. Elcctrodeposit at 1.1 A for 60
min (13).

Table I. Americium-241 Results

results," pCi/g

0.134 1 0.008
0.16810.008
0.1561 0.010
0.1471 0.008
0.14310.008
0.1551 0.010
0.144 1 0.008
0.14710.008
0.12710.007

average 0.147:!. 0.012c

0.292 , 0.012
0.286' 0.012
0.277 , 0.014
0.2861 0.012
0.308, 0.014
0.3051 0.014

average 0.2921: 0.012c

0.5831 0.019
0.6091 0.026
0.570, 0.020

average 0.587 1 0.020<

0.6461 0.021
0.6781 0.021
0.714, 0.026

average 0.6791: O.034 c

a Prepared by spiking 10 g of blank soil with americium·
241 calibrated by evaporation and 2/1 counting. b 1a
counting uncertainty. C Standard deviation of replicate
determinations.

RESULTS AND DISCUSSION

Results of the analyses performed on IO-g soil samples
cont.aining known quantities of americium-24I and curi­
um-243, -244 are presented in Tables I and II. The results
of the multiple analyses agreed with the established values
and no systematic errors were cvident. Yields ranged from
42% to 67'70 for the americium·243 traccr. Relative standard
deviations ranged from 3% to 8'70 for replicate americium and
4% tu 7% for replicate curium determinations. Deviations
of the means from the known values ranged from -j)% to +2%
for americium and -7% to -0.1 % for curium. As there was
no evidence of fractionation between americium and curium,
americium-243 is a viable tracer for curium using this method
for soils.

The equilibration of the soluble plutonium-236 tracer snd
the refractory plulonium-239 in the soils is shown by the

soils were prepared by adding a known amount of plutonium-239
to 200-mesh soil, muffiing at 700 ·C for several hours, pulverizing,
and blending with blank aoil (la, 11).

The analyses were traced with americium-243 and plutoni­
um·236 tracers, also calibrated by evaporation and 2r counting.

Soil Dissolution. Add americium-243 tracer to 10 g of soil
in a 250-mL TFE TeOon beaker. Add 60 mL 16 M nitric acid
and 30 mL 29 M hydroOuoric acid and digest on a hot plate with
occasional stirring for 1 h. Remove beaker from hot plate and
add 30 mL each of 16 M nitric acid and 29 M hydroOuoric acid
and continue digesting on a hot plate for I h. Remove the beaker
from the hot plate and allow to cool. Cautiously add 20 mL of
12 M hydrochloric acid and continue digesting on a hol plate for
45 min. Add 5 g of boric acid and continue digesting for 15 min.
Add 200 mg sodium bisulfate and evaporate the solution to an
approximate volume of 10 mL (8). Neutralize the solution with
the addition of 33'70 sodium hydroxide. Add 15 g of sodium
hydroxide pellets, cover the TeOon beaker, and boil for I h to
metathesize insoluble sulfates and phosphates. Cool the solution
and transfer to 8 5OO-mL pyrex centrifuge bottle and centrifuge.
Discard the supernate and swirl the precipitate with 50 mL of
distilled water and I g of boric acid. Acidify the slurry with 30
mL of 16 M nitric acid and allow to reflux on a hot plate for 0.5
h. Cool and adjust the pH to 9 with 14 M ammonium hydroxide.
Centrifuge and again discard the supernate. Dissolve the resulting
precipitaw with 12 M hydrochloric acid and repeat both sodium
and ammonium hydroxide precipitations using just enough 12
M hydrochloric acid to redissolve the precipitates {omit the
addition of boric acidl. Adjust the final solution to 6 M hy­
drochloric acid by adding an equal volume of 12 M hydrochloric
acid and evaporating the solution to a volume of 40 to 50 mL.
Cool and again add 12 M hydrochloric acid equal to the aolution
volume to adjust to 9 M in hydrochloric acid for the suhsequent
anion-exchange separation.

Anion-Exchange Separation. Pnss the 9 M hydrochloric acid
sample solution obtained from the dissulutioll through an Oll­
ion-exchange column as described by Talvitie (7). Save lhe 9 M
hydrochloric acid eluates (sample and three washes) for further
americium and curium purifications. Talvitie's methud can he
continued for 8 plutonium determination.

Cation-Exchange Separation. Evaporate the 9 M hydro­
chloric ocid eluates from the anion-exchange separation to 50 mL.
Cool and transfer to a 250-mL centrifuge bolt Ie. Adjust the pH
to 9 with 14 M ammonium hydroxide. Centrifuge nnd discord
the supernate. Dissolve the precipitate with 8 mL of 12 1\1
hydrochloric acid, add 5 drops of 30'70 hydrogen peroxide and
heat for 15 min. Allow to cool and dilute to n volume of 200 mL
with distilled water.

Prepare a l.4-cm Ld. column containing 2-1 mL of Bio-Had
50W·X4, 50- to lOO-mesh cation-exchange resin and condition
with 100 mL of 0.5 M hydrochloric acid at a Oow rate nf6 mL/min.
Pass the 2oo-mL dilute hydrochloric acid sample through Ihe
column at a rate of 3 mL/min nnd discard the effluent. Rinse
the centrifuge bottle with an additional 25 mL of 0.5 M hy­
drochloric acid, pass the rinse through the column, and discard
the ernuent. Eluw alkaline earths and titanium with 200 mL of
1.0 M hydrochloric acid containing 2 drops 30% hydrogen
peroxide and discard. Elute the americium and curium with 80
mL of 9 M hydrochloric acid and collect the eluate in a 100-mL
beaker. Evaporate the solution to dryness, and dissolve the residue
with 3 mL of 6 M hydrochloric acid; heat on a hot plate and allow
to cool.

Prepare a 0.7·cm Ld. column containing 2.7 mL of Bie-Red AG
5OW·X4, 100- to 200-meah resin in 0.5 M hydrochloric acid.
Condition the column with 20 mL of 0.5 M hydrochloric acid.
Dilute the americium and curium solution to 40 mL with distilled
wawr and pass the solution through the freshly prepared cation
ion-exchange column at the maximum flow rate. Discard the
effiuent. Rinse the beaker with consecutive 10- and 5-mL portions
of 0.5 M hydrochloric acid and pass the rinses through the column.
Discard the effluents. Elute any remaining iron with two suc­
cessive 5-mL portions of 1.0 M ammonium thiocyanate foUowed
by two successive 10-mL portiona of 1.0 M hydrochloric acid.
Remove the remaining non-rare earth impurities with successive
15- and 20-mL, 8.0 M perchloric acid washes. Elute americium,
curium, and rare earth metals with one 10-mL and one 5-mL
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The addition of tbe sodium hydroxide metathesis step resulted
in the complete dissolution of americium prior to the an­
ion-exchange separation.

The ammonium hydroxide precipitations are necessary to
remove significant portions of calcium generally found in soil
samples. If significant qUllntities remain, calcium may
precipitate as a chloride in the 9 M bydrochloric acid solution
and inhibit tbe anion-exchange separation. In IO-g soil
samples, the concentration of alkaline earths still remaining
after the ammonium hydroxide precipitations is still great
enough that cation·exchnnge separations are necessary to
eliminate alkaline earth contamination in the final ameri­
cium-curium electrodeposition. The alkaline earth removal
is accomplisbed by the 1.0 M hydrochloric acid washes in the
cation-exchange separations (15).

Tbe efficiency of the hydroxide precipitations for con­
centrating americium and other actinides of interest was
determined by spiking 10 g of background soil, dissolving the
soil as described, and analyzing tbe decanted supernates from
the various precipitations. Values reported in Table IV are
percentages lost to the supernates. Initial spikes were ap­
proximately 10 nei. Attempts were not made to prevent
absorption of carbon dioxide in tbe sodium hydroxide solutions
and absorbed carbonate anions could account for the high
uranium losses observed. The losses for tbe otber nuclides
were found to be minimal.

Sorption characteristics of the elements on cation-exchange
resin in perchloric acid (15) suggested the use of 8 M perchloric
acid wa~hes to remove any remaining interferences since only
a few clements besides the rare earths and actinides are sorbed
from sucb a solution. Tbe use of these washes was found to
increase recoveries and dramatically increase a spectral
resolution.

The concentrations of rare earths encountered in lO-g soil
samples can also cause spectral resolution to diminish. In
previous analyses, the rare earth concentrations were so great
in many samples as to deposit a I-mm thick layer of rare earth
oxides on the planche!. For this reason, the removal of rare
earths by liquid-liquid extraction chromatography using
HDEHP-treated Teflon columns is considered necessary for
soils (12).

Preliminary evidence bas demonstrated that the metbod
may be useful for the analysis of other types of environmental
samples. Biological samples can be prepared for this method
by ashing, dissolution in hydrofluoric acid-nitric acid, and
precipitating tbe actinides witb ammonium hydroxide. The
sample can tben be dissolved in 9 M hydrochloric acid and
processed by continuing with tbe anion-exchange separation_
Water samples can be analyzed by this method with an initial
ammonium hydroxide coprecipitation utilizing an iron carrier.
Wben the volume of the precipitate is large, the sample can·
be treated like the IO-g soil sample. Wben the amount of
precipitate is small, tbe hydrofluoric acid-nitric acid disso-'
lution can be abbreviated and subsequent hydroxide pre­
cipitations eliminated. Glass fiber air filter samples can be
treated identically to the soils witbout appreciable differences
in the yields. Non-soil samples do not require the rare earth
separation.

6
9
6

runsrcsult!f

resulls,b pCi/g

0.0489, 0.0046
0.445 , 0.031
2.50! 0.16

0.192' 0.010
0.231 , 0.010
0.232, 0.012
0.219 , O.Oll
0.216,0.010
0.207, 0.010

average 0.216, 0.015c

0.138

1.09

Table III. Refractory Plutonlum-239 Results

known
activity,

pCi/g

0.0509
0.464
2.60

a Standard deviation of replicate determination.

Thble II. Curium-243 and Curium-244 Composite Results

known
activitY,a

pCi/g

0.219

determinations of plutonium-2:J9 reported in Table III. These
results demonstrate the solubility of the refractory actinides
using the nitric acid and hydrofluoric acid soil dissolution.

Ten grams of soil has been chosen as an adequate sample
size for the desired sensitivity and to minimize discrepancies
due to the particulate nature of actinides in some soils (JO,
14). The bydrofluoric acid-nitric acid dissolution of 10 g of
soil results in a cumbersome salt burden. An actinide·con·
centrating precipitation, such as ferric hydroxide, is necessary
to remove salts enabling ion·exchange chromatography in a
moderate size column.

The hydroxide precipitations were found to be necessary
to aid the dissolution of insoluble actinides and to remove large
quantities of interfering cations and salts. Additional in·
vestigation sbowed tbat withoot use of tbe sodium bydroxide
precipitations, americium-241 (0.06 MeV "y) was found in
undissolved residues from tbe original dissolution by Ge(Li)
"counting. Furtber analysis of such residues by X-ray
diffraction detected sulfur at significant levels suggesting tbe
presence of insoluble sulfates wbicb would carry the actinides.

0.387,0.017
0.389' 0.018
0.395,0.016
0.409, 0.015
0.432, 0.018
0.427 , 0.018

av~rage 0.406 ! O.019c

1.035 , 0.030
1.156, 0.013
1.076, 0.033

average 1.089!. O.062c

a Prepared by spiking 10 g of blank soil with a mixture
of 14JCm + ,uCm calibrated by evaporation and 21T coun­
ting. b 10 counting uncertainty. C Standard deviation of
replicate determinations.

Thble IV. Analysis of Hydroxide Supemates

1st 2nd total 1st 2nd total

201PO 0.4 1.0 1.4 0.5 0.9 1.4
211PU 0.4 0.2 0.3 0.0 0.0 0.0
l41Am 0.1 0.2 0.3 0.1 0.1 0.2
)]oTh 0.5 0.3 0.8 0.0 0.0 0.0
2"Np 0.1 0.4 .05 0.8 0.3 1.1
2nU 8.3 27.3 35.6 0.1 0.2 0.3

sodium hydroxide supernates, % ammonium hydroxide supernates, % combined
supernates.

%

2.8
0.3
0.5
0.8
1.6

35.9
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The minimum detectable activity for an a peak region with
a 0,003 cpm background and a detector with 22% counting
efficiency is 0.01 pCi for a lOoo-min counting time. A 10·g
sample with a 50% chemical yield would then give a 0.002
pCi/g minimum detectable limit for an americium or curium
determination.
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Regression Line That Starts at the Origin

Sir: When analytical results for experimental measure·
ments of a dependent variable. y, are theoretically obwined
with an independent variable, x, it is customary to calculate
the "best straight line" using the equation

y = a + bx (I)

through the region of experimental points by the method of
least squares, where a is the intercept on the y axis (I). A

However, theoretical, graphical representation of some
analytical measurements. especially Beer's law. consists of a
6traightline that begins at the origin. In spectrophotometry. a,
thi8 would be expected to occur if corrections have been
carefully made for blank absorptions and cell differences.

In view of this contradiction, it would seem appropriat.e,
for a system that has been well tested, to determine instead
the best straight line through the experimental points,
commencing at the origin:

This will unavoidably reduce the precision slightly, but could
increase the accuracy. If forced to choose, most analytical
chemi8ts would place accuracy above precision.

The derivation of the method for calculating such a best
straight line is considerably simpler than that for the de­
termination of 0 and b. Following the same procedure as for
the more general case, the sum of the squares of the deviations
of each value Figure 1. Distribution of absorbances for two sets of rice and the best

straight line through the odgln common to both sets. (0) Brown rice.
(e) Milled rice

y = bx

y/ = bXj

(2)

(3)

0.1

al ..Nil_ al 0.3

Though S is a measure of the total deviation of points from
the best line, it is more common to use the standard error of
estimate

which puts it on an individual basis like standard deviation.
A practical application of the proposed procedure is given

by some analyses that are part of a paper being submitted to
another journal for publication (2). Each of eight samples of
brown rice was divided into two parts; one part was milled,
the other left unmilled. The sixteen samples were then

from Yi will be

S = ~(yi - bXi)' (4)

= ~(),? - 2bxO'i + b'x;') (5)

Taking the derivative of S with respect to b, setting it equal
to zero for a minimum, and solving for b,

as/ab = ~(-2.r;)'i + 2bxi') = 0 (6)

b~x? = ~X;)'i (7)

b = ~x;)';/~x? (8)

S, = vS/(n - 2) (9)

0003-2700179/0351-0298$01.00/0 <e 1979 American Cl1emlcaI Society
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Table I. Comparison of Ab80rptlvitlea of Two Seta of
Solutlona Calculated from the Beat StraIght Linea and
from the Beat Straight Unea through tha Origin"

brown A = 2.35c - 0.011 0.003 A = 2.30c 0.003
milledb A =2.06c + 0.051 0.008 A =2.30c 0.012

a Cell thickness 1.000 em. b Another publication of
protein determination in brown and milled rice by the
Kjeldahl reaction also shows a larger standard error of
estimate for milled rice (3).

analyzed for total nitrogen by the Kjeldahl method (1.170 to
1.886% N and 1.051 to 1.864% N for the two sets, respectively)
and used to test a procedure developed by the authors for
determining protein nitrogen by the biuret reaction. The
absorbances of the solutions of the copper-nitrogen complex
for the two sets of samples are shown plotted vs. the nitrogen
concentration in Figure 1.

Introducing symbols for spectrophotometry into Equations
1 and 2 gives. respectively,

A = ao + abc

Faculdade de Engenharia de
Alimentos e Agricola

Universidade Estadual de Campinas
Caixa Postal No. 1170
13100 Campinas, S.P., Brasil

The results calculated from the two equationa are ahown in
Table I, the most atriking being the different absorptivities
using Equation 10 (2.35 and 2.06) and identical ones (2.30)
using Equation 11. A slight difference in the two absorptivitiee
might be expected, since the layer removed bY milling oontaina
a small amount of protein that might be different in nature.
However, there should then also be a difference when using
Equation 11, but there is not. Hence, the identity of ab­
sorptivities from best straight lines through the origin
demonstrates the desirability of the proposed method.
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and

A = abc (11) RECEIVED for review May 24, 1978. Aooepted October 30, 1978.

Exchange of Comments: Analytical Methods of Bis(chloromethyl)
Ether in Air

Sir: Since the carcinogenicity of bis(chloromethyl) ether
(BCME) was established, its potential presence in the in­
dustrial environment became 8 grave concern (1-4).

To ascertain its actual existence and level in suspected
industries and to protect the workers from this occupational
hazard, air monitoring is essential. Thus, various quantitative
analytical procedures for BCME have been reported, Among
them BTC:

(A) Direct gas chromatography (GC)
(B) On-Column Concentration-GC. The BCME, together

with some of the other contaminants, is first allowed to adsorb
on the front section of the column at room temperature and
then analyzed at a programmed higher temperature (5).

(C) Adsorber-GC combination. The BCME, together with
some of the other contaminants, is first allowed to adsorb on
the packing in a trapping tube and then thermally flashed onto
a GC analytical column or a set of analytical columns (6, 7).

(D) Adsorber--mass spectrometry (MS) combination. The
BCME, together with some of the other contaminants, is first
allowed to adsorb on the packing in a trapping tube, and then
is thermally eluted into the reservior of a high-resolution mass
spectrometer (8).

(E) Adsorber-GC-MS combination. The BCME, together
with some of the other contaminants, is first allowed to adsorb
on the packing in a trapping tube, then thermally flashed onto
a GC analytical column, and finally the BCME fraction is
gated into a mass spectrometer (9, 10).

The preceding methods are all technically sound and
straightforward in application. They differ in sensitivity,
selectivity, cost of equipment, and requirement for trained
personnel.

In addition to the above methods, there is a unique de­
rivatization method which first appeared in this journal
(Analytical Clu!mistry) in 1975, foUowed by a modified version
a year later (11, 12).

This derivatization method involves the conversion of
BCME, by means of trichlorophenol and methoxide in
methanol, into a derivative which is then to be assayed by GC.
The stock reagent conaists of 25 g of sodium methoxide and
5 g of trichlorophenol in 1 L of methanol. In other words,
methoxide is more than 18-fold in molar excess. The de­
rivative was identified, as stated in the article, as CI3C&1I..
OCH,OCH,OCH" but no spectral or other evidence was given
to substantiate its identity. An 86 to 115% recovery was
reported according to the data in Table II of the original
article. (Data in Table III of the same article ahow an 84 to
160% variation.) No reason was offered for an 18-fold molar
excess of sodium methoxide, in spite of the fact that BCME
undergoes extensive decomposition in the presence of
methoxide, and that it has been used in scrubbers to destroy
HCME. At the end of the original article, a statement was
made to the effect that the sensitivity could be increased 6­
or 8-fold by using stoichiometric quantities of sodium
methoxide and trichlorophenol, with recoveries varying from
82 to 100%. This realization of the basic principle of chemical
stoichiometry did not, however, prompt a re-examination of
the experiments, nor promote a critical evaluation of the
chemistry involved.

The derivatization apparently involves the following
equilibrium:

Both the methoxide and the trichlorophenoxide then react
with BCME and can give one unaymmetric derivative and two
symmetrical derivatives as follows:

0003-2700/79/0351-0299$01.00/0 Ii:> 1979 _ ChoI1'ical SocIoty
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(A)

CI

C)CH,OCH,CI + 2C100NQ

CI

CI CI

C100CH,OCH,OOCI + 2NQCI

CI CI

(B)

(C)

The product distribution naturally depends on the relative
reactivities and relative concentrations of the methuxide and
trichlorophenoxide species. In addition, the decomposition
of BCME in the presence of methoxide is known to he ex·
tensive. The formation of derivative C from BCME and
methoxide is possible but this species is also invisible to an
electron capture detector. The formation of derivative B from
BCME and trichlorophenoxide is expected but is unmentioned
and unidentified in the derivBtizotion mixture in spite of the
fact that it is twice as visible to all electron capture detector
in comparison with derivative A. Furthermore the degree of
decomposition of BCME and the relative extents of formation
of the derivatives, A, B, and C, may be different for different
samples under the crudely controiled conditions. In view of
all t.hese uncertainties, the yield of derivative A alone can
hardly be taken as a measurement of t.he BCME existing in
the air. Nevertheless, an accuracy of 86-115% recovery was
reported. Claims of absence of BeME were positively stated
when t.he tests by this method gnve negllt.ive responses.

A year later, an improved version of the method by the same
author (]2) appeared in this journal. This improved version
involves no chanKc in the df.>rivatizotion procedure. just 8

change in chromatographic conditions. One of the possible
symmetrical derivatives, CI,C.H,OCH,OCH,OC.H,CI, (de·
rivative B), was now identified from the same derivotilotion
medium of 8 known sample in addition to the previously
identified unsymmetrical derivative (derivative A). What
promoted their effort to look for the new product in the same
derivatization mixture were the positive responses of BeME
in three of their experiment., by the original technique, a fact
they could not accept. Since negat ive responses were found
for the new symmetrical derivative in their three experiments
in question, the quantification of BCME is now \<J be de·
termined in terms of this newly found symmetrical derivative
which, as was reported in the article, again gives high reo
coveries. The original unsymmet rical derivot ive which has
been established at 86-115% recovery frum known amounts
of BCME samples is now allributed to the unproved and
unexplained existence of chloromethylal (0) in the following
reaction (J2):

Chloromethylal can conceivable ongonate from three
sources. One is the reaction of BCME and methoxide. It
happens to be the product of the intermediate step in the
formation of either derivative A, or derivative C, or the de­
composition of BCME, all of which originate from the actual
presence of BCME, and therefore it is not a false signal.
Another possible source is from the reaction of formaldehyde,
hydrogen chloride, methanol, and the unisolable chloru·
met.hanol. But it certainly cannot. take place in the basic
derivatizat.ion mix.ture inside an impinger. Putting it in
general terms, while hemiacetal formation is catalyzed by
either acids or bases, the subsequent acetal formation is
catalyzed by acids unly. Mechanist.ically speaking, bases can
do nothing to hemiacetals except attack their hydroxyl
functions, which is exactly the reverse ofhemiacetaJ formation.

R~HOH B [R~HOJ =- RCHO + R'O-
OR' OR'

Only acids can consumate the acetal formation as follows.

rH] [H] H

H+ I • R"OH I • I
iUiHOH = R~OH, = R~OR' ~ R~OR'

OR' OR' OR" OR"
I

H

A third source uf chloromethylnl is iu, pre-existence in air.
Appropriate cont-wl experiments should be run to determine
its presence or absence. In add it-ion, the detection of the ne",'
symmetric derivative (H) in n known sample has not always
yielded the expected response as experienced hy il<; originator
(1:1).

Therefore, the reasoning for this derivatization method for
determination of BCMI--: in air is confusing and chemically
unsound.
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Sir: Vao and Zollinger express their concern about the
derivatization methods for the determination of bis(chloro­
methyl) ether (BCME) in air, the methods in question were
published in AnalYlical Chcmislr)' (1,2). We have carefully
reviewed their comments, specifically with respect to the issues
of concern they have raised.

Because of the carcinogenicity of BCME (3, 4) and its
impact on the environment, extensive research has been
conducted in many laboratories throughout the world. The
development of analytical methods, the study on the stability
of BeME and its possible formation from many sources has
been thoroughly researched in our laboratory over the past
few years (I, 2. 5-12). Vao and Zollinger have reviewed many
analytical techniques that have been developed in the scientific
community to monitor BeME at parts per billion levels in
air for environmental control. However, most of these
techniques require expensive and sophisticated instrumen­
tation that would not be accessible to a small laboratory or
convenient for on-site plant analysis. The derivatization
procedure (I, 2l developed in our laboratory has adequately
met our objectives for a rapid, practical, and reliable analytical
technique.

It is well establishen that the reaction of BCME with
sodium methoxide and the sodium snit of 2.4,6-trichlorophenol
will produce three main derivatives. 2,4.6-trichlorophen·
oxymethy! methoxymethy! ether (Al. bis(2.4,6-trichloro­
phenoxymethyi) ether (Hl (I, 2), and bis(methoxymethyi)
ether (Cl. All these pronucts were confirmed by both mass
spectrometry and nuclear magnetic resonance (13).

(A)
r I r I

CI---©toCH20CH7°frCI
C I (I

(B)
CH~::CHz JC H20Ct~:3

(e)

The distribution of these products in this reaction depends
on the relative reactivity of BeME and concentration of
phenoxide and methoxide species. \Vc nlgn realize from the
chemistry of this reaction that 100% conversion of BCME to
any single product is impossihle. However. for a reliable
analytical procedure, the reaction products need not be
stoichiometric, but the percent conversion must be constant
and reproducible relative to the amount of the particular
product being determined. In respect to derivative AI ref·
erence 1 clearly shows the linearity of the procedure relative.
to the concentration of BCME (Table I) for derivative A. Even
though the absolute conversion of BCME to this derivative
is unknown, it is very reproducible. BeME recoveries of
86-1I5% were obtained utilizing derivative A by comparing
the response from standards of BCME in air to the response
for similar amounts of BCME added to the derivatizing
solution directly. It is not a measure of the percent conversion
of BCME to derivative A. The procedure was further verified
and validated by analysis of prepared vapor standards by the
GC derivative procedure and GC-Mass Spectrometric tech­
nique (5) (Table III, reference I) of the underivatized sample.
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Since the first GC procedure was designed for derivative
A, there was no attempt at this point to determine derivative
B. Later when the above procedure (I) was used on certain
samples, possible interferences were encountered. It was
realized, as previously stated, that derivative B was also
present from the chemistry involved but did not elute from
the GC column under the conditions employed. A different
GC procedure was developed for detecting derivative B. The
linearity of response was determined for derivative B (2) and
a recovery study was carried out as described previously for
derivative A. Again it is not necessary to know the conversion
efficiency of HCME to the products as long as the conveDlion
is reproducible. It has been demonstrated that sensitivity
could be increased by changing the amounts of sodium
methoxide and 2,4,6-trichlorophenol, thus increasing the
conversion efficiency for derivatives A and B relative to the
previous conditions (I). The excess sodium methoxide was
added to form the sodium salt of 2.4,6-trichlorophenol so that
the trichlorophenol would not be extracted into the hexane.
In the improved procedure, the BCME is allowed to react
before addition of NaOH to eliminate any free trichiorophenoL

The derivatizing reagents are used in fixed proportion and
at concentrations many orders of magnitude higher than that
of the BCME present in the sample, and thus a constant
reagent environment is maintained for all samples. and hence
the same product mixture is always produced.

Vao and Zollinger have clearly misinterpreted the role of
the possible interference, chloromethylal, reported in our study
(2). It was pointed out (2) that if chloromethylal were present,
it would be expected to yield the same derivative A as BCME
and thus would constitute an interference. It is common in
trace analytical work to encounter interferences that may be
difficult to identify and whose source is not readily identified.
In fact, the use of the later procedure (2) measures the de­
rivative B for which chloromethylal is not an interference, if
present, and thus provides a more specific determination of
BCME. Chloromethylal is not a main issue.

Vao and Zollinger question the validity of the derivative
method. Factual data that would support their comments or
data that would refute that of the published methods, however,
are not presented. The derivative method for the determi­
nation of BCME has been used successfully by many ana­
lytical chemist.. in our laboratory and others in the scientific
community (14,15). This method has also been recommended
(16) for use by subcommittee 5 of the APHA Intersociety
Committee. Vao himself has evaluated and used the derivative
method quantitatively during an extensive field survey with
many tables of data presented in his final report (17).

The derivatization method is specifically designed to detect
and measure parts per billion HCME in environmental air,
and it has been repeatedly shown to be technically and
chemically sound. We are not aware of any data which do
not support the analytical integrity of the published derivative
methods.
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Thin Carbon Foils for the Elimination of Charging Effects in Proton
Induced X-Ray Emission Spectrometry

Sir: The advantages of ion excitation, particularly proton
excitation in X-ray emission analysis (I) have been debated
at leng1h in the Ii"'rature (2). The most important advantl1/(cs
of ion excitation over electron or X-ray excitation orc the high
cross sections for X-roy emission and the low background
contribution from bremsstrahlung. If the t.arget consists of
8 thin uniform sample. the continuous background radiation
is low, but if the target thickness is increased to such an extent
that the proton beam is stopped completely, a considerable
increase in the background continuum occurs, especially if the
sample is a good insulator. The acceleration of electrons
toward the sample targets that have acquired a positive charge
from the proton beam results in an increase in the background
bremsstrahlung in the 0-20 keY region. The effects of this
increase in the bremsstrahiung on the X-ray emission spectra
are twofold: many subtle fent.ures in the emission spectra are
obscured and the accurate measurement of peak heights or
peak areas for purposes of quantitation is almost impossible.

Several experimental modifications for minimizing the
charge buildup on the sample target and reducing the

bremsstrahlung have been proposed. The evaporation of a
conductor onto the sampic (3, 4) or mixing the sample with
a conducting compound (5) are unsatisfactory becausc the
sample can be readily contaminated. An increase in thc
pressure of the sample chamber has also been shown to be
effective (6), but this also increases the probahility of con·
taminating the sample. The most satisfactory device that has
been used is a hot filament that is positioned close to the
sample target. ~~lcctrons emitted from the hot filament
prevent the accumulation of positive charge on the target.
Commercially avaiJable tungsten filaments, however, were
found to be a severe source of contamination (6, 7). In a
successful modification of this approach, a commercial carbon
filament was clamped between two carbon rods, to form an
"electron gun" and the electrons from the carbon filament
effectively neutralized the charge on the sample target. A
perforated aluminum cap that was maintained at +100 V was
placed over the carbon filament to prevent contamination of
the sample with impurities in the carhon filament (6).

A simple and effectivc alternative to the "electron gun" is

Filler ctnnger

M09net

-1O-6 tOfr
liquid

N2 cooled

Sample
wheel

Faraday cup current

Fig.... 1. Sample chamber showing the posijion of the carboo foil in the proton beam. (The fig",e is not drawn to scale)
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Figure 2. Proton induced X-ray emission spectra of polyethylene with the carbon foil in the proton beam (---) and without the carbon fall (-).
The spectrum In the upper right hand corner is the broken line spectrum between 4 and 8 keV with an expanded vertical axis

the use of thin carbon foils (5-10 ~g/cm'). The carbon foil
is placed in the proton beam path approximately 8-10 em in
front of the sample (Fih'ure 1). The carbon foil acts not only
as a source of electrons but also as a beam diffuser. The
effectiveness of the carbon foil in reducing the background
radiation is shown in Figure 2. The sample target consisted
of a piece of linear polyethylene that was cut from a poly­
ethylene bottle which was used to store an aqueous solution
that contained several cations and anions. Each spectrum in
Figure 2 was obtained after a 5-min irradiation of the
polyethylene target at 1 MeV. The spectrum (drawn in a solid
line) was obtained in the absence of the carbon foil and shows
the consequences of the charge accumulation on the target.
The spectral resolution is poor and none of the transition
metal ions could be detected. With the carbon foil in place,
the sensitivity and resolution increased dramatically as shown
in Figure 2 (broken line). This technique for the reduction
of background radiation has been used extensively with
samples mounted on Kapton (DuPont trademark,
(C"HION,O.)n) foil. Kapton is essentially free of impurities
and has a high thermal stability. It is also an excellent in­
sulator and is therefore subject to charging effects.

High quality carbon foils are commercially available in a
variety of thicknesses. In no instance did the use of the carbon
foil result in any observable sample contamination. The foils
are extremely stable and can be used continuously for several
months.
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Exchange of Comments: Particle Size Effects in the Determination of
Respirable a-Quartz by X-ray Diffraction

Sir: Edmonds, Henslee, and Guerra (1) appear to have
misinterpreted their experimental results relating to orien·
tat.ion. The authors appear to assume (Discussion, Orien·
tation) that the relative intensity of diffraction lines of a
randomly oriented phase will be the same for both bulk and
thin·layer preparations. This is not a valid assumption, ) feel.
\\lhereas the intensity of a diffraction line for an "infinitely"
thick sample is independent of OiJ and directly proportional
to the quantitation constant of the diffraction line k iJ , the
intensity/weight of a thin-layer sample (relatively free of
absorption effects) is proportional to hi.J"cosec 0iJ (2, 3). For
8 diffractometer with a 0 compensating slit, both statements
would need to include another OiJ term but, considering bulk
sampJe relative to thin·laycf t the previous sentence would
remain valid. Thus, from the authors' Table JIJ, if the de­
termined relative intensit.ies of a bulk sample of randomly
oriented Minusill5 was )oo:101:IIO:II2 = 15:1oo:9:17, then
the expected relative intensities for the same randomly Of­

iented sample as a thin-layer would be 19:100:7:9. This is
reasonably close to what the authors found in their Table JIJ
for air filtered Minusil 15 as a thin-layer.

My laboratory is active in the field of quantitative thin-layer
X·ray powder diffractometry. In such work, diffraction in­
tensity is assessed by integrated peak ares, a constant di­
vergence slit is used, and standards are prepared by filtration

of respirable dust «7 Ilm) from an airborne suspension and
weighing. Results of such work do not support conclusions
1,2, and 5 of the Edmonds, Henslee, and Guerra paper.

Conclusion 1. "My laboratory has not found any evidence
to support a contention that respirable n-quartz exhibits
significant preferred orientation when prepared by filtration
from airborne suspension on either silver or Nuclepore­
polycarbonate membrane filters. Standards for <2oo pg/cm'
of respirable ((·quartz on silver and Nuclepore filters prepared
for previous studies (3, 4) were read for the four most intense
n·quartz lines, The results are given in Table I and are
consistent with random orientation, in that the relative k jJ

values found for the four lines match that predicted by
calculated data for a randomly oriented ,,-quartz (5, 6).

Conclusion 2. My laboratory uses a pure natural n-quartz
crystal as its ,,-quartz standard. The crystal is disc-milled
for 60 s, and the resulting powder used directly in a simple
dust chamber. The volume fraction of respirable dust in such
a preparation lies in the range ~0-60%. The exact detail of
the particle size range is irrelevant, at least in theory, since
respirable dust is selected from an airborne suspension by the
lise of the Higgins cyclone (7) ICasello (London) catalog no.
A7650/11. the mass effect of the amorphous layer is relatively
small even in such a respirable fraction, and the total res­
pirable dust collected is determined by weighing. Both silver

Table I. Relative k jJ Values of Diffraction Lines of Respirable Q·Quartz Deposited at <200 pg/cm: on Membrane Filters

O'-quartz relative hjJ
o

filter

theory (6)

silver (3)

Nuclepore (4)

filter loading.
J,q~:lcml

23
40
84

192
212

59
66
70

155
176
179

lOa

18.0

18.7, 1.7
20.0, 1.3
17.2,0.5
19.9, 0.3
17.5, 0.2

17.0,1.1
17.1 , 0.9
17.7, 0.8
17.3, 0.4
17.7, 0.4
18.6, 0.4

101

100

100, 2.2
100, 1.3
100, 0.7
100, 0.5
100, 0.5

100, 1.1
100, 1.1
100, 1.0
100, 0.5
100, 0.4
100, 0.4

112

14.5

14.4 , 2.0
16.8 , 1.3
14.6, 0.7
15.2, 0.3
14.8, 0.2

13.6 , 0.9
14.7, 0.9
13.8, 0.8
14.9, 0.4
14.4 , 0.4
14.6, 0.4

211

10.9

15.1, 2.2
11.2, 1.3
12.4 , 0.7
13.0, 0.3
11.7, 0.2

11.7, 0.9
9.4 , 0.9

11.7, 0.8
10.9, 0.4
11.6, 0.4
12.2 , 0.4

a The range shown represents the effect on the relative k iJ value of .!. one standard deviation of the counter measurement
(8).

Table II. k'J Values for Respirable ""Quartz 101
Deposited on Membrane Filters

silver, 3.0-~m pore size, 42 44.0, 1.3 (3)
matte side

Nuelepore, 0.8-~m pore size, 44.5 45.3, 0.94 (4)
Kloss aide

theory 46.3 46.3 (6)

a Mean :t standard deviation oC experimental measure­
ments usini Ag 111 for absorption correction.

k jJ , net counts cm~ ~g.1

IiKht
loaded
filter
< 200 heavy loaded
~g/cm' £ilter" reL

(3) and Nuclepore (4) filters gave similar experimental h iJ
values for respirable ,,·quartz 101. These values have proved
to be only slightly lower than the h iJ value predicted by
theoretical calculation (6), as summarized in Table II.

Conclusion 5. Calibration curves from this laboratory have
shown no obvious change in slope at -Ioo pg/cm' for the 101
reflection of respirable ,,-quartz deposited by air filtration onto
silver (3) or Nuclepore (4) filters. Certainly, if such a change
of slope was observed for loo pg/cm' of ,,-quartz it would be
unlikely that absorption was the cause since absorption theory
(3) would predict less than a 2% effect on diffraction intensity
at this loading of a-quartz.

An inherent assumption in the liquid suspension filtration
technique as applied to thin-layer XRD work is that all
suspended particles are captured and held at the filter surface.
Theoretically, filtration efficiencies from water are significantly
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less than from air. I wonder whether the results of Edmonds,
Henslee, and Guerra relating to particle size effects indicate
true particle size-XRD effecls or rather indicate (at least in
part) relative filter efficiencies for the different particle sizes
coupled with a particle size effect on diffraction peak height.
Regardless of the validity or otherwise of such speculation,
I feel it is poor analytical chemistry practice for standards to
be prepared by water filtration when field samples are col­
lected by airborne filtration.
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in agreement with Aitree-Williams (1).
For an instrument with a variable divergence slit (0­

compensating slit), however, the relationships do not simply
include another OM' term, but change drastically. Since the
slit size is chosen to always irradiate the same sample surface
area, I becomes a constant and Equation 1 leads to

k'hld
I'h., = (I - e·,,-d ""'" ."',) (6)

2 1" cosec 0h.,

For limiting values of d. one obtains

Sir: Aitree-Williams (1) has ignored the primary data
supporting a-quartz preferred orientation on sampling
membranes and casually applied the relationship between
intensity and volume of sample irradiated for a normal (fixed
divergence slit) diffractometer to data obtained on a dif­
fractometer filled with a variable divergence (a-compensating)
slit. His failure to usc the equations as they apply to the latter
instrument compounds his misinterpretation and disguises
some interesting facts which subsequently reinforce the or­
iginal conclusions (2),

The intensity of a given (hkl) for a nat sample whose surface
is at a parafocusing diffractometer center is as follows (.1)

rd .'/2 fU'/2h., = 4 J
o

J
o

J
o

{lh.lle" ,', ro", '," dzdydr (1)

where d = sample thickness; I = extent of sample irradiation
tangent to the focusing circle: w = extent oi sample irradiation
normal to the focusing circle (assumed constant); 11· = mass
absorption coefficient, cm"; OM' = Bragg angle for lattice plane
(hk/); and f"'1l = scattering factor for lattice plane (hkl)
including form, Lorentz, and polarization factors.

For an instrument with fixed divergence slit, the beam
cross·section (b) is constant and I varies with 0 as

1= blsin 0h.' (2)

Evaluation of Equation 1 yields

Ih•, = k..,2. (l - e-""d ro.« ''''') (3)
1'"

where khltl includes terms which are constant at 0hkJ. For
limiting values of d, one obtains

d - 00; Ih., a khkl/l'" (4)

indicating that for thin samples a constant volume is irra­
diated. Therefore. the the relative intemities for 0 thin
somple (d «1/1'0) measured on a diffractometer fitted with
an aligned O·compensating slit are directly comparable to
relative intensities measured for a bulk sample on a con­
ventional diffractometer (i.e., JCPDS data). Since the data
for thin deposits of a-quartz in Table III (2) indicate sub­
stantially lower 1/10 values than titerature data, the conclusion
of preferred orientation is supported. As Altree-Williams
properly indicates, the 1/10 for thin samples should be cor­
reeled by cosec 0", to yield acceptable agreement with 1/1.
for bulk samples measured on the compensating slit in­
strument. However. this indicates only that both the bulk
and tbin samples as prepared exhibit nearly the same degree
of (preferred) orientation.

Conclusion 2 should cause no difficulties to persons who
have read the entire paper. In particular Table I. which is
the primary data supporting variation of orientation with
particle size, and Table V, which indicates equivalent X-ray
diffraction response (khkl) for air and filtered tiquid sus­
pensions of Min-u-sil 5. Perhaps it was remiss not to state
conclusion 0, made clear in the body of the paper. that
standard filters prepared by air and filtered liquid suspemio(l
are equioolent if deposition area and particle size di.otribution
are identical for the a-quartz used. Conclusion 2 then refers
to the preparation of standard filters by liquid filtration. In
this case, failure to use a standard with size distribution
equivalent to field samples wiU permit particles larger than
the respirable fraction to be more efficiently filtered than
sub-respirable particles, which then contribute significantly
to increasing kMI due to preferred orientation (Reference 2.
Table I). Since Aitree-Williams is preparing standards by air
suspended dust collection through a size selecting cyclone.
obviously the particle size distribution of the starting material
is irrelevant. He has size selected a standard equivalent to
the distribution obtained in field sampting. It must be pointed
out, however, that with few exceptions, the literature on
a-quartz X-ray diffraction methods is replete with "pure
a-quartz WaS used", but without reference to the means of
deposition on the filter paper.

The suggestion that loss of preferred orientation may

and

d - 0; Ih., a 2dkhkl cosec 0"", (5)

and

k'
d I

, hkl .
- co; hid = 2p,* sm 8h111

d - 0; I'h., = k'",d

(7)

(8)
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contribute to a change in calibration curve slope at -100
"g/cm' a·quartz was based in part upon the observed changes
in /1/0 (reference 2, Table III). Having established that. some
degree of similar preferred orientation is present at all
thicknesses of the a·quartz used in these studies, the apparent
change in slope then is not attributable to this cause. It is
most likely an artifact present in wtlcm' dota which extends
beyond the range of our normal samples. .

Although theoretical efficiencies are lower for liquid sus­
pension filtration than for air, the observed data (reference
2, Table V) do not in fact show this, and indeed indicate the
better standards were prepared from liquid suspension fil­
tration. \\'hile purist notions may lead one to adhere to air
filtration for the preparation of standards, practical con­
siderations lead one to select less time consuming procedures
where shown to be experimentally cquil'alcnl (2). In light
of the magnitude of effect that particle orient.ation has upon
the calibration curves for standards prepared from liquid
filtered SWtpen.liiuns, use uf calibration curves obtained in this
manner with a properly sized standard contribute less error
to the analyses than does samplt7 orientation (particle shape),
over which the analyst has no control.

The final point of the paper (2) is the necessity for in­
ter-laboratory verification of methods developed to analyze
for a common problem of this complexity. In a given labo­
ratory. unknown variables have a habit of becoming constants.
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AIDS FOR ANALYTICAL CHEMISTS

Determination of the Natural Abundance of Iron-58 by Neutron Activation Analysis

P. F. Schmidt·

Bell Telephone Laboratories. Incorporated. Allentown, Pennsylvania 18103

J. E, Riley. Jr.
Bell Telephone Labora/orles. Incorporated. Murray Hill. New Jersey 07974

The natural abundance of iron-58 is very low and has been
reported by various investigators in the range from 0.29 to
0,33'70. With Fe,D, samples highly enriched in "'Fe being
available from Oak Ridge National Laboratory (ORNL), a
straightforward determination of the natural abundance of
'"Fe is possible by co-irradiation of the enriched and natural
material, and comparison of the "Fe photopeak intensities.

This experiment was performed with an Fe,O, sample
82.48'70 enriched in "'Fe. and a natural iron foil, the iron
content of which had been determined to be 99.63'70 by mass
spectroscopic examination. The relevant data and an outline
of the calculations are given in the Appendix. The natural
abundance of '"Fe was found to be 0.283'70 :to 0.010'70, in good
agreement with a recent recommendation by Holden (I) based
on older mass spectroscopic data (2). The presently accepted
thermal cross section for "'Fe is 1.14 b; in establishing this
cross section, the natural abundance of "'Fe was assumed to
be 0.33% (3). Since the natural abundance enters the cal­
culation of necessity, the thermal cross section of "'Fe should
be higher by the ratio

0,33 X 1.14 _ b
0.283 - 1.33

APPENDIX
Description oC the Measurements and Calculations to

Determine. the Natural Abundance oC '"Fe Crom the

Co-Irradiation of a 99,63% Pure Natural Iron Foil with
an Fc,O" SampIc 82,48% Enriched in "Fe

None of the trace impurities in the iron foil have large
resonance integrals which could produce a measurable self­
shielding effect. The purities of both the iron foil and of the
Fe,D" sample were established by mass spectrometry, for the
iron sample by the Analytical Chemistry Department at
Murray Hill, for the Fe,O" sample by DRNL (no impurities
were detected in the laller case).

Materials Used. Fe,·O" 2.46 mg, 82.48% enriched in "'Fe,
obtained from DRNL. The isotopic analysis of this material
is given as follows:

at.% precision
s4Fe 0.46 ,0.05
HFe 15.57 ,0.10
s'Fe 1.48 ,0.05
uFc 82.48 ,0.10

The symbol Fe' is used hereafter to refer to iron of the above
isotopic composition.

21.93 mg Fe foil, 99.63% pure = 21.85 mg pure iron

Both the Fe,·O, and the Fe foil were co-irradiated for 60
s in the "front row position" of the University of Missouri

0003-2700179/0351-ll306$OI.00/0 © 1979 AmerIcan Chemical SocIety



Research Facility at Columbia, Mo. The nominal flux in this
position is stated to be 8 X 1013 n cm-' S-I.

After irradiation, the samples were each dissolved in 5.00
em' reagent grade HCl and were then counted in the same
(rigidly fixed) position at a distance of about 4.6 cm from the
front surface of a co-axial Ge-Li detector; dead times were in
the 3-5% range. The areas of the '9Fe photopeaks at 1099
keY were evaluated by hand, the background on both sides
of the peak being smooth and low.

End of 60·s irradiation: 6/28/77 at 1400 EDT
Start of 10000-s acquisition on the 2.46 mg Fe,'O,: 7/8/77

at 1030 EDT
total net count: 134945
Start of 65 OOO-s acquisition on the 21.93 mg Fe: 7/7/77

at 0815 EDT
total net count: 39542
All decay factors were calculated according to the equation:

D = e"" X (1 - e'''...)
Xt acq

where td = time elapsed between the starts of acquisition on
the two samples, t ... = duration of acquisition, and A= decay
constant (= 0.69315/TI /,).

Calculation of the Natural Abundance of "Fe. The
molecular weight of the Fe,'O" and the atomic weight of the
Fe' of the given sample can he calculated from the atomic
masses. We used the data by Mattauch, Thiele, and Wapstra
in "1964 Atomic Mass Table", Nucl. Ph)'"., 67,1-31 (1965)
in our calculation.

ANAlmCAL Ct£MISTRY. VOL. 51. NO.2, FEBRUARY 1979 • 307

The molecular weight of Fe,'O, for our sample was cal·
culated as 163.160.

The molecular weight of Fe' for our sample was calculated
as 57.58322.

163.160 g Fe,'O, = 6.022 X 10" molecules Fe,'O, =
1.2044 X 10" atoms Fe', containing 1.2044 X 10" X

0.8248 = 9.93389 X 10'" atoms of "Fe

2.46 mg Fe,'O, = 1.497755 X 1019 atoms "Fe
21.850 mg pure Fe = 2.356 X 10'" atoms iron (MW = 55.847)

21.850 mg pure Fe, start counting 7/7/77 at 0815 for
65000 s

uncorrected count rate: 0.608338 counts/s
count rate corrected for decay while counting: 0.6118697

counts/s
2.46 mg Fe,'O" start counting 7/8/77 at 1030 for 10000 s

uncorrected count rate: 13.4945 counts/s
count rate corrected for decay while counting: 13.506 53

counts/s
count rate corrected for 26.25-h decay (from 7/7 at 0815

to 7/8 at 1030): 13.7360 counts/s
2.356 x 1020 X % abundance "Fe: 0.6118697 counts/s
1.497755 x 1019 atoms "Fe: 13.736 counts/s
Natural Abundance of "Fe: 0.2832%.
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Errors in the Atomic Absorption Determination of Calcium by the Standard Addition
Method

J. W. Hosking,' K. R. Oliver, and B. T. Sturman

Department of Chemistry. Western Australian Institute of Technology, Bentley, W.A. 6102, Australia

As part of an investigation into the use of lithium meta·
borate fusions as a general technique for the dissolution of
materials containing silicates, the technique was applied to
a variety of standard analyzed samples. The resulting so­
lutions were analyzed for silicon, aluminum, calcium, and
several other elements by atomic absorption spectrometry.
Silicon and aluminum have been shown to cause serious
interferences in the determination of calcium in the air­
acetylene name (I).

The method of standard additions is often recommended
as a means of correcting for interferences in atomic absorption
spectrometry (2-4). The variation in the effect of matrix
components on the absorbance at different analyte concen­
trations has, in general, been neglected although it has been
mentioned by several authors (I. 2, 5-8). In an attempt to
overcome this problem. Magill and Svehla (I) have suggested
the use of a releasing agent in calcium determinations by
standard additions with the air-acetylene flame. They also
recommended the use of the nitrous oxide-acetylene flame,
with potassium as an ionization buffer, for the determination
of calcium in the presence of other ions. When the method
of standard additions was used to determine calcium in a
standard analyzed sample of portland cement after lithium
metaborate fusion, the results differed significantly from the

known calcium content of the sample.
The fact that the results were inaccurate led us to evaluate

various techniques for the atomic absorption determination
of calcium in the presence of dissolved silicon and aluminum,
and to investigate the evident shortcomings of the method
of standard additions.

EXPERIMENTAL
Samples. The analyzed cement samples were portland cement

24b (62.9% CaD, 20.8'10 SiD" 6.22% AI,O:J and British Chemical
Standard No. 372 (65.8% CaO, 21.3% SiD" 5.35'10 Al,O:J. Both
of these samples were from the Bureau of Anclysed Samples Ltd,
Middlesbrough. England. Synthetic samples with the same
calcium, aluminum, and silicon concentration as portland cement
24b were prepared from calcium carbonate, alumina, and silics.

Reagent•.. The high purity silica was British Chemical
Standard No. 313 (99.6'10 SiD,. 0.02'10 CaO). Lithium metaborate
was prepared from lithium carbonate «0.03% Cal and boric acid
«0.005'10 Cal and was recrystallized from bot aqueous solution
(9). Lanthanum chloride solution was prepared by dissolving
lanthanum oxide in AR hydrochloric acid. The calcium content
of different batches of lanthanum oxide from the same supplier
was sometimes unacceptably high. Only material of very low
calcium content «0.0002'10) was used in this work. The calcium
standards were prepared from Titrisol ampules (E. Merck) and
from AR calcium carbonate (dried at 200 ·C) dissolved in AR
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Figure 2. Calibration curves for calcium showing the deviation in the
extrapolated region caused by the combined silicon and alumInum
interference in lithium metaborate and hydrochloric acid solutions
(concentrations as In the analysis of portland cement 24b). (.) No
releasing agent, (e) 0.2% lanthanum releasing agent

an error not exceeding ± 1 or 2% of the true value.
The linear or near·linear curves as illustrated in Figure 1

and thc gcneral agreement between the graphical and com­
puter extrnpnlated values in Tahlc I suggest that the errors
were not the result of inaccurate extrapolation. As shown in
Tobie I, the errors were reduced in B lean air-acetylene flame
and further reduced in the nitrous oxide-acetylene flame. The
addition of 0.2% lanthanum as 8 releasing agent improved
the result in the air-acetylene flame but unacceptably large
errors \\'ere obtained in many determinations. The reduction
in error correlates with the reduction in chemical interference,
a. suggested by Magill and Svehla (6).

To identify the principal source of the error, it was necessary
to determine t.he shape of the analytical curve in the ex­
trapolated region. Standard calcium solutions (0 W 10 mg L-')
were prepared with the major matrix components present in
t.he same concentrations as in the cement solutions. Analytical
curves obtained with these solutions are shown in Figure 2.
The known calcium concentration of the portland cement 24b
solution was 2.96 mg L '. The analytical curve below this
concentration corresponds to the extrapolated region of the
~tandard addition graph. Figure 2 sho\','s that it is not possible
to predict the shape of the extrapolated region of these curveS
from the data obtained in the measured region. It i. significant
that each of the analytical curves in Figure 2 is linear in the
"measured region". as this is the only portion that would be
observed in R standards addition determination. This clearly
demonstrated that a linear standard addition graph does not
necessarily produce the correct result.

The variation in the shape of the analytical curve at low
calcium concentration led t.o further investigations. The effect
of chemical interference at different analyte concentrations
was studied by measuring the percentage suppression or
enhancement produced by a constant concentration of in­
terfering species. The significant variations in the percentage
suppression or enhancement at low calcium concentrations
are shown in Figure 3.

The multiple standard addition technique will give the
correct re.ult only (i) when there is no chemical interference
and the entire analytical curve can be defined accurately by
the data from the "mensured region", OR (ii) when interfering
species are present and the percentage suppression or en­
hancement is constant over the entire analytical curve. In this
case, the standard addition graph will have the .ame shape
as that observed in the absence of interfering species. The
suppression or enhancement will alter the sensitivity and,
hence, change only the slope of the graph.

If the percenlage suppression or enhancement is directly
proportional to the analyte concentration, the absorbance-

Me.. ,ured region 01
,t"nd,ud addition graph

E.tr;apol,1t.d region
01 s.tanda,d addition

006 gfi1ph.

D"

2 0 2 • i
CALCIUM CONCENTRATION mo I_I

FlglI'o 1. Determination of calcium In portland cement by extrapolation
of rrn./tlple standard addition curvas. (_) Observation height high In fuel
lean air-acetylene flame. (.) observation height low in fuel tean
air-acetylene flame, (e) observation height for optimum sensitivity In
fuel rich air-acetylene IIame, 0.2% La (as LaC~) present as a relea"'g
agent, (.) nitrous oxkJe-8cetylene flame at conditions of optimum
sensitivity, {*} correct concentration

hydrochloric acid. Other reagents were AR grade.
Fusions oDd Dissolution. Cement, 0.2 g, (or appropriate

amounts of calcium carbonate, alumina. or silica) were fm.cd with
1.0 g of lithium metaboratc in a platinum crucible at 970°C for
30 min. The crucihle with the cooled melt wns placed in 180 mL
of 5% vIv concentrated hydrochloric acid and magnetically stirred.
After dissolution of the melt. the solution was made up to 250
mL. This solution was diluted 1:124 in 2% vlv hydrochloric acid
so that the calcium concentration was close to 3 mg L-I,

Synthetic lIIatrix Standards. These were preparcd by fusing
alumina Bnd silica with lithium mctaborate as described above.
The aluminum and silicon concentrations in the final solutions
were the same 8S those from portland cement 24b.

Atomic Absorption Spectrometry. Calcium was determined
by atomic absorption spectromet.ry using: n Varian Techtron AA5.
Except where othcrv...ise stated, measurements were made in the
air-acetylene flame at conditions of optimum sensitivity. The
nitrous oxide-acetylene name was also used at conditions of
optimum sensitivity, Appropriate reagent blanks were prepared
in each case and found to give an absorbance of less than 0.002.

Standard Addition.. In the multiple addition. method,
accurateJy measured amounts of standard calcium solutions were
added to each of four equalaliquots of t.he unknown solution as
described, for example, in Ref. 2 to 4. No calcium was added to
one aliquot and amounts equivalent to approximately 50%, 100%,
and 200% of the calcium in the unknown solution were added
to the others. After the solutions were diluted to the same volume,
the absorbances were measured and the absorbance-concentration
curve extrapolated graphically to zero absorbance. For some
determinations, the absorbance-concentration plot was slightly
curved. The extrapolations were also made using a computer
program which fitted the data to a straight line and t.o an ap­
propriate second-order polynomial equntion.

In the single addition method (10), only the solution to which
no calcium had been added and that with approximately 100%
additional calcium were used. The unknown calcium concen­
tration was calculated from the relative increase in the absorbance.

Suppression and Enhancemenl. The percent.age suppression
(or enhancement) caused by an interfering species was determined
from the relative absorbances of a pair of solutions of equal calcium
concenlration, of which only one contained the interferent. Scale
expansion and 8 chart recorder were used, and multiple readings
were made on duplicate solutions to achieve more precise results
at low calcium concentrations.

RESULTS AND DISCUSSION
Some typical standard additions graphs are shown in Figure

I, and errors in the calcium concentration as determined by
standard additions are shown in Table J. These results are
clearly unsatisfact.ory, as it should be possible to determine
calcium at these levels by at.omic.absorption spectrometry with
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Table I. Errors in Calcium Analysis by Standard Addition Tcchniquca

+3
+3
+6
+2
+8
+4
+5

+10
+ 10
+10
+8

+ 17

+1
+3

o
+8

+11
+3
+6

+11
+ 10
+12

+8
+ 38

+5
+7

+11
+1
+7

+12
+11

+7
+12
+10

+8
+3

+3
+3
+1
+7
+8
+4
+5

+10
+ 10
+10

+8
+1

error. %G

multiple addition method

computer

polynominl
equation

single
2nd 1st addition

graphic.."ll order order met.hod

-27 -28 -19 -18
-18 -20 -6 .. 11

-9 -·5 -9 -9

+5 +2 +17 +9
+6 +2 +5 +9

-20 - 28 -23 -11
-23 -17 .. 22 -21

-·5 +7 -3 -2

fuel rich air-acetylene
nitrous oxide-acetylene
fuel rich nir-acetylene

none
none

1% La

releasing
sample agent flame conditions

portland cement 24 b nonc fuel rich air-acetylene
portland cement 24b none fuel lean air-acetylene

(base or name)
portland cement 24b none fuellenn air-acetylene

(high in name)
portland cement 24 b 1% La fuel rich air-acetylene
portland cement 24b none nitrous oxide-acetylene
CaCO). AI10 J , Sial none fuel rich air-acetylene
CaCO" AI,O" SiO, none fuel lean air-acetylene

(base or name)
CaCD" AllO,. SiCl none fuel lean air-acetylene

(high in name)
CaCO" AI,O" SiO, 0.2% La nir-acctylcncb

GaCO H AllO H SiDl none nitrous oxide-acetylene
AI,O), SiD: + standard CaCI 1 0.2% La air-acctyleneC

AI,O" SiO, + standard CaCI,
AllO H sial + standard CnCl l
CaCI] in 2% hydrochloric acid

and 1000 mg V' phosphale
as phosphoric acid

Q % error =- «measured calcium cont.ent - known caJcium contcnt)/known calcium content) X 100. b Replicate determi­
nations using various flame conditions, slit widths, lamp currents, and aspirator rates. C Determinations of solutions pre­
pared from different fusions, name ('onditions varied.

"r-:------,

'oOGo,o 0'2
ABSORBANCE

"2"

.IS
•

z
o

"r
o

"2 • 6 •
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Figure 3. Percentage suppressK>n Of enhancement of the calcium
absorbance due to the presence of interfering species. (e) Uthium
metaborate. hydrochloric acid. silicon, and calcium: (_) lithium me­
taborate. hydrochloric acid. silicon. aluminum, and 0.2% lanthanum
(concentrations e and _ as In the analysis 01 portland cement 24b);
(t) 1000 mg L-' phosphate as phosphoric acid

concentration graph will be a smooth curve. However, in this
case, the extrapolated region can in principle be predicted from
the measured region and the method of multiple standard
additions may still be applicable.

The single additions method is necessarily restricted to
those cases where the percentage enhancement or suppression
is constant.

Figure 3 shows that the percentage suppression or en­
hancement due to silicon and aluminum is neither constant
nor directly proportional to the calcium concentration even
in the presence of lanthanum. This explains the inaccuracy

Flgur. 4. Flame proliles lor (A) 3.0 mg L" calcium and (6) 6.0 mg
L-' calcium in eloeliean air-acetylene llama in 2% ~ochIoric acid
H and in 2% hydrochloric acid solution 01 ilhium mataborate. siicon,
and aluminum 85 in the cement analysis (--)

of lhe method of standard addition for the determination of
calcium in portland cement even in the presence of a releasing
agent.

The effects of observation height and l1ame conditions were
also investigated. Chemical interferences in calcium deter­
minations in the air-acetylene flame are generally less severe
in the fuel lean flame (I I). The flame profiles in Figure 4 show
regions where there was less than 1% interference. As is
shown in Figure 4, the observation height required for less
then I % interference varied with changes in the calcium
concentration. This indicates that at a constant observation
height the percentage suppression or enhancement will be
different for solutions of different calcium concentrations,
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Table II, Calcium Detennination by the Calibration Curve Technique

releasing matrix components
sample agent matched in standards flame conditions error, %Q

portland cement 24b nil HCI, Si, AI, LiBO, fuel rich air-acetylene -2
portland cement 24b 0.2% La HClonly fuel rich air-acetylene -1
portland cement 24b nil HCI, LiBO, nitrous oxide-aceLylene -1
CaCOjO AI 20 J • Si0 1 nil HCI, Si, AI, LiBO, fuel rich air-acetylene <1
CaCOH AJ,OJt SiD: 0.2% La HClonly fuel rich air-acetylene <1
CoCO" AI10J> SiDl nil HCI, LiBO, nitrous oxide-acetylene <1
portland cement nil HCI, Si, AI, LiBO, f!:1c) rich air-acetylene <1

B.C.S. 372
portland ccmcn t 0.2% La HClonly fuel rich air-acetylene <1

B.C.S.372

0% error = «measured calcium content - known calcium contcnt)/known calcium content) X 100.

FIgure 5, Determilatlon 01 calcl..." In the presence 01 excess phosphate
(1000 mg L-', as phosphoric acid) by extrapolation 01 a mohiple standard
additIon curve. (*) Correct concentration

which explains the inaccurate results obwined even when the
measurements wcre made high in the fuel lean flame (Tablc
I).

In the above examples, the stoichiometric ratios of calcium
to silicon and to aluminum were in the order of 1:1. To
investigate the effect of a large excess of interferent, the
exercise was repeated with a calcium to phosphate ratio of
the order 1:250, It was not practjcal to have such a large excess
of silicon or aluminum, Figure 3 shows that, with the large
excess of phosphate, the percentage suppression was very close
to being directly proportional to the calcium concentration
and the absorbance concentration plot, was a smooth curve.
When these daw were plotted as a swndard addition graph
<Figure 5) the "measured region" could be \L'ed to predict the
"extrapolated region", limited only by the difficulty of ex­
trapolating a curve. As indicated in Table I, a relatively small
error was obtained for the standard addition determination
of calcium (at 3 mg L-') in a large excess of phosphate (1000
mg L-'),

It was evident from this work that the method of standard
additions is not a reliable solution to the problem of chemical

o , •
CALCIUM CONCENTRATION
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interference in the determination of calcium by atomic ab­
sorption spectrometry. Hesults obtained when the conven~

tional calibration curve technique was used for the deter­
mination of calcium in cements and in the synthetic mixture
are shown in Tahle II.

These results are all more accurate than those obwined by
thc standard additions method under comparable experi­
mental conditions (Table I). The calibration curve technique
gave very satisfactory results when the fuel-rich air-acetylene
flame was used and calcium standards were prepared with
aluminum, silicon, lithium metaborate, and hydrochloric acid
to match the matrix of the sample solution. Matrix matching
is rather int'onvenient and may not he possible with an un­
known sample, but it was found that equally accurate results
were obtained without matrix matching, provided that 0.2%
lanthanum was added to the swndards and to the sample
solutions as a releasing agent. As an alternative, use of the
nit.rous oxide-acetylene flame was found to give accurate
results when the standard solutions were prepared with
lithium metaborate and hydrochloric acid to match the sample
solutions.

•mg r- j

(_It.polated 0.7
regloll
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Analysis of Bls(trimethylsllyl)acetamlde for Purity by Proton Magnetic Resonance
Spectrometry

6.9
6.9
6.2

10.5
10.5
10.6

82.6
82.6
83.1

(II)

( CH,),-Si-O-Si-(CH,),

Table I. Analysis of BSA Maintained at Elevated
Temperatures for Half an Hour

%w/w %w/w %w/w
temperature BSA MSA HMDS

probe
(ca. 37°C)

60°C
90°C

RESULTS AND DISCUSSION

BSA would be expected to react vigorously with active
bydrogen present in the liquid and support phases. To remove
these active sites, Smith (6) recommended tbe prolonged
pre-treatment of apolar columns with dry nitrogen and re­
peated injections of BSA. However, we have found that this
treatment does not necessarily yield reproducible analyses for
tbe purity of BSA. During the early stages of conditioning,
trapping experiments reveal that virtually no BSA is eluted
and tbat tbe amount of BSA eluted increases gradually with
time over a period of two days. Subsequently reproducible
results could be obtained, provided the flow of carrier gas was
maintained at the analysis temperature; but when columns
were stored between analyses, considerable reconditioning was
required before reproducible results could again be obtained.
Furthermore traces of acetonitrile were frequently detected,
consistent with thermal degradation (6) either during va-'
porization or elution and asymmetric (tailing) peaks were
frequently observed. Chromatograms which gave rise to
nomeproducible analyses displayed base-line shifts as il­
lustrated in Figure I.

Such chromatograms are generally associated with on­
column decomposition (9, 10). In view of the results shown
in Table I, this decomposition of BSA is almost certainly
hydrolytic rather than thermal. Consistent with a plug flow
reactor (9), the decomposition was found to be more significant
at slower flow rates (i.e., at increased column residence times).
GLC/MS analysis of the asymmetric peaks gave inconclusive
evidence, presumably due to decomposition of BSA in either
the GLC/MS interfaoe or ion souroe, In each case the spectra
revealed the presence of BSA with HMDS and MSA.

Proton Magnetic Resonance. The aynthesis, infrared
(IR), and PMR spectroscopic characteristics of BSA have been
reported (10, 11). Consistent PMR spectra were readily
obtained using a wide range of solvents, including carbon

where NASA, N~rsA' and Nm,'llli are the number of abrorhing nuclei
in BSA, MSA. and HMDS contributing to the resonan('e signal
being measured and MWBS"', MW MS.... and MW HMDS are the
molecular weigbts of BSA, MSA. and HMOS, respectively.

During hydrolysis experiments and when making standard
additions of HMOS and MSA to BSA, 1,4·dioxan was used as
an internal standard. Calculations were then performed as
described by Kasler (8) or the mole ratios of either HMOS or MSA
to 1,4-dioxan were determined as previously described.

CH _c""O

, "NH SI(CH,),
(:mJ

Gordon Munro,· John H. Hunl, and Leonard R. Rowe

Glaxo-Allenburys Research Ltd., Ware, Harts., England

Michael B. Evans

The Hatfield Polytechnic, Hatfield, Herts.. England

Bis(trimethylsilyllacetamide (BSA) (1) is widely used to
prepare trimethylsilyl (TMS) derivatives for gas-liquid
chromatography (GLC) (1-3).

/O-Si(CH,),
CH,-C

'NSi(CH,),

(I)

During recent attempts to prepare TMS ethers of phenyl­
alkanolamines containing more than one hydroxyl group (4),
evidence of incomplete conversion was obtained under
conditions recommended for the exhaustive silylalion of the
hydroxyls (5). To eliminate one possible reason for this
discrepancy, the reagent used was analyzed by gas chroma­
tography using Smith's method (6). Although all tbe rec­
ommenrled precautions were precisely followed, nonrepro­
ducible results were obtained which questioned the validity
of the method. In contrast, we have found that proton
magnetic resonance spectrometry affords a simple and reliable
method for the analysis of commericially available BSA.

EXPERIMENTAL
Reagents. \Vith the exception of pyridine which was dried

over molecular sieve 4A and redistilled. all reagents were used
85 obtained from commercial sources.

Measurement. Proton magnetic resonance (PMR) spectra
were obtained using either a Perkin-Elmer R-12-B or a Varian
A·60·A 60-MHz spectrometer. All chemical shift values were
measured relative to 1,4-dioxan (downfield shifts are positive).
Samples (50 mg) were weighed into 2-mL glass vials and 0.50 mL
of pyridine containing 3% w/v of 1,4-dioxan was added. These
solutions were transferred to PMR spectrometer tubes for analysis.

Gas chromatograms were obtained using Perkin-Elmer F-17
and F·30 gas chromatographs equipped with glass columns and
flame ionization detectors. The columns used {I-m length, 2.Q-mm
i.d.} were packed with mixtures of liquid phase (liquid paraffin
or silicone aV-IOI) and 60-80 mesh support (Gas Chrom Q)
prepared by the procedure described by Smith (6). To recover
components from the column effluent, a Perkin-Elmer F-17 gas
chromatograph fitted with a post-column splitter and double
surface trap (7) was used. GLC/MS was performed using an A.E.I
(Associated Electrical Industries, Manchester, England) M.S. ­
30 D.S. - 50 mass spectrometer and data system coopled to a Pye
104 gas chromatograph.

Calculation of Results. Quantitative GLC results were
obtained by internal normalization from peak areas determined
using an Infotronics C.R.S. 204 integrator. No corrections were
made for differences in molar response at the flame ionization
detector since Smith (6) has shown these to be practically identical
for the compounds included in this study. Quantitative PMR
results were obtained from peak areas determined by triangulation.
Conversion of peak areas into molar or weight ratios was per­
formed as follows.

(i) Molar ratio of BSA:hexamethyldisiloxane (HMDS) (II):
monosilylacetamide (MSA) (III) =

area of BSA peak area of MSA peak area of HMDS peak
N

BSA
: N

MSA
: N

HMDS

(ii) Weight ratio of BSA:HMDS:MSA =
area of BSA peak area of MSA peak area of HMDS peak

N BSA X MWBSA : N MSA X MWMSA : NHMDS X MWHMDS
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Figure 1. Gas chromatographic anatysis of BSA

Table 11. Chemical Shift Values (ppm) of the
Resonance Signals of eSA and Related Compounds
Measured in Pyridine Using 1,4-Dioxan as Internal
Standard

12 o
minutes

Figure 2. Proton magnetic resonance spectrum at 60 MHz of a mixtll'"e
of BSA. HMOS. and MSA scanned at 2 Hz 5. 1 with 1,4-dioxan as
reference

Table 111. Repetitive Analyses of BSA S"mples (from
the Same Batch)

%w/wof % w/w of % w/waf
BSA MSA HMDS

74.9 13.5 11.7
76.9 14.4 8.69
79.0 11.9 9.19
78.5 13.3 8.32
79.4 12.4 8.22
76.5 16.1 7.49
80.1 11.6 8.4
73.6 15.3 11.2
77.7 14.2 8.2
79.7 11.1 8.58

mean 77.6 13.4 9.0
std. dey. 2.15 1.65 1.36
95% confidence
limits, 2
analyses) 77.6,3.4 13.4 • 3.8 9.0, 2.6

N-Si o-Si (CH,),
Compound e-CH, (CH,), (CH,), -Si-CI

BSA· -1.66 -3.37 -3.37
MSA- -1.54 -3.26
HMDS -3.47
acetamide -1.53
lrimethyl· -3.22

chiaro-
silane

aceLo- -1.74
nitrile

tetrachloride. 1.4·dioxan. benzonitrile. benzene. and pyridine.
Discrete resonances assib'Tlable to BSA. HMOS. and MSA were
observed in most of these solvents. Table II shows the
chemical shift values assigned to BSA. MSA. and HMDS in
pyridine which was found to be the most appropriate solvent.
AceLamide and trimethylchlorosilane both of which might be
present from the route of synthesis of BSA (10) and aceto·
nitrile. a thermal degradation product. are also included in
the table to demonstrate that they could be detected in the
presence of BSA. Figure 2 shows the PMR spectrum of a

mixlure of BSA. HMOS. and MSA.
To evaluate PMR as a quantitative analytical method.

several samples of BSA from the same batch were analyzed.
Peak heights. peak areas (triangulation). and integrated peak
areas were measured for all the resonance signals observed
on both 5· and 10-ppm scales under optimized instumental
conditions. The method gi\'ing the most reproducible results
which was used for all subsequent determinations consisted
of measurement of the peak areas (triangulation) of the C-CH,
signal of BSA and MSA and the (CH,),·Si signal of HMDS
on the lO-ppm scale. Results of the reptitive analyses are
shown in Table 111.

Limit., of detection for HMOS and MSA were determined
and found to be 0.5% and 1.0% w/w. respectively. taking a
signal to noise ratio of 2: I as the lower limit of detection. The
lack uf a pure sample of BSA greatly inhibited attempts to
check the accuracy uf uur proposed analytical method.
However. when solutions of BSA in pyridine were prepared
and consecutive additions of either HMDS (0.02-mL a1iquots)
or MSA (0.02·mL aliquots of a 20% w/v solution in pyridine)
were made. the peak areas of the HMDS and MSA signals



increased linearly with the amount of HMDS or MSA added.
Furthermore, the concentrations of HMDS and MSA obtained
by this standard addition technique were in good agreement
with the initial analysis.

The BSA solutions used in analyses were found to be
unchanged after two days at probe temperature. Other
samples were prepared and analyzed after being heated at 60
and 90 ·C, respectively, for 30 min in the variable temperature
probe. No significant decomposition was detected.

As expected the addition of water to solutions under test
produced rapid hydrolysis of BSA to HMDS and MSA.

/0-51 (CH:sh p
2 CH, C, -- (CH:sh SI-O-S1{CH3h . 2CH:s-C

N-SI (CH,I, 'NHSI(cH,l,

Subsequently, measured amounts of water (0.02-mL aliquots
of a 4% wlv solution of water in pyridine) were added and
the production of HMDS and MSA was monitored. Results
after regression analysis confirmed that each mole of BSA
yielded 0.5 mol of HMDS and 1.0 mol of MSA as expected.
This confirms the accuracy of our method. No significant
decomposition occurred when solutions were treated with dry
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oxygen, and sparging with nitrogen produced no notable
improvement in the spectra Therefore it seems that degassing
is not necessary.
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Pressure-Volume Technique for the Calibration of Ozone Analyzers

lkuo Watanabe' and Edgar R. Stephens·

Statewide Air Pollution Research Center, University of california. Riverside. California 92521

The calibration of instruments for monitoring ozone or
oxidant in polluted air has always presented a special problem
because ozone is an unstable gas not readily handled in pure
form. Historically, analysts have made use of the oxidation
of the iodide ion in buffer solution with the assumption that
iodine is formed in stoichiometric yield. Attempts to verify
this assumption have sometimes given positive (I, 2) and
sometimes negative results (3, 4). The situation was com­
plicated by the fact that many variations of the iodide method
were in use. It is unlikely that any two laboratories ever used
iodide methods which were identical in every detail. The most
recent version uses a boric acid buffer (5, 6).

Direct comparisons finally produced such discordant results
that regulatory agencies began to explore alternatives not
dependent on the stoichiometry of iodide oxidation. The two
most popular alternatives are gas phase titration (GPT) (1)
and ultraviolet absorption spectrophotometry (UV) (7). The
GPT method depends on the stoichiometric fast reaction of
ozone with nitric oxide and requires accurate measurement
of now fates. In addition, the user must either prepare a
known mixture of nitric oxide in an inert gas (which has its
own pitfalls) or trust such a primary standard provided by
some third party. This may not be readily available in some
parts of the world. The ultraviolet method is more direct but
does require a special long path cell (1-5 m) since 1 ppm of
ozone absorbs only about 3% of an ultraviolet beam per meter.
The error in measurement of either light intensity (with and
without 0 3) is magnified about thirty-fold by the necessary
Beer-Lambert law calculations of ozone for these parameters.

The method described in this paper depends on the
measurement of ozone by the pressure change which ac­
companies the conversion of a small portion of oxygen to ozone
in a closed system:

(I)

I Present addr...: Institute of Public Health 4-6-1 Sbirokanedai,
Minato-Ku, Tokyo lOB, Japan.

A very brief discharge of 12000 V through a trapped volume
of pure oxygen at atmospheric pressure produces about 1%
ozone. The decrease in total moles causes a decrease in either
volume or pressure or both depending on the apparatus. This
change can be used to calculate the amount of ozone formed.
In this study, the ozone formed had a volume of only a few
hundredths of a cubic centimeter so pressure change at
constant volume was used. After equilibration and mea­
surement, this ozone is swept into a dilution vessel of large,
known volume to achieve 8 known concentration in the
sub-ppm range. This method had previously heen used to
determine the infrared absorptivity of ozone (8, 9) and to
calibrate an older model ozone photometer as well as to
validate a potassium iodide procedure (10). In all four studies
the P IV "absolute" ozonizer gave consistent, reliable results.

In this study, a coulometric (Mast Development Co. Model
724.2) potassium iodide analyzer and two ultraviolet pho­
tometers (Dasibi Modell003AH) were tested. Each of these
could, in principle, be an "absolute" analyur (i.e., not requiring
calibration). The ultraviolet absorptivity of ozone is accurately
known and this instrument measures fractional ligbt ab­
sorption by digital techniques which can be used directly to
compute concentration. The coulometric analyzer is
"internally calibrated" if a stoichiometric yield and mea­
surement of electrons is assumed. But no instrument is
foolproof, so independent calibrations are required at least
for verification. Owne analysis is especia\ly vulnemble because
decomposition to oxygen is thermodynamically favored and,
if it occurs in air, it would likely go undetected because of the
excess of oxygen, and traces of catalyst could easily cause such
decomposition. The present method permits the monitoring
of such ozone loss for all steps except the transfer from
ozonizer to dilution bottle.

EXPERIMENTAL
Apparatus. The major elements of the calibration syatem

(sbown in Figure 1) are the PIV ozonizer, the dilution bottle (46.6
L), and the instrument to be calibmted. The dilution flask should
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Figure 2. Sampling at 1.51 l/mln dilutes the standard at the rate
calculated lor perfect mixing (UV photometer)

RESULTS AND DISCUSSION
Having demonstrated that the bottle did not destroy ozone

appreciably, comparisons were made between the ozone
calculated from the pressure change and that indicated by the
two photometers. Each of these instruments had been cal·
ibrated by comparison with the standard photometer of the
California Air Resources Board prior to these teets. Combining
data from the two photometers yielded a l.ast squares
equation of [O,(UV)j = 0.97[O,(ilPl) - 1 (in ppb) with a
correlation coefficient R of 0.998. In these tests, the slopes
of the logarithmic concentration va. time plots (of which Figure
2 is an example) gave calculated dilution flow rates within 10%
of the measured flow rates.

Figure 2. Charcoal filtered room air was allowed to enter the
dilution bottle through the lube shown. For perfect mixing the
concentration should decrease at an exponential rate

F
C = Coe-trW"; In C = In Co - VI (3)

with F = 1.51 L/min es sampled by one of the UV photometer.
(Dasibi 15) and V = 46.6 L; the halftime for dilution is (46.6/1.51)
x In 2 = 21.4 min. The flow rate through another photometer
(Dasibi 06) was 0.6 L/min giving a halftime of 53.8 min. (These
photometers have built-in flowmeters.) The solid line in Figure
2 shows this theoretical dilution rate superimposed on the
concentrations from the recorder trace. The agreement shows
two things.

(1) The assumption of good mixing is valid (otherwise the plot
would not be linear).

(2) No significant decomposition of ozone occurred during the
sampling period (otherwise the fate uf decrease would exceed that
caused by dilution). Since ozone decumposition in the ozonizer
is also monitored by the pressure measurement. only the transfer
step itself (a few seconds) is unvalidated. A loss here would not
be the same from test to test.

The calibration point was taken to be the concentration ex­
trapolated to zero time. In routine use, it would nol be necessary
to measure the sample flow rate since it does not enter into any
calculation. This is an important advantage of the P IV method.
To verify the stability of the owne in the bottle, sampling by the
UV photometer was interrupted for various time intervals and
the concentration (back extrapolated to time of reconnection) was
compared with the final value of the preceding sample period..
Figure 3 demonstrates the good agreement which was obtained.
In this figure, the number of minutes of interruption is shown
adjacent to each point.

figure 1. Ozone generated In the 1.89'fT1.. volume by electrical
discharge Is measU'ed by pressure change on the oil manometer and
dIIu1ed Into the Ierge bollle

be large 80 that the instrument being calibmted will reach e steady
reading without excessive dilution of the calibration mixture and
so that the amount of ozone generated in the ozonizer will be as
large as possible. For '/2 ppm of alOne in 46.6 L, 23.3 ~L of pure
ozone is required. If the discharge converts 1% of the trapped
olygen to ozone, the volume of the ozonizer should be 2.33 mL.
This is much smaller than the ozonizers used in previous studies
which fanged from 11.0 to 205 mL. The ozonizer volume was
measured by weighing with and without water before sealing the
3·legged manometer to the ozonizer body. The volume of the
connecting capillary was estimated to be 0.27 mL from its di­
mensions. This was added to give a total volume of 1.89 mL. This
is probably the minimum practical since the connecting volume
is an appreciable fraction of the total, and the accuracy of the
method depends directly on the accuracy of measurement of this
volume. The volume of the dilution bottle was also measured
hy water filling, one of the simplest and most reliahle of all physical
measurements. It is important that the temperature of the
ozonizer be the sarne after ozonization as before. This was kept
to ±O.02 ·C for I h, in spite of a 2 ·C change in room temperature,
by immersing the ozonizer in 8 water both in a vacuum jar to
provide a large heat sink and by covering the water with silicone
oil. Minimizing the time of ozonization (3-15 s) is also advan­
tageous. Provided uniform, constant temperature is maintained,
the volume of ozone can be calculated by applying conservatiun
of ma.. and the perfect gas law:

uo, = 2lf tip/P (2)

where Uo, and V are the volumes of owne and of the ozonizer 0.89
mL), respectively, and ApiP is the fractional change in pressure
which accompanies ozone formation. Silicone oil of 0.963 g/mL
density was used in the 3-legged manometer 80 formation of 1%
ozone causes a pressure decrease of 5.37 ern at constant volume
and 1 aim pressure. The third leg of the manometer was copped
with a small syringe and a screw to manipulate the manometric
fluid so that the trapped volume would be constant. The viscous
silicone oil required 80me time to drain from the walls of the 2-mm
i.d. manometer. Complete drainage is not necessary. however,
80 long sa pressure equilibration is attained. In addition, a few
minutee were required to establish thermal equilibrium. Keeping
the discharge time short also minimized the time necessary for
this. It should be noted that owne decompoeition which occurred
in the ozonizer during the equilibration period would not cause
any error since the pressure at any instant truly reflects the
amount of ozone presenL Nor is there any error caused by lack
of ozone generation in the connecting capillaries. Again the
pressure reflects the total number of moles without any as·
sumption of uniformity of concentration. Any ozone which
dissolved in the manometric fluid would of course be lost but the
contact here is minimal.

Proced""'o Mter measurement of the pressure difference, the
owne was swept immediately into the dilution bottle with a small
volume of olygen and allowed to mil. Since the P IV ozonizer
has a volume of only 1.89 mL, 20 mL of olygen is more than
adequate to transfer the ozone with little loss in the bottle due
to dilution, Contact time in this transfer i. minimized. Then
the anaJ.yzer was connected to the bottle and the concentration
was recorded VB. tim.. Sampling from a limited volume of course
causes dilution of the ozone at a measurable rate as shown in

I 40 b ~
O'.VJ U.
!WTT,r

..



Figure 3. No significant loss of ozone occurred dlUlng time Intervals
comparable to those needed to calibrate the UV analyzer

The PIV ozonizer was also used to evaluate a coulometric
KI analy.rer (Mast Development Corp.). Although the contact
time between the air sample and the reagent in this analyzer
is of the order of seconds, the time for nearly full response
is greater than 20 min. This long lag increases the potential
error in the back extrapolation so the equilibration time was
reduced by pre-equilibrating the analyzer with a second ozone
stream of similar concentration generated by an ultraviolet
lamp. This procedure reduced the equilibration time by one
half.

Trials with charcoal-filtered room air as a diluent gas gave
very low results, so most of the experiments were done with
cylinder nitrogen. The current (in microamperes) produced
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by the analyzer was compared with that calculated from the
ozone concentration according to the formula

i = 0.0392CFPIT (4)

where i is current \PA), C = eoncn of 0 3 in ppb, F = sample
flow rate mLlmin, P is barometric pressure (atm), and Tis
absolute temperature (K). Linear regression yielded the beat
fit equation im•ud = 1.04i..... - 0.03 with R = 0.999.

Again, it would not be necessary to measure flow rate in
a routine calibration of this analyzer. These results indicate
that the PIV ozonizer can be depended on to produce ac­
curately known quantities of ozone for the preparation of
primary standards for the calibration of ozone analyzers in
the range below 1 ppm. It offers a viable alternative to the
UV and GPT methods.
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Wet Digestion Method for the Determination of Mercury in Biological and Environmental
Samples

J. Ross Knechtel' and J. L. FrasBr

Wastewater Technology Centre, Environmental Protection Service. Environment Canada. Burlington. Ontario L7R 4A6. Canada

Cold vapor atomic absorption spectrophotometry has
proved very effective for the determination of mercury in a
wide range of sample types. The original procedure described
by Hatch and Ott (1) and modifications such as those sug­
gested by Uthe et al. (2), Bishop et al. (3), and Hendzel et al.
(4) depend on wet oxidation by a combination of concentrated
nitric and sulfuric acids, some heat, and usually an oxidizing
agent such as potassium permanganate.

When measuring the mercury content in botanical samples
and sewage sludges, the main consideration is the high carbon
content (vegetation samples: 4ll-50%; dried sewage sludges,
15-30% C). Carbon acts as a strong reducing agent on
mercury during sample digestions. This commonly leads to
volatilization losses of mercury. Because of this difficulty,
usually only small amounts of sample (about 0.1 g) are taken
for analysis when evaluating plant tissue or sewage sludges
for mercury content by cold vapor atomic absorption (2-4).
As the mercury content in vegetation samples is usually very
low (Ill-50 rij!,/g), the O.I·g sample weight would be insufficient
for a reliable and accurate mercury determination. Thus a

need for a method capable of handling laIger sample weights
exists.

Malaiyandi and Barrette (5) published a wet oxidation
procedure for total mercury analysis capable of the digestion
of up to 5 g of sample. The method, however, required special
glassware, at least a l-b digestion, and constant attention.
These aspects made it impractical for the routine determi­
nation of mercury.

Deitz et al. (6) described a variation in the Malaiyandi et
al. (5) method. The Deitz method appeared to be more
practical than the Malaiyandi method as the special glassware
was eliminated and constant attention was no 10rij!,er necessary.
However difficulty was experienced in obtaining accurate
results using the Deitz et al. (6) method and the use of long
neck volumetric flasks presented some practical difficulties.

The proposed method is a modification of the Deitz (6)
procedure. An aluminum hot block with digestion tubea is
utilized for sample preparation. The new method has proved
to be sensitive, fast, accurate, and reproducible. It has been
used successfully on grass tissue, fish tissue, sewage sludges,
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Table II. Comparison of Results Obtained on Fish
Samples Using the Proposed Method and Other Methow

a NAA::: neutron activation analysis. b Cold vapor
atomic absorption following cool (60 0 C) digestion using
H~S04 and HlO).

3.3

C Pro-

4.3
12.2
11.4

6.5
31.4
10.0

0.017 ± 0.004 23.5

present
method. Jlg/g

0_152 ± 0.005

0.016 ± 0.002

certified value,
Jlg/g

0.155 , 0.015

measured
result,

Jlg/g Hg,
(proposed result method

sample method) (other) used

I 0.16 0.15 (1O)b
2 0.17 0.15 (1O)b
3 0.18 0.15 (I (J)b
4 0.18 0.15 (1O)b
5 2.1 1.5 NAA"
6 0.12 0.18 NAA
7 4.80 4.6 NAA

material

Table I. Accuracy and Precision of Proposed Method

preci­
sion,

%

NBS Orchard
Leaf

NBS Bovine
Liver

sludge B (8) 26.5< 25_7 ± 1.1
ocean perch . N/D" 0.049 ± 0.006
SO-1 d ·0.022, 0.003 (9) 0.022 ± 0.003
SO-2d 0.082 ± 0.009 (9) 0.100 ± 0.007
SO-3d 0.017 ± 0.006 (9) 0.0141 0.004
SO-4 N/Ab (9) 0.03310.003

a N/D::: not determined. b N/A::: not available.
posed value. d Reference soil samples.

or suitable aliquot diluted to 100 m}. was transferred to the
mercury reductiun nask. After addition of 10 mL of stannous
chloride (10%). the aspirator was placed into the mercury re·
duction flask as rapidly as possible, and the mercury was purged
into the absorption cell using compressed air (J800 mLjmin).

The amount of mercury in the sample was calculated by
l'omparing the recurder response for samples vs. that for known
standards which were determined daily.

RESULTS AND DISCUSSION
Accuracy and Precision. The accuracy and precision of

the present method were e\'aluated using reference materials
with certified or accepted concentrations of mercury. The
results arc shown in Table I. The accuracy and precision
demoJl!5trated by the analysis of reference materials are quite
acceptable.

To obtain further precision data on mercury in fish tissue,
a bulk sample of ocean perch was prepared and analyzed. The
data are presented in Table I.

Additional fish samples were also analyzed for mercury by
the method described. Portions of these same !5amples were
analyzed by other laburatories recognized for their expertise
in mercury analysis. The comparative results show satisfactory
agreement Crable II).

Information on the application of the proposed method to
soil sample analysis was also obtained. Mercury analyses were
performed on four soil samples (SO-I to 80-4) which con­
stitute part of the Canadian Certified Reference Materials
Project (9). A summary of the results obtained is presented
in Table I.

Detection Limit. With the system and method as de­
scribed using a sample weight of 0.5 g, the detection limit is
0.01" Jlg/g Hg (fish samples, sewage sludges, vegetation samples.
and soil samples).

Applicability of Method. The method is particularly
suitable for routine work where n simple, rapid, and accurate

UAflAEL,Of 50 mf
OISf'OSAOI..E PLASTC
SVAAGL:

Figure 1. Welghing device used on anatytical balance

and soil samples. The detection limit is 0.01 Jlg/g Hg.

EXPERIMENTAL
All glassware used should be rinsed with concentrat.ed nitric

acid and distilled water.
All digestions were carried out in a fume hood. Samples \\-'ere

saturated with nitric acid before hent wa.<;, applied (see Digestion),
Foaming som~times occurred upon the addition uf nitric acid.
Heat was not applied until this condition subsided.

The mercury-laden vapor was dried using a drying trap of
concentrated sulfuric acid as described by Kothandaraman et {II.
(7). The sulfuric acid in this trap was changed daily. At the outlet
of the absorption cell. an activated carbon filter and a saturated
acidic potassium pcrmaugannte solution were used t.o remove thc
mercury vapor.

Apparatus. Samples were digested ill FoHn dige~ti()n tubes
calibrated at 25 and 50 mL. The tuhes were heated in an alu­
minum hot-block (26.5 Clll X 19.0 cm x 7.:, cm) with 24 holes 2.54
cm in diameter and 5.6 cm deep. The block was heated on a small
hut-plate capable of gencrating: und maintaining: a temperature
of 160 'C.

Mercury measurements were made lIsing a Fisher Scientific
Hg-3 mercury meter equipped with a Hewlett-Packard recorder
(model 71018-24).

A 250-mL buttle fitted with all aspirator was used to ",enerate
mercury vapor for measurement.

Reagents. Stannous chloride {l0% I WllS prepared by diluting:
840% stannous chloride solution (in cuncentrated hydrochloric
acid) with distiUed water. Both sulutions should be stored in dark
bottles.

Mercury standard solution (1000 ppm) was prepared by
dissolving 1.353 g of reagent grade HgCI, in 1 L of distilled
deionized water. A working standard solution 00 ppm) was
prepared from the stock by diluting 10 mL of the stock standard
solutiun to 1 L. to which 10 mL concentrated nitric acid and 13
mL of 0.25 N K,Cr,O, solution had been added. This solution
was stable for at least :.3 munths. Nitric acid and potassium
dichromate may contain some mercury and the working standard
solution should be checked against u similar dilution of the stock
solution which d()('s not contain any presen'ati\'es in oroer to
obtain its true concentration.

Recommended Procedure. Djgt'~t;Ol1. An appropriate
amount of sample (0.50 g: for vegetatiun. suil, fish, and sludge
samples) was weighed into 8 Folin dig:estion tube using a device
such as the une shown in Figure J. Reagent grade V205. 80 to
100 mg. were added folluwed by 10.0 mL of concentrated nitric
acid. After the foaming subsided, the tube and contents were
heated in the hot·block (at 160 'C) for 5 min. The lube was
removed. and cooled before 15.0 mL uf concentrated sulfuric acid
were added. The tube was then replaced in the hOl-block for 15
min, then removed and allowed to cool. A "blank" digestion
containing all the reagents was also done along with samples.

Determination of Mercury. The digested sample was
transferred cautiously to a graduated cylinder and made up to
a total volume of 100 mL with deiunized water. The whule sample



approach is required. It is appealing to the small laboratory
since it allows for the digestion of a large number of samples
in a small working area (in this case 24 samples in an area of
26.5 X 19.0 em). The digestion process is simple in comparison
to Hatch et al. (1) and Uthe et al. (2). Chemicals such as
potassium permanganate and hydroxylamine hydrochloride
are no longer required. The use of vanadium pentoxide as
the catalyst is a decided advantage. This chemical may be
rendered mercury-free by incineration. The use of digestion
tubes reduces the space requirement for digestion.
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Probe for Direct Exposure of Solid Samples to the Reagent Gas in a Chemical
Ionization Mass Spectrometer

Robert J. Coller

Johns Hopkins Unlversily School 01 Medicine. Department 01 Pharmacology and Experimental Therapeutics. Ban/more. Maryland 27205

Mass spectroscopists have for a long time been interested
in obtaining spectra of nonvolatile and thermally labile
compounds. In the past, it has usually been necessary to
derivatize such samples to produce a more volatile or thermally
stable compound for introduction into the ion source via a
direct probe or gas chromatograph. Chemical ionization is
often used to enhance the abundance of the molecular ion and
to reduce fragmentation. More recently, field desorption has
been used to produce intense molecular ion species from
nonvolatile compounds without the need for derivatization.
However, this technique is not readily available to many.

Recently, there has been increased interest in methods
which involve exposing the sample directly to the electron
beam or the reagent gas plasma (1-4). One attraction of this
approach is that it requires only simple modifications to enable
its use in conventional mass spectrometers having El or CI
sources.

To date, several critical operational parameters have been
identified for these direct exposure methods. Ohashi et al.
(2) and Hansen and Munson (4) have made systematic studies
of the effect of the sample position relative to the electron
beam. Baldwin and McLafferty (1), Hunt (3), and Hansen
and Munson (4) have all suggested the importance of a
nonmetallic surface, such as glass or Teflon. Finally, the
effects of temperature and heating rate have been investigated
by a number of authors (3-6).

In our laboratory we have designed a number of probes for
our DuPont 21·491 mass spectrometer. which allow for direct
exposure of the sample to the reagent gas inside the source.
Because of our own preference for leaving the ion source intact
for other work, these designs have focused on modifications
of the direct probe itself. It is the purpose of this paper to
present a simple design for a probe which we have found
produces good spectra in many cases for compounds which
we previously needed to derivatize.

EXPERIMENTAL
Experiments were conducted on a DuPont 24-491 double

focusing mass spectrometer, interfaced to an INCOS data system
and having a combination ellEI source. Isohutane was used 88

the reagent gas at 8 source pressure of approximately 0.5 Torr.
Source temperatures canged between 200 to 380 °C.

The direct exposure probe tip was designed as a replacement
for the recessed quartz sample holder which is ordinarily mounted
on the 21-491 direct probe. It is made from a single piece of
I I.-inch Vespel rod, available from E. I. DuPont de Nemours,
Wilmington, Del. The design is shown in Figure 1. When in
position in the ion source, the tip is approximately 2 rom from
the center of the electron beam. The tip makes an angle of
approximately 45° with the electron beam, but is perpendicular
to the path of the ions leaving the source. Adiagram of the entire
probe and ion source which illustrates this geometry is shown in
~'jgure 2.

Samples were deposited on the probe tip by dusting the solid
on the tip, or by applying the sample to the tip in solution and
allowing the solvent to evaporate.

RESULTS AND DISCUSSION
Using the Vespel probe we have obtained good spectra for

representative samples of a number of classes of thermally
labile compounds. For example, an MH+ peak was obtained
from arginine (hydrochloride) at mle 175 with 5% relative
intensity. The spectrum is shown as Figure 3. MH+ ions of
mass 132 were observed from creatine with II % relative
abundance. The enhancement of abundance of these two
molecular ion species is comparable to that observed by Hunt
(3) using a field desorption emitter and by Munson (4) uSing
a Teflon extension as direct exposure probes. Neither arginine
nor creatine produce MH+ peaks using the normal direct
probe.

Sucrose, introduced on the Vespel probe, produces a
protonated molcular ion species of mass 343 with 1.20/. relative
abundance. This is considerably higher than the abundance
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Figure 1. Cross section 01 direct exposure probe tip
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Figwe 2. Schematic diBgram of the probe assembly filled with the
direct exposure probe tip and Inserted into the 21~491 source
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Figure 4. Chemical kJnization mass spectrum of sucrose. Source
temperature was 230°C
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Flgwe 3. ChemlcallonlzalJoo mass spectrum of arginine hydrochloride.
Source temperature was 310°C

obtained recently using rapid heating and photoplate detection
(7). The spectrum of sucrose is shown as Figure 4.

In our laboratory we have been interested in obtaining mass
spectra of a number of glucuronides. In the past we have
always formed derivatives of these compounds in order to
produce a spectrum with a clearly recognizable molecular ion
species. Figure 5 shows a mass spectrum of p·nitrophenyl­
Il-I>-glucuronide obtained using the direct exposure probe. The
MH+ ion at mass 316 is easily identified.

In a number of cases we have used the extended Vespel
probe tip simply to enhance the abundance of molecular ion
species where it is either weak or difficult to obtain repro·
ducibly using the conventional quartz sample holder. Bilirubin
is such an example. Using the Vespel probe we easily detected
the MH+ ion of bilirubin at mass 585 as the base peak in the
chemical ionization spectrum. The probe also provided an
improved spectrum in the El mode, producing a molecular
ion of mass 584 of 40% relative abundance.

Vespel was chosen for fabrication of the modified probe tip
reported here for a variety of reasons. It is easily machined.
The Vespel probe tip serves both as a relatively inert surface
for sample support and as a good electrical insulator between
the ion source voltage and ground. Its thermal conductivity
is somewhat higher than that of Teflon, and allows the sample
to be heated. As an important advantage over Teflon, Vespel
retains ita rigid shape after repeated heatings (up to 380 ·C
in our source). We have also found that the Vespel surface
does not require cleaning between sample loadings, other than

Figure 5. Chemical ionization mass spectrum of p-nltrophenyJ-,B.
o-glucuronkie. Source temperature was 220°C

exposure to the elevated temperatures of the ion source. In
addition, because the sample surface area is slightly porous,
samples deposited from solution or by dusting generally adhere
better than they do on a glass probe.

Like all direct probe spectra. the quality of spectra ob­
tainable from the direct exposure probe is sensitive to sample
temperature and heating rate (3-6). In addition, the spectrum
with the largest relative abundance of molecular ion species
is often recorded only a few seconds after insertion of the
Vespel probe. Thus, an instrumental system which provides
rapid repetitive scanning is advantageous. Peaks having mle
values higher than the MH+ ion are sometimes observed, but
can generally be reduced or eliminated by decreasing sample
size. With some samples, we have as yet failed to produce
any meaningful spectra.

In conclusion, however, the probe design described here for
the DuPont 21-491 will produce spectra of good analytical
quality for many compounds not susceptible to analysis with
conventional direct probes. In addition, the probe composition
and geometry suggested in this paper can undoubtedly be
adapted to other mass spectrometers having a chemical
ionization source.
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Spectrophotometric Determination of Secondary Amlnes

slope"

0.076
0.043
0.025
0.064

1.14 X 10'
1.18 X 10'
1.09 X 10'
1.26 X 10'

0-3
0-12
0-4
0-7

conen
range, ppmamine

diethylamine
dibutylamine
dibcnzylamine
morpholine

no. of detection
secondary sam- abs., limit,

amines pies ppm 434 nm abs. SD ppm

diethyl- 6 2.46 0.187 ,0.003 0.02
amine

dibutyl· 6.14 0.276 ,0.003 0.07
amine

'dibenzyl- 6 3.69 0.097 ,0.003 0.04
amine

morpho- 6 8.00 0.516 ,0.011 0.01
line

Table 11. Summary of Results of the Direct
Detennination of Secondary Aminea

o Slope is equal to absorbance divided by ppm concen­
tration.

Table I. Beer's Law Behavior of Copper
Bis(dithiocarbamate) Complexes

RESULTS AND DISCUSSION

The visible absorption spectra of various concentrations of
copper(lI) bis(dibutyldithiocarbamate) in chloroform are
shown in Figure I. These spectra are typical for all the
complexes reported. In all cases the copper:amine ratio was
found to be 1:2. Beer's law plots of all the solutions produced
linear plots with zero intercepts, The concentration range
studied, the molar absorbtivity at 434 nm, and the slope of
the Beer's law plot are given in Table I for the four amines
studied.

solution for dibenzylamine. Following neutralization with 2 N
hydrochloric acid, the solutions arc diluted to 1.00 L with saturated
ether/w8ter solution or water for dibenzylamine.

Stock solutions to deliver approximately 100 pg of copper can
be prepared by dissolving copper shot (99.99%) in nitric acid or
by dissolving CuCl,.2H,O in water. Solutions of 97.0 pg/mL and
105.8 pg/5.0 mL were prepared by the respective methods.

Analyzed spectral grade chloroform (Baker) and reagent grade
carbon disulfide (Fisher) were used without further purification.

Recommended Procedure. Transfer 10.0 mL of the seoondary
amine sample to a 125-mL separatory funnel; foUowed by 5.0 mL
of 1.2 M, pH 9.4 ammonia-ammonium chloride buffer; and 100
pg of copper(ll) stock solution. Add 0.5 mL of carbon disulfide,
followed by 10.0 mL chloroform, shake for 60 s, and aUow the
layers to separate. Add 1.0 mL of 25% (v/v) acetic acid, shake
for 60 s, and allow the two layers to completely separate.

For the direct method, transfer the chloroform extract to a
25-mL volumetric nask and wash the aqueous layer with a seoond
lO-mL portion of chloroform, combining the two extracts before
dilution to volume. A reference blank is prepared by substituting
an equivalent amount of water for the secondary amine solution.
The absorbance of the copper complex in chloroform is measured
at 434 nm va. the reference blank.

For the indirect method, the aqueous layer, foUowing extraction
and removal of the organic solvent traces (9), is diluted to 25.0
mL with distiUed water. The excess copper can be analyzed using
AA and a standard curve or spectrophotometricaUy using Gabler'a
neocuproine method (10).

(I)

K'N_C....-:·S'CIl/S·~C_N/R
H/ "',/ ",:/ "R' (2)

The direct determination has been used in principle by
several authors for the determination of dimethylamine (2,
3,8) and more recently for several alkyl and aryl amines (1).
Improvements in the direct determination and the devel­
opment of an indirect determination are reported in this paper
for a variety of symmetric secondary amines.

EXPERIMENTAL
Apparatus. Spectrophotometric measurements were made

using l.00-cm matched ceUs on a Cary 14 spectrophotometer. A
Perkin-Elmer 137 infrared spectrophotometer was used to assay
the n·methylaniline. Atomic absorption measurements were made
using a Model 1301 Beckman Atomic Absorption system with a
DB·G spectrophotometer and recorder. A Model WL·22603A
Westinghouse copper hollow cathode lamp was used for all
measurements. Excess organic solvents were removed from the
aqueous layer prior to AA analysis using a simple vacuum method.

Reagents. Stock solutions of the secondary amines were
prepared from freshly opened bottle. of diethylamine (Fisher),
dibutylamine (Kodak), morpholine (MCB), n-butylaniline
(Aldrich), and dibenzylamine (Kodak). The stock solutions are
prepared by dissolving 1.00 mL of the secondary amine in 400.0
mL of saturated ether/water or 400 mL of (7:1l water:ethanol

I Permanent address: Pall Corporation, 30 Sea CUff Avenue, Glen
Cove, N.Y. 11542.

Dale H. Karwelk' and Carl H, Meyers'

Department of Chemistry, Wayne Slats Univarslty, DetroN, Michigan 48202

A rapid, selective method for the trace analysis of secondary
alkyl amines has been sought since the early 1930's. Primary
interest in these years was directed toward the determination
of secondary amines in pharmaceutical mixtures (1-3).
Recently it has been noted that nitrates found in food, either
added as a preservative or from nitrate rich soils, can be
reduced by bacteria to nitrite (4). The nitrite anion in the
presence of ppm amounts of dimethylamine in foods such as
spinach or fresh fish can react to form dimethyl nitrosamine
(5). Similar reactions can take place with the secondary
amines found in tobacco smoke (6-7). Because of the car­
cenogenic properties of nitrosamines, it would be desirable
to be able to determine not only trace amounts of nitrosarnines
hut also the unconverted secondary amines.

The reaction of carbon disulfide with dimethylamine was
first investigated by Dowden (8) as a possible method for the
detection of small amounts of secondary amines in biological
fluids. The reaction results in tbe formation of a dialkyl
dithiocarbamate complex which forms a stable complex with
metal ions. The reaction illustrated in Equation 1 requires
the presence of a base (ammonia or pyridine) to force the
reaction to completion. The copper bis(dithiocarbamate)
complex (Cu(DTC),) can then be extracted into a suitable
organic solvent such as chloroform or benzene and the
concentration of the amine determined directly from the
Cu(DTC), complex or indirectly from the amount of copper
remaining in the aqueous phase.
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b Atomic absorption

% absolute
ppm recovery SD

2.46 97.6 0.08
6.14 94.7 d.8
3.70 95.5 i 2.8
8.0 89.5 '2.2

0.0
0.0

Table Ill, Summary of Results of lhe Indirect
Determination of Secondary Amines

no. of
sam­

secondary amine pIes

diethylamincQ 6
dibulylamineb 7
dibenzylnmineo 6
morpholineo 6
n-methylanilineo 6
flobutylanilincG 6

a Visible spectrophotometry.
spectrometry.
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The method reported here offers several advantages over
previously reported determinations (1,8) which result from
changes in the solvent system. The basic changes result from
the substitution of ammonia for pyridine as the required base
and from the substitution of chloroform for the mixture of
isopropanol Wld benzene as the extraction solvent. In addition
to the replacement of toxic .olvents, these changes result in
a decrease in the color development time. Umbreit reports
that color development required 20 min for N-methylaniline
and ISO min for diethylamine (I). By replacing pyridine with
ammonia, this was reduced to less than 15 min for all the
amines reported in this paper. Ho\,,'cver, it should be noted
that with this solvent system the N-alkyl aniline. do not
produce complexes which are extractable in chloroform. No
absorbances were detected for Cu(ll) bis(dit.hiocarhamate)
complexes formed from N-methyl-, N-ethyl-, or N-butyl­
aniline. Thil:i may result from the substitution of ammonia
for pyridine (12,13).

A further advantage is derived from the development of the
indirect determination. The indirect method can be used to
either corroborate the results of the direct determination or
as the primary method for samples which contain spectral
interferences. This would include interferences caused by
sCllttering and other overlapping absorbance bands.

450 500
WAVELENGTH,nm

Figure 1. Absorption spectra of Cu~bls(dibutytdithiocarbamate).

Concentrations of Cu(OBOTC), in CHCI,: (1) blank, (2) 3.00 ppm. (3)
6.1 ppm, (4) 9.2 ppm, (5) 12.3 ppm

The slope of the plot is given by the absorbance divided
by the concentration in ppm. The precision of the direct
determination was determined via replicate determinations
on a known "unknown", The results of the precision study
are summarized in Table II. The detection limit is defined
8S the concentration which produces 8n absorbance equal to
three times the standard deviation of the blank. The indirect
method for analysis of the secondary amillcs is based on the
determination of the copper(1I) ions remaining in the aqueous
solution. The neocuproine spectrophotometric method (10)
was used for all the amines except dibutylamine which was
determined indirectly by atomic absorption spectrometry. The
precision of the method was studied in two ways. First,
multiple samples of "known unknowns" were analyzed and
the percent recovery was determined. Second, the amincs were
analyzed by both the direct and indirect methods. The results
of these studies are summarized in Table Ill. The con­
centrations listed in Tables II and III are the concentrations
expected in the extract. based on the known concentrations
of the corresponding secondary amines.

In all cases the slope of the plot of the amine concentration
determined by the direct method vs. the concentration found
by the indirect method was found to be equal to the previously
determined percent recovery. Additionally the standard
deviation of the slope was found to be nearly equal to the
absolute standard deviation determined in the recovery ex­
periments. The slopea and standard deviations were cal­
culated using a standard linear curve fitting method (11). The
calculated intercept in all cases was equal to or less than the
probably error calculated for the indirect method. Using either
method of analysis, 6 samples plus blank can be completed
within I h. The solutions of copper(lI) dithiocarbamates show
no change in absorbance over a period of several days.
Therefore the spectrophotometric procedure need not be
performed immediately.
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Now you can weigh with ana­
lytical precision (0.1 mg) on a fully
automatic electronic top-loader.
or on a fUlly automatic electronic
suspended-pan balance, as the
weighing situation or your personal
preference dictates.

The new top-loader that weighs
with analytical precision is our
Model 1201 MP. Compact and very
aHordable, this addition to our popu­
lar 1200 Series has a capacity of
30g and weighs 100.1 mg at the
touch of a bUllon. Its many advanced

features include a buill-in micro­
processor, instant electronic taring,
memory and weight recall, BCD
output for printer connection, and a
large, bright digital display with
reading stability indicator. Pan
access is provided from the top and
both sides of the glass enclosed
weighing chamber.

For 0.1 mg precision in an elec­
tronic analytical balance, we oHer
our new Model 2003MP. Fully
automaticllush-bullon operation
and other features are similar to our

electronic top-loaders. In addition, a
door-activeted switch blocks dis­
play of the last digit except when
both chamber doors are closed,
thereby preventing air current­
induced instability of the readout.
With a capacity of 166g, larger
pan and larger weighing chamber,
the 2003MP Is more versatile and
somewhat more cosily.

For literature write: Sartorius
Balances, Division of Brinkmann
Instruments, Inc.. Cantiague Road,
Westbury, N.Y. 11590.

-
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Sartorius introduces an
electronic top-loader with
the same precision (O.1mg)
as our new electronic .
analytical balance.
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