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cal Research Center, Institute of Biophysics, POB 521, H-6701
Suged, Hungary Anal. Chern.. 51 (/979)

Diagnosis and Correction ot Wedging Errors In
Absorbance Subtract Fourier Transform Infrared
Spectrometry 495

The wedging effects in absorbance subtract spectrometry
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• Corresponding author.
• Supplementary material available.
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Matrices by X-ray Fluorescence Spectrometry with
Incoherent Scattered Radiation as an Internal
Standard 511

Analyses of approximately O.5-g samples, prepared as thin
uniform specimens, give results accurate to within ± 10%,
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Materials by Opllcal Emlsslon Spectrometry 516

No buffers are needed for rock analyses by ICP in whieh
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Jan·Ola Burmaa and Kurt Bostrom: Department of ~:amol11ic
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Control. National Institute fur Occupational Safety nnd Health,
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By proper selection of the time at which the reaction rate is
measured, 20% variation in enzymatic activities will cause
less than a 2% variation in the initial suhstrate concentra·
tion rate.
J. E. Da"is- and Jeff Pevnick. Divisiun uf Laboratury Medicine.
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by Mass Spectrometry and High Performance Liquid
Chromatography 534

The detection limit for ubiquinone using the direct inlet se·
leeted ion monitoring method is 0.1 ng.
Sukchiro lmabayuhi,- TelSuY8 Nakamura, ¥oJihio Saw8,
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Co., Ltd., Koishikawa 4, Bunkyo-ku, Tokyo J12, Japan

Anal. Chl'm .. 51 (/979)

432A • ANAlYTICAl CHEMISTRY. VOl. 51. NO.4. APRIL 1979

Stoichiometry 01 the Reaction 01 Electrons with
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He-sults I£'nd support to assumptions of chemical reactivity
inherent in the use of the ECD us n ~ns.phase coulomcter.
E. P. Grimsrud- and S. II. Kim, DCIHlftmcnt uf Chcmi~try, ~'1on·

tnnll Stnt(' lJni\'£'rsity. BOZCIlHIll. MUIlt. !)9717
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I. B. Rubin-, Biu/Ort!:uniC' Analysis Scttion. AnalytiC'ul Chcmistry
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Alternative to Collision tnduced Dissociation 547

The spectra obtained using cyclotron resonunce spectrome·
try are analogous to those obtained by collision induced
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It. B. Cody and B. S. Freiscr,· )('partmcnt of Chemistry. Purdue
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"f±IO'>..
Timothy S. Rates· and Roy CarpenlC.'f, nt'partment ufOC'ean~.
mphy. University uf \\'ashint!:tun. Seattlt·. \\'osh. 9S195
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Electrolysis cell with an aniun·~xchonJ.:emembrane sheath
responds to nitrate duwn to 6.7 X IQ-ii M. Currents mea­
sured at 8 min yield working curves with n slupe uf 1.91 ±
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Chromatix
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better
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1 All Polymers meesured. We

• measure molecular weight of
all types of polymers. including
synlhetic and biological. linear or
branched. water or organic soluble.
small or large. at low temperalures
or high lemperatures. In addition.
we can supply everything you need
for molecular weight data processing.
detection, and separation-either as
a system or as modular components.

2 Results In Minutes. We can
• provide answers in minutes to

such complex data processing
problems as the determination of
molecular weight (MW) distributions
or diffusion coefficients. For
example. using Chromatix lurnkey
software. our power'ul disk·based
Laboratory Data System can calcu·
late MW distributions from on-line
gel permeation chromatographic
data (GPC) and automatically plot
Ihe resulls. We also have turnkey
software for automatic calculation
01 diffusion coefficients. particle
sizes. absolute molecular weight
and MW distributions. To build your
own custom programs. we offer
LOS system disks lor FORTRAN
and BASIC. Our system Is also
PDP-l1 software compatible.

3 Unique MW Detector. To
• rapidly measure absolute

molecular weight without external
calibration. we offer the KMX-6 Low
Angle Laser Light Scattering Pho­
tometer. This unique detector
measures absolute molecular weight
rather than relative weight or mo­
lecular size. It operates with very
small sample volumes and minimal
sample preparation. When used
wilh a GPC. it provides on-line MW
distributions independent 0' GPC
column calibrations.

4 Aqueous Chrometography.
• For separation in liquid

chromatography. our new line of
Aquapore'· columns and our new
constant flow HPLC pump are
specifically designed 'or use with
water soluble macromolecules. Yet.

Ichromatixl
Specialists In Molecular Wel9hl

they handle polar and non-polar
organic solvents just as success'ully.
We also offer other types 0'
columns. plus valves. injectors. and
plumbing components.

5 Comprehensive Teehnk:al
• Backup. We offer a wide range

of technical backup including de­
tailed application literature. user
training courses. and a fully statted
and eqUiPped applications labora·
tory. For complete techni.:al and
application information. check #35
Laboratory Data System. #36 KMX-6
Detector. #37 Pump and Columns.
#38 Applications in Synthetic Poly­
mers. #39 Waler Soluble Polymers.
#40 Biopolymers. #41 Low
Molecular Weigh!. #42 technical
representative to call.
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Metalllzed·Plastlc Optically Transparent Electrodes

565

Polyester sheets covered with thin films of gold or indium/
tin oxide nre used as optically transparent electrodes.
R. Cieslinski and N. R. Armstrong,· Department of Chemistry.
University of Arizona. Tucson. AriL S5721

Determination of Nitrogen and Oxygen Functional
Groups in Coal-Derived Asphallenes 569

Absorpli\'ily \'Dlups ofOH <Ug·em) ond NH <Ug·em) are
0.066 ± 0.002 wI % OH ond 0.052 ± 0.006 wI % pyrrolie ni·
trogen.
Ining Schwager and Tch Fu Yen,· Chemi('ol Ent::ineering De·
partment. University of Southern Califurnia. Univcrsity Pork, Los
Angeles. Calif. 90007 Anal Ch.'m .. 51 (/979'

Determination of Nitrogen In Atmospheric Aerosols by
Proton Activation Analysis 572

Sensitivity extends to 0.1 ~glcm:! corresponding to 200 ppm
in a y.mple of thickness 500 ~glcm:!. The accuracy, when
compared with the destructive comhustion method, is ap­
proximately 14%.

Mark Clemenson, Tihomir NO\'akov, and Samuel S.l\1arko­
will..· Department uf Chemistry and l..nwrencc Berkeley t.abora·
tory. Univcrsity of California. B~rkcley,Calif. 9-1720

Anal. CJU'm .• 51 (1979)

Aids for Analytical Chemists

Thln·Layer Spectroelectrochemlstry lor Monitoring
Klnellcs 01 Electrogenerated Species 581

Rate constants obtained for the ocid·cotalyzed benzidine
rearran~ement ore 2.8 X 10-3 s-1 in 0.05 F Hel and 3.0 X
10-2 s-' in 0.10 F Hel.
Elmo A. U1ubuu~h. Alexander 1\1. Yacynych. and William R.
Hcineman,- Dellartment or Chemistry, Uni\'ersity ufCincinnoli.
Cincinnati. Ohiu "';'221 Allol. ehem.. 51 (1979)

Conllnuum Source Atomic Fluorescence Detector lor
Liquid Chromatography 575

Retention data reported for the acetylation reaction of fer­
rncene are in agreement with those ohtained using the con­
ventiunnl UV molecular absorption detector.
Dary) D. Sicmer: Prubhakaran KOlcel, Daniel T. Haworth,·
WilHam J. Tara8zcw8ki, and Stcphen H. UtWIiOn, Oepartmenl
ofChclllistry. Marqu(·tlc Univcrliity. Milwauk('c, Wis. 5323:1

AII"I. 011:111., 51 (19791
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Microprocessor-Controlled Dlgilallntegrator 'or
Nuclear Magnellc Resonance Measurements 579

F. Morley, I. K. O'Neill. M, A. ('ringuer, and P. n. Stockwell,·
Lahorotmy of the Government ChemiKt, Curnwnll IitJuKe, StoOl­
furd Sl., London S~: 9NQ, United KinJ(dom

A""I. CIllom., 51 (1979)

'I RUGGED 0.6 METER
MONOCHROMATOR

The highest rhtoughpur monochromoror ovail·
able. rhe HR·IOOO arters on aperTure at F6.8
using a 120 x 140 mm holographic diffrOClian
gra~ng.

Feoruring high resolurian and full eampurer
comporibillry. the HR-l0oo I> Ideal tor plasma
emission. fluorescence. absorption. klnerlcs usJng
muJrlchoMel dereenon and. of course, laser
spearascapy. Send rodoy tor all the derails.

The Hl\5lsde~gned ro offerulrro·hlgh rhtoughput
w1.h excelle", resolurlon. Feorurtng hologrophlc
dlffrOClion gro~ngs up '0 110 x 110 mm In 0
600mmsysrem resullS Inon Incredible F4. 9 ope<·
""" ond very high srroy light reJedion.

Ideo! oppllco~ons Include ftu,,",scence. ob­
sorp~on. plosmo eml~on ond loser spearo·
¥,opy. Send rodoy lor oil the d'1',?lIs.

lrunumerws SA, Inc.'. J.Y Opricol ~ms OivIlion. 173ess.. A_. __ N.J. O<'l&Oo. (2011 494-6660.
Telex &44-5'6. In EUlOP". Jobin "-' 0ivIJI0n d'1nsrnr

=.~~.~~~.~~~Mr.""
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should ilol.xcced 100 .~'. Slore only
on l.v.1 floors and prolecl from damp­
n.ss, direcl sunlighl, and .xlr.m.
weather conditions. Chain each cylin~

der in on upright position. Store oxi­
dizing gases, oxygen, chlorine. etc., at
l.asl25 fL from fu.1 gases or prefera·
biy in another storage oreo. Do not
slor. oxyg.n cylind.rs on asphall or
neac other combustible materials; en­
riched oxygen is extremely dangerous.

CRYOGENIC LIQUIDS

Cryogenics may be defined as low­
temperature technology or the science
of ultrolow temperatures. To distin­
guish between cryogenics and refriger.
ation, 0 commonly used measure is to
consider any temperature lower than
-73.3·C (-100 ·F) as cryogenic.

There are currently more than 25
gases lhat are used cryogenically.
Seven g'oses, however. account for the
greatest volume of use and applica­
tions in research and industry. These
are helium (bp, -269.9 ·C), nitrogen
(bp, -195.8 ·Cl, fluorine (bp, -187
·Cl, argon (bp, -185.7 ·C), oxygen
(bp, -183 ·C), and melhane (bp,
-161.4 ·C).

Hazards of Cryogenic Liquids

The primary h07.ards of cryogenic
liquids Bre fire or explosions, pressure
buildup, embrittlement of structural
materials, contact with, and destruc·
tion of, living tissue, and asphyxiation.

The fire or explosion hS7.ard is ob­
vious when gases such as hydrogen,
methane, and acetylene are consid·
ered. The hazard may be greatly in­
creased wben gases thoughtlo be non­
flammable are used. Enriched oxygen
will greaLly incr.ase the flammability
of ordinary combuslibles and may
even cause some noncombustible rna·
lerials like carbon sleello burn readily
under lhe righl condilions (34).

Wood or asphall saluraLed wilh
oxygen has been known lo explode lil­
erally when subjecled lo shock. Since
oxyg.n has a higher boiling poinl
(-183 ·C) lhan nilrogen (-195.8 ·C)
helium (-269.9 ·C), or hydrog.n .'
(-252.7 ·C), il is possible lo condense
oxyg.n oUl of lhe almosphere and .n­
lrap il when using lhese low.r boiling
cryog.nic liquids. Particularly wilh
liquid hydrog.n, condilioJ1Jl may .xisl
for an explosion.

The dang.r of pressure buildup is
ever·presenL Since ml18t cryogenic
g..... are abov.th.ir erilicallempera­
lure, volatilizing g..... musl always be
vented, and expansion ratios in excess
of 1000/1 are possibl•. Any allempllo
contain these g..... will resull in an
explosion, the violence of which will
be proportional lo lhe pressure exert­
ed lo contain the g.... Ev.n in lhe case
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of the mosl ..harml..... g..... such as
nitrogen, helium, etc., one must be
.ver mindful of lhe pol.nlial hazard of
asphyxiation.

Malerials lhall10rmally arc dueli­
hie al ambienllemperalur.s may he­
corne eXlremely brilLi. wh.n exposed
to cryogenic temlwrulurcs. Some mct·
uls Imitable for cryoKenic tempera­
tures arc thc:100 series of stainlc~
steel ond uther austenitic sericH, cop·
per, brass, and aluminum. A number
of plastic materials such as Doerun,
Teflon, Kel·F, mylar, and nylon also
perform satisfactorily at low tempera·
tures.

"'-;ven II very brief skin contact with
cryogenic liquids is capable of causing
tissue damage similar to that of ther·
mal burns, nnd prulonKcd contact may
result in hlood clots with putcntiallv
vcry serious conscquenccs. .

The following guidelines should
therefore be adopted in handling cryo·
gcnic Ouids. Always wear eye protec­
tion, preferably a fnce shield. Wcar
gloves that are impervious to thc Ouid
beinK handled, and loose enough lhal
they can be lossed off. A pot holder
may be a desirable allernative. The
area should be w.1I ventilated. Do not
allow the necks of the containers to
become plu~ged with ice or other con­
densate. Use appropriate metal cryo·
genic containers. Avoid glass Dewars.
If the latter must be used, lape them
to prevent nying glass in case of im­
plosion/explosion. Use a hand truck in
transporting cryogenic liquids. Select
working materials suitable for the
temperatures involved. Cryogenic
storage conditions should follow simi·
lar guidelines.

It is almost impossible lo cover all
aspeclS of hazardous chemical safety.
Several topics such as waste disposal
hazards have nol been discussed be­
cause of space limitations. The impor­
tant subject of acute and chronic tox·
icily has only indirecl1y been lreaLed.
Tbe reader is slrongly urged lo consull
lhe eXlensive literalure andlor lhe
corporate safety officer regarding any
asp.cl of laboral.<>ry safely he/she may
be concerned aboul. Safe laboralory
conditions can be achieved only if lhey
truly become everyone's objective.
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Regulations W. T. Donaldson and A. W. Garrison
u.s. Environmental Protection Agency

Environmental Research Laboratory
Athens, Ga. 30605

Reporting Impurities in Commercial Products

A Master Analytical Scheme to identify and measure

trace organics in commercial products could solve

the regulatory reporting dilemma faced by industry

An earlier article in this series (J)
pointed to the necessity for an exhaus­
tive analytical development program
to meet proposed regulatory require­
ments by the U.S. Environmental Pro­
tection Agency for registration of pes­
ticides. The Federal Register (2) calls
for reporting all impurities in manu­
facturing use products and formulated
use products at 8 concentration of
0.01% or higher. The applicant must
also provide detailed analytical meth­
ods for all impurities reported. One
manufacturer has estimated that the
costs of complying with the analytical
methods development requirements
alone could be as high as $4.5 million
for the registration of a single house­
hold disinfectant. The bulk of these
costs is in the development of analyti­
cal methods for complex matrices. It
is reasonable to expect that similar
premanufacluring information will be
recommended for chemicals regulated
by the Toxic Substances Control Act.

Because of these costs, industry and
the ACS hsve both proposed that re­
Quirements for chemical analysis for
trace impurities be limited to only
those chemicals known to be toxic.
Unfortunately, analytical experience
to date has demonstrated that we can­
not accurately predict what chemicals
will be present at trace levels, and we
cannot always predict toxic effects
(PCB's were manufactured for about
40 years before research revealed their
harmful impact on fish and wildlife).
The need to know what is in commer­
cial products and the astronomical
costs of meeting this need under cur·
rent proposals create a dilemma and
a tremendous challenge to the analyti­
cal chemist-not a challenge to amass
armies of analytical chemists applying
traditional approaches to the problem
but a challenge to develop innovative
concepts that will provide adequate,
if not entirely complete. information
at a justifiable cost..

Jo'or example, a compromiRc might
be reached hetween EPA and industry
if 8 standard analytical protocol could
be developed that would identify and
measure all impurities at a concentra­
tion above a level low enough to be
considered inRignificant for the vast
majority of chemicals. Separate, more
sensitive procedures could be applied
for the determination of the vcry few
chemicals known to he of concern at
lower concentrations (e.g., 2,3,7,8­
tetrachlorodibenzo-p-dioxin). Appli­
cation of such a protocol might appeal
to both EPA and industry. The regu­
latory agency could be assured thot
a reliable and comprehensive analysis
of the product had been made by a
broadly tested protocol. The industry
could he assured that it had fulfilled
its regulatory ohligations. The cost of
applying such a protocol should be
reasonable, particularly if commercial
Jaboratories geared up to provide the
analysis on a mass-production basis.
Although a standard qualitative­
quantitative scheme may not provide
the best possible analysis for every im­
purity in every product, the uniform
application of the protocol would like­
ly provide, by far, the largest amount
of valuable information at the lowest
cost.

Development of a comprehensive
analytical protocol for analysis for
trace impurities is not a pipe dream.
It can be done today by combining ap­
propriate state-of-the-art techniques,
and cost-effective and successful ap­
plication can be predicted with con­
siderable confidence. Experience with
the EPA analytical screening protocol
for consent decree priority pollutants
provides encouragemenL This proto·
col was hastily developed within a
three-month period to identify and
measure, by gas chromatography­
mass spectrometry, 114 volatile organ­
ic compounds in industrial waste­
waters at a detection level of about 10

ppb. Quantitation is precise only to
an order of magnitude. Approximately
12 different commercial and govern­
mentlaboratories have applied the
protocol to 5000 samples at an average
cost of about $700 per sample (less
than $7.00 per compound). The proto­
col is far from perfect, as pointed out
in a previous article in this series (3),
hut its use is encouraging for several
reasons: Even though the protocol is
somewhat complex and requires so­
phisticated equipment, it has been
hroadly applied at reasonable cost;
analysis of standard mixtures has
demonstrated acceptably comparable
results from different laboratories;
and although only 114 compounds arc
identified and quantitated, GC reten­
tion times and detector responses and
mass spectra are collected routinely
on every sample for many additional
compounds.

A logical next step is to put together
8 comprehensive method that pro­
videR for extraction of all compounds
and identification and measurement
of every compound for which a detec·
tor response and mass spectrum are
obtained. Currently, EPA is devel­
oping just such a scheme through 8

contract to the Research Triangle In­
stitute and Gulf South Hesearch Insti­
tute (4). This scheme will be based on
the usc of a computerized GC-MS sys­
tem. Sampling procedures, extrnc·
wnt-Ci, internal reference compounds,
GC columns, and MS operating condi­
tions will be specified so that all vola­
tile organics (those that arc amenable
to gas chromatography) will be identi­
fied and measured from data collected
on a single GC-MS run for each ex­
tract. Compounds are identified from
automatic computer spectra matching.
GC retention times and relative peak
heights arc computed by usc of inter­
nal reference compounds; recovery
factors and detector response factors
for identified compounds are retrieved
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from a computer library of data previ­
ously established for each chemical
class. Taken together, this informa­
tion allows computerized quanlitation
without reanalyzing the sample and
avoids the necessity to maintain thou­
sands of reference compounds. Gener­
ally, concentrations should be accu­
fate to within 8 factor of two.

The Master Analytical Scheme de­
scribed above is designed for use with
aqueous samples. Estimated detection
limits wiil be 10 ppb for effluents, 1
ppb for ambient water.;. and 0.1 ppb
for finished drinking woter. Cost of
application is est.imated at S3 000 per
sample. This cost is quite a bargain
when compared to a cost of SIO 000
for providing quantitati\"c information
for just the 114 consent decree pollu­
tants using the EPA protocol with suf·
ficient spike and blank runs to com­
pute reeO\"cries and detector re­
sponses.

To analyze commercial products.
the Master Analytical Scheme would
have to be "front ended" to provide
for dissolution of the product and its
impurities. It would also have to be
extended to nonvolatile compounds,
probably by use of high-pressure liq­
uid chromatography coupled wit h
mass spectrometry. Insurmountable
obstacles, then, no longer exist.

Assuming that these ohstacles will

be overcome shortly, the analytical
chemists can offer regulatory agencies
and industry the solution t.o the di­
lemma of chemicnlnnalysis for trace
impurities in commercial products.
Application of the entire protocol
could be made for $20 000. satisfying
the requirement to identify and report
impurities. No additional methods de­
velopment would be necessary; proce­
dures for extracting only the com·
pounds for which monitoring would
be required wuuld be already devel­
oped as a part of the protocol. The
mass spectrometer could be replaced
with less expensi"e detectors for mon­
itoring pre"iously identifird com­
pounds. (It is importallt to ns~ert here
thot nonchemists should uvercome
their paranoia ahout GC-mnss spec­
trometers. They nrc no longer "rarc
and exotic instruments." The" arc
used by more pollution contr~llabora­
tories today than the number of pollu­
tion cOl1trollaboratories using ~as

chromatographs 15 years ago. They
nrc. for many purposes. more econom·
ical to use than gas chrumatoJ{raphs
with other detectors.)

\Ve hereby challenge the analytical
chemist to complete the development
of the proposed system that will ~wlve

the problem of identifying and mea­
suring trace organic impurities in
commercial products. Its development

nnd ndoption cnn redLH:l' the ltnnlyti.
cnl menS\lremcnts cost. of dcveillpin~
ncw product.... whilc J1rovidin~ the hest
nttllinahle informntiun.

The successful npplicnlioll lIf the
qunlitative-qunntit.lIt.ivc npproach re·
quires that analytical chemists try the
protocol that is to be st.nndnrdi1.cd find
colinhorillc in its improvement. If yOll

wnnt to join in this uccomplishment,
nll1t.nct Dr. Wu\,ne r.nrrisoll, who is
in chnr~c of EP'A'l' progrum to de"clop
the Muster Annlvtiml Scheme. His
address iio' -

U.S. En\,icolll1lenlllll)rtlte(,tion
A~l'IlCY

Environmcnllllllcsenrch I.uhllrnt()ry
CollcJ.:t' Silltioll Houd
Athens. Cu. :KKiOfl
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The award
• •winning

electronic
balance
You can count on it•••
and automatically perform a wide
range of complex weighing and data
conversions too.
Thafs why Wescon gave the Scientech 3300 Series
top-loading electronic balance its Award of Merit for the best commercial
application of a microprocessor fOr process and quality control.

Irs the new generation of balances from Scientech, a pioneer in the development
of intelligent weighing systems for laboratory and industry. The 3300 Series
offers analytical laboratory precision, easy to use data input keyboard, bright
digital readout, ruggedized construction and electronic digital tare ... all at a
"Made in USA" price.

Find out more about the capabilities of Scientech's new generation of electronic
balances. Call orwritefordescriptive literatureon theaward winners from Scientech.

~r.lD~!N!lir~©IXJ.D!N!l©o
~~9 Arapahoe Avenue. BoUlder, Colorado 80303 • (303) 444·1361
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OURNEWLC
METHODS PROCESSOR­
FOR AUTOMATED
UNATTENDED AN~LYSEs
FROM INJECTION
TO PRINTOU1:
The Perkin-Elmer Methods Proc­
essor lor liquid chromatography
gets the chemist out of instrument
operation and back into chemistry.
Out of routine, repetitive monotony
and into useful work.

A revolutionary combination
of data processing and control
technology, it performs reliably, all
by itself -all day, all night, all week­
end. You can even run studies
previously jUdged too difficult
and tedious.

You tell it what you want through
one ot ourcassetle-tape programs
that's been tested and proved. Or
you can generate your own pro­
grams on the keyboard. And you
don't have to be a computer
expert, either.

FIVE MODULAR UNITS
To do so much, so precisely and
efficiently, the Methods Processor
is assembled from five separate
Perkin-Elmer modular units­
each a significant advance in its
own field:
a) the Series 38 pump module,

which performs difficult Qualita­
tive and Quantitative analyses
with the convenience of micro­
processor control,

b) the Model 420 Automatic
Sampler/tnjector, which permits
unattended injection of up to 42
different samples,

c) the Model LC-l00column air­
bath oven, offering precise
temperature control from 10 0 C
above ambient to 99 0 C,

d) the Model LC-75 Detector and
Autoconlrol. which adds spec­
troscopy to separation,

e) the SIGMA lOChromatography
Data Station that processes data
and delivers a printout.

With this combination, you get
complete keyboard control of the
analysis. You can install the pump
method. Set in the data processor
method. Designate a vial number
in the Autosampler. Indicate sam­
ple name and date, time, and run
number. Change solvents and
wavelengths.
EFFICIENT PERFORMANCE
Your software control is crashproof
and foolproof. You get error mes­
sages. You're reprompled for'non­
valid entries. You can modify the
method without complete re-setup.
The system won't "lock up."

Meanwhile, tho Methods Proces­
sor is shrinking your costs. Solvent
usage is reduced and operating
time shortened. Repeatability and

tirrung of conditions, as welt as
overall,nitial results, are better
than with manual operations.

The system handles multiple
mixed samples, each in adifferent
solvent program and data reduc­
tion method, if required. It lets you
program and start complex ana­
lytical sequences by one-shot
keyboard operation. It easily gets
out of the software routine for sim­
ple manual operation. And it takes
clear and complete prompting­
in English.

INFlNnE 0P'T10NS
All these capabilities in a single
system bring you infinite options
for finding exactly the kind of anal­
ysis you want. No other liquid
chromatography system is so
variable, versatile, or technologi­
cally advanced as this newest
Perkin-Elmer development. It
brings this analyticai technique to
its fullest potential.

MORE REIIARKA8LE
FEATURES

There's a long list of olher advan­
tages you'll find in the Perkin-Bmer
LC Methods Processor, All func­
tions are performed without any
system modifICation whatever, the
result of Perkin-Bmer design and
testing throughout.

Get the full story on this revolu­
tionary development in LC analysis.
Talk to your Perkin-Bmer repre­
sentative. Or write Perkin-Bmer
Corp., MS 12, Main Avenue.
Norwalk, CT06856.

PERKIN-EL.MER
expandlnlllhe _rid 01 analytical chemlalry.
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News
32nd Annual Summer Symposium

Lasers and Analytical Chemistry

"Lasers and Analytical Chemistry"
is the subject of the 1979 Summer
Symposium of the ACS Division of
Analytical Chemistry. The symposium
will be held June 27-29. 1979. on the
campus of Purdue University in West
Lafayette. Ind. The symposium pro­
gram has been arranged by John C.
Travis of the Center for Analytical
Chemistry. NBS. and Gary M. Hieftje.
Dept. of Chemistry. Indiana Universi­
ty. The local arrangements chairman
is Fred E. Lytle of Purdue University.
The symposium is sponsored by the
ACS Division of Analytical Chemistry
and ANALYTICAL CHEMISTRY.

About Purdue University

Purdue's main campus is located in
West Lafayette, Ind.• across the his­
toric Wabash River from Lafayette.
The university has a total student
population of 31 000. The Dept. of
Chemistry has 46 faculty members
and 280 graduate students. The ana­
lytical group consists of R. Graham
Cooks. Ben S. Freiser. Peter T. Kissin­
ger. Fred E. Lytle, Dale W. Margerum.
Harry L. Pardue. Sam P. Perone. and
Nicholas Winograd. Any of the Chem­
istry Department faculty will be glad
to discuss the research or teaching
program of Purdue with interested at­
tendees.

Travel

For participants traveling by air,
the Purdue Airport is currently served
by II nights a day from Chicago. 8
from Indianapolis. and 3 from Detroit.
The Memorial Union is 8 short cab
ride away from the airport. Also, from
6:00 a.m. until 6:15 p.m. the airport is
served by buses every half-hour.

Housing and Symposium
Arrangements

Housing for the symposium will be
in the Purdue Memorial Union and
local motels. Rooms in the Union are
limited in number; therefore, it is sug­
gested that delegates return the com­
pleted reservation form and registra­
tion fee as soon as possible. Daily rates
at the Union are $16.50 for single oc­
cupancy and $21 for double. For those
participants wishing to make their
own housing reservations, a list of
local motels with rates is available

.... Jif<. .... '.,

Chemistry East at Purdue University

upon request. Payment for housing
should be made in person and not sent
with the registration fee. Meals are
available at several locations in the
Memorial Union or at local restau­
rants. No meaJ packages are offered.

If special facilities are required for
handicapped participants, please con­
tact Professor Lytle so that arrange­
ments can be made.

Registration

The symposium will be held in lhe
Stewart Center adjacent to the Union.
The regislration fee of $40 includes
admission to all sessions, symposium
materials, refreshment hreaks, univer­
sity services, and a Thursday night
cookout. All participants should send
the registration form together with u
check for $40 made payable to Purdue
University, before May 3(.1979. Ad·
vance registration is imperative to en­
sure that space will be available. After

arri\'al, badges and conference materi·
als shuuld be picked UI) in the lobby
of Stewart Center on Tuesday evenin~

hetween 7:00 and 9:00 p.m. or on
\Vednesdny morninJ{ het.....een 7::10 und
9:00a.m.

Student re~istrntiol1 for the techni·
col ses~ion costs $5.00. Extra tickets
nre availahle for the coukout at SIO
each.

Family Activities

Although no ur~nnized tnurs arc
planned, II variety uf ndivities arc
available for family members durin~
the symposium. The 'I'ippecanc)e Bat­
lIcficld, Fort Ouintennn, the Moses
Fo.....ler Hmuw, und Columhian Purk
..... ith amusement rides and ZOo nrc ull
in or close to town. Puints of inlcrc8l
in the Indianapulis orca include the
Cunner Prairie Pioneer Settlement,
the Indianapolis Motur Speedway, the
Indianopulis Mu!\cum of Art, and a lill-
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on Analytical Chemistry

Purdue University, West Lafayette, Ind., June 27-29, 1979

perb Children's Museum. In addition.
there are several beautiful state parks
within an hour's drive from Lafayette.

Symposium Format

The symposium is divided into five
sessions. In the first session, \Vednes­
dolo' morning, the chairmen of each of
the subsequent fOUf sessions, \Vednes­
doy afternoon through Friday morn­
ing, will provide an overview of lasers
in analytical chemistry and of the con­
tent of their respective sessions. This
overview will assess the impact of la­
sers on specific arcas in analytical
chemistry. The other sessions will
present a tutorially oriented discus­
sion on the nalure of lasers and radia­
tion, and the operation, construction.
and use of lasers.

In addition to these five sessions.
a poster session, containing only con­
tributed papers. will be held on
Wednesday June 27. from 8:00 to
10:00 p.m. Abstracts and titles for
poster papers must be submitted by

May 15. 1979, to either of the sympo·
sium program chairmen: Gary M.
Hieftje, Dept. of Chemistry. Indiana
University. Chemistry Bldg.. Bloom·
ington. Ind. 47401; or John C. Travis.
Analytical Chemistry Division. NBS.
Washington, D.C. 20234.

Wednesday Morning, June 27

Impact 01 Lasers on Analytical
Chemistry-An Overview

G. M. Hieftje. J. C. Tra\·is. Presiding
8:30 Opening Remarks. F. E. Lytle.
Purdue U
8:45 Fundamentals of Lasers. F. E.
Lytle. Purdue U
9:30 Analysis by Laser-Induced
Fluorescence. J. C. Wright. U of Wis·
consin
10:30 Analysis by Absorption of
Laser Radiation. R. A. Keller. Los
Alamos Scientific Lab
11:15 Methods tbe Laser Made

P....ible. T. Hirschfeld. Block Engi­
neering

Wednesday Afternoon

F. E. Lytle. Praiding
2:00 General Laser Principles. F.
E. Lytle. Purdue U
2:40 Tunable Laser Systems. M. J.
Wirth. U of Wisconsin
3:40 Nonlinear Optics. J. C.
Wright. U of Wisconsin
4:20 Pulsed Laser S)'Stems. J. M.
Harris. U or Utah

Wednesday Evening

Poster SessIon-ContrIbed
Papers

G. M. Hieftje. J. C. Travis, Presiding
8:00-10:00 Contributed Papers

Registration Form

3200 Annual Analytical Summer Symposium on Lasers and Analytical Chemistry

June 27-29. 1979. Sponsored by the

ACS Division of Analytical Chemistry and ANALYTlCAL CtiEMIs'mv

Purdue University, Westlafayelte. Ind. 47907

Nome (p'.... p'lnll TeIephone _

Moiling Address _

PfolessloMl Allillalion _

RegistraUon Fee

un Coc*cu nckets__tI. $10

TotaI ................. _

$40__

$5 __

$ __

Pl.... check appropfl.'. Uema::

o I would like to share a room with _

o I will share a double room with someone you assign.

o I pre'er a single room.

o I will arrange f,?, my own housing. Please send list.

DO NOT SEND MONEY IN ADVANCE FOR HOUSING.
Please return this form by May 31. 1979. with a check made
payable to Purdue Unlver.iity to: Continuing EWcatlon BusIness
Ollice, Room 110. Stewart Center. Purdue Uni~lty, West
Lafayette, Ind. 47907

For general information. contact: Fred E. Lytle. Dept. 01 Chem­
Istry. Purdue University, West Lafayette, Ind. 47907 (317-<494­
8271)
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PERKIN-ELMER'S
SIGMA GC SERIES­
MORE THAN EVER
YOUR SOUNDEST CHOICE.

Two years ago. we introduced
our SIGMA gas chromatography
concept. Today it has proved itself
as the most advanced. common­
sense move of its kind.

Because the SIGMA series gives
you a unified set of instruments
to match your applications and
budget. Plus options. Plus acces­
sories. Plus a microprocessor­
controlled data handling unit that
serves them all. And they've all
demonstrated their capabilities fully.
from the most sophisticated at the
top of the line to the routine-use
instrument that still shares the basic
advantages of the whole series.

THEFULLUNE
The SIGMA 1leads oH.1t combines
one or more gas chromatographs
with integral microprocessor con­
trol and multi-channel data han­
dling. The internal printer/p1oner
gives the chromatogram. analytical
conditions. and Quantitative results.

The SIGMA 2 is a multi -detector.
microprocessor-controlled instru­
ment that combines versatility with
operating ease. You set the analyt­
ical parameters on a keyboard that
instructs you in the setup routine.

SIGMA 3 gas chromatographs
are modestly priced but exception­
ally versatile single or dual channel
temperature programmed instru­
ments. They may be equipped
with an extremely wide choice of
detectors. A simple numerical
keyboard sets parameters and the
microprocessor checks that no
"impossible" values are entered.

SIGMA 4 instruments are excel­
lent for routine applications. They
are dedicated isothermal units
oHering the same detectors. injec­
tors. and ovens as their more
expensive counterpans.

MORE ACCESSORIES
Even the list of SIGMA acces­
sories is longer now. widening the
SIGMA capabilities for handling
your applications. There's the new

HS-6 headspace sampler. espe­
cially useful for environmental
analysis. simple in operation and
low in cost. Others include an
automatic gas analyzer for refinery
gases and the AS-l00 automatic
sampler which injects up te 100
samples automatically. These new
accessories join a long list of stand­
ard accessories including gas sam­
pling valves. a pyrolysis injector. the
MS-41 solid injector. spectroscopic
detectors and a complete line of
packed and capillary. glass and
metal columns.

.JOIN THE PARADE
Don't let more time pass before
you stan to enjoy the benefits of
the most significant advance in GC
today. Get the details now. Talk to
your Perkin-Elmer representative.
Or write Perkin-Elmer Corporation.
MS-12. Main Avenue. Norwalk. CT
06856.

-PERKIN-ELMER
expending tho world olenelytlce' chomlatry.
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Thursday Morning, June 28

Analysis by Laser-Induced
Fluorescence

.J. C. Wri~hl. I'r<·,jdin~

9:00 Laser-Induced Malrix Isola­
lion Fluorimelry. E. L. Wchrv. R. R.
Gore, H. H. Dickinson..Jr., U orTcn­
nessee
9:30 New Laser-Based Mclhodol­
ogies for Determination or Organic
Pollutants via Fluorescence..J. C.
Brown. J. M. Hayes. G..J. Small. Ames
Lahoratury. USJ)O~:
10:00 Usc of Time Resolution in
AnalYlical Speclroscopy. F. E­
Lytle. Purdue U
10:~O Lascr·lnduccd Fluorescence
(or Trace Element Analysis. P. ,J.
Hargis, .J. P. Hohimcr. Sundia Labs
11:10 Laser-Excited Atomic Fluo­
rescence Spectrometry. S. J. \V('cks,
NBS
11 :40 Panel Discussion

Thursday Aflernoon

Analysis by Absorpllon of Laser
Ijadlallon

R. A. Keller, Pr('sidilJ~

1:30 PotentialAnalYlical Aspecls
of Laser Muhiphoton Ionization
Mass Spectrometry. L. landee. D. A.
Lichtin. R. B. Bernstein. Columbia U

Evaluating an NMR Facility
A new hi~h·rewlution. GOO· MHz

nuclear mOKnetic resonance facility at
Carnegie-Mellon Uni\'ersity in Pins­
hUf):~h needs evaluutint{. Scientists are
invited to !'luhmit one·pnl:e pwposnls
fur short-term (one week or less)
projects that will Jlullhc instrument
throuKh its paces. A vuriety of projects
then will he scheduled for this sprin~.

and p8rticip8til1~scientists also will
tuke purt in n symposium once
projects ure com piNed. PrupusHls Illuy
he suhmitted lu Dr. K. D. Kup"le.
Chairman. NMH Facility Advisur\'
Committee. Dept. uf Ch~mistry.lili.
J1uis Institute ufTechllulo~y.Chica).:u,
III. GOG 16. :11~-5G7·~4:1~.

Lab Safety Guide
A supplementary reference issue uf

the CIIl'mical /Jul/(-/i" called "Th.
Luhuratory Safety Deskbuuk I: A
Guide to OSHA Siandurds" is llvail·
ahle. Thus. OSHA standards that

2:00 Review or Recent Visible and
Inrrared L1DAR Investigations. R.
/I. Baumgartner. SRI International
2:30 Detection or Free Radicals by
Laser Magnetic Resonance. C. J.
Huward. NOAA
3:15 Intracavity Absorption and
Optoacoustical Spectroscopy. K. V.
Heddy. Allied Chemical Corp.
3:45 Analytical Aspecls or Ther­
mal Blooming. R. L. Swofford. Stan·
dard Oil Cu.
~:15 Optogalvanic Spectroscopy.
.J. C. Travis. NBS
4:45 Panel Discussion

Friday Morning, June 29

Methods the Laser Made Possible

T. Hirschfeld. Presiding
9:00 Analytical Applications or
Nonlinear Raman Spectroscopy. A.
L. Ha"r\'ey. Na\'al Research Laborato·
ry. \Vashington. D.C.
9:~0 Spectroscopy in Supersonic
Molecular Beams. D. Le\'y. U or Chi­
ca~o

10:30 Heterodyne Astronomical
Spectroscopy. A. L. Betz. U of Cali·
fornia. Berkeley
II: I 0 Picosecond Studies or
Chemical Phenomena. A. J. Campil­
Ic>. Los Alamos Scientific Lab
11:50 Panel Discussion
12: 15 End or S}'mposium

hs\"e a direct impact on chemicallabo­
raturies are compiled into this refer­
ence issue. The contenls include the
William Steiger Occupational Safety
and Health Act. Cod. of Ihe Federal
He~ister.Tille 29. Part 1910. and Na·
t ional Fire Protectiun Association
Standard for Lnboratories Using
Chemicals. The l:uide can be pur·
l'hused fur $10 per single copy or $8.00
{'a(·h fur 10 or more copies. Send re­
qu{'sts tu Business Munal:l"r. Chemical
Bulletin. 86 Enst Handolph St.. Chica·
go. Ill. 60601. For further information.
l'nll Dulures Kenney at 312-2~\6':\O26.

Call for Papers

93rd Annual Mecting or the Ass~i·

IItion orOfficialAna1ytiealChom-
ists .

Marriott HOlel. Twin Bridges, Wash­
in~ton. D.C. Oct. 15-18. 1979. Current

Program and Local
Arrangements Chairmen

J"hn C. TrQ/,:j~

Gary M. flirftje

FrNJ E. Lytle

de\'elopments in analytical methodol­
010" pertaining to agricultural. en\i­
momental. and public health areas
will be presenled. Abstracts ror papers
10 be presented must be received by
July 6. 1979. All manuscripts must be
postmarked by Aug. 31, 1979. For fur·
ther details. rontacl: Kathleen Fomi­
nays. AOAC. Box 540. Benjamin
F';"nklin Stalion, Washington. D.C.
2QO.14.

~th National SChoollCoDle....nee
Australian National University, Can·
berra. Australia. Feb. 4-8. 1980. Orga­
nized by the Australian X-ray Analyt­
ifni Assuciation. Contributions for the
ronference are now invited. Title and
brief statement (200-300 words) out·
lining lhe proposed rontent to be sub­
mitted tu the Cunrerenee Secretary by
1 August 1979. Further details from:
Conferenee Secretary, AXAA Head­
quarters, c/o NSW Institute or Tech.
nulogy. P.O. Box 123, Broadway 2007,
New South Wales, Australia.
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For details, contact our Sales Department.

• Scanning Electron Mieroseopy/
1979. Apr. 16-20. Sheraton Park
Hulel, \VnshinKton. D.C. COlltaet:
am Jollnri. P.O. Box 66507. AMF
O·Horc. /II. 60666. 3/2·843·0862

• International Conference on
Elect roanal)'sis in Hygiene, En­
vironmental, Clinical, and Phar­
maeeuticnl Chemistry. Apr. 17­
20. Chelsen College. London. Spon·
sored by Electroannlytical Group.
Annlvtical Div.• the Chemical Soci·
ety. COlltaet: IV. F. Smyth. Dept.
of Chcmi.'itry, Chelsea Collcge.
Mann'sa Rd.. Lundon, England

• Progress in Chromatography
(2nd Danube Symposium). Apr.
18-20. Cnrlsbad. Czechosluvnkia.
Orgnnized by Czechuslovnk Chemi·
cnl Suciety ChromntoKraphy
Group. Cuntact: K. Alacek. In."ti·
lu/(' of Physiology. CSA V. Prague
./. Bud(·jovieka /OB3. Czeehvslo·
['ohio

• 2nd Canadian Chromatography
Conrerence. Apr. 19-20. Hampton
Court Hutel. Toronto, Canada.
Cuntact: Vijay Aluhan RhatnoRor.
Aleno Enterprises of Canada, P.O.
Hux /779. Cumu'all. anI. K6H
5\'i. Canuda

• Chromatography Workshop.
April 2:1-24. George \\'oshington
Motor Lod~e. Fort \Vashin~ton.

Pu. Cuntact: Frallk van Lenten. E.
I. du PfUJt de Nemours & Cu..
Jad'.'iiUlI Labs. CD&P, Wilmingtoll,
D<'i. /989B

• Symposium on Electron Micros·
copy and X-Ray Applieationsto
En\'ironmental and Occupation·
al Health Analyses. Apr. 23-25.
Aspen. Culo. Cnnlacl: Philip A.
Hu...sell. Denver Research Insti­
tute, Univ('rsit)' of Denver. Den­
u",. ('vlo. 8020B

• :Ird International Symposium on
Control of Sulrur and Other
Gaseous Emissions. Apr. 24-26.
Salford. UK. ('Ullt(I('1: /l. J-ftl~1t(' ... ,
I ),'pt (If ('1trmi<:al f:,,#iTH'l'ri,,#.
(l"il'I'rsity of Salfurd, Salfurd, M5
·/11''1'.11/\

• Symposium on Ad\'anced Ana·
Iylicul Concepls for the Clinical
Luhorntory. Apr. :m-27. auk
Hidg~, Tenll. ('untu('t: ('Iwrit'... /J.
Scutt. ()u/; Uid~.. Natiunal Laburu­
tUfY. IJJ). Ilflx X. {)a}; Uid~,', Tl'tIIl.
:JiH:W. I'(I~(' 1:122 A. /1I'c

• 70th Annual Meetin" or the
American Oil Chemists' Socicly.
Apr. :lU-Muy:t. Fuirmnnl Hotel,
San Fml1ci~l:(). em,'cl('l: AnH'fi(,Qr'
(Jil (,/li'mi.'ils' Su('i,'t.", 5()Jj S. Sixlh

Meetings

11222 Astronaut Blvd.• Orlando. Florida 32809
305/851-2636

Ion? VAG?

CONTROL LASER ((W>()RATION

We've got'em all!
Whether you need an argon-krypton ion laser or a solid-state
laser, Control laser 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
lasers are ideal for tasks such as aligning laser fusion
reactors, coherent anti-Stoke Raman spectroscopy, pollution
monitoring and bloodless surgery. To make your job even
easier, we will incorporate any of the lasers in ta a laboratory
work station containing (optionally) positioning stages,
microscopes, cameras and the like.

CIRCLE 33 ON READER 5ERVICE CARD
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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 Oft,ce and Factory CLifton. N J 07012
Sales 0'"ce5 Chicago. IL. Temple City. CA

Write for illustrated
brOChure or
a demonstration.

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 knife-edges-no "beam
arrest" required.

Now save as much as
$1000 over copy-eat 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-eat
import.

We'd like you to see the EA-,.
Unfortunately, size, weight and
set-up time present some diffi­
culties 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-1 has been In contInu­
ous production since 1968.
Almost every one made in those
ten years is still in service. and
most with never a service call.

What makes the Torbal so dur­
able-so special-for laboratory
use IS its friction-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
fatiguing torsion band,

CIRCLE 199 ON READU SERVICE CARD
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News

('ofltacl: K. Spcil:ht. Conferellce
St'crf'lary,llritisJI Steel Corp..
Sh"ffi"ld Labaralari.... Hayle SI .•
Sh.'ffield. S3 7EY. Ellglolld

• Symposium on Progress in Elee­
lrochcmical Corrosion Tcsting.
~'1n\' :lO-2;). San Franci~co.Calif.
('",;Iart: Jam' R. Whe,·lcr. AS'I'M.
HJlli /laet' SI .• Plliladelphia. 1'0.
/lJII)3.215·299-5-113

• Fiflh Biennial Symposium in
Clinical Chemistry. Moy 21-22.
Valley Forge Sheralon. Haute :16:1.
l<il1~ of Prussia, Po. Contact: Harry
N. Elkin.... Cochairman. 1979S)'nI·
posiuni ('ummitlf'c. 215·842·6612

• Workshop on Thermal Analysis.
May 21-22. Gaithershur~. Md.
('wltacl: Oscar A/enis. R326 Chem­
istry Hld/.: .. NRS. Washinl.'tuII,
/J.C. 2023·1. :101·921·217.5

• Nth IIIIEKO Congress. May 21­
:n...,\·1uscow, USSH. ('antad:
IMHKUSem·loriol. 1.171 Ruda·
pest. P.O. nax ·15i. Ifun/.:ary

• 5th Annual National Meeting of
the Clinical Radioassay Society.
Muy 22-:!:'. \Vnshin~ton, D.C. Cun­
lor/: .5lh C/IS Mcelio~, Rox 119.
Fuirfax, Va. 22U30

• New York Microscopical Sociely
Session~. May :1O-June I. Statler
Hilton Hotel. New York City. Cun­
tact: Tt·d ROr/IOW. :JiKJ8 Charwuod
1'1.. Rolei~h. N.c. 27612

• Chemical Conference of the
Chemical Institute of Canada.
June :1-6. University of British Co­
lumhia, Vancouver, B.C., Canada.
Contact: The C/H'minll In ... titult' vf
COllado. 1.51 Sialer St .. Suile 906.
Ottawa, ant .. KJP.SH:J, Canada.
613·2.13·.5623

• 27th Annual Conference on Mas.
Spectrometry and Allied Topics.
.June :1-8. Seattle. Wash. COIl/ael:
/I. M. FaIt'S. Bldg. /0. Rm. 7N322.
Natifmal Institute,s uf H(·alO•. Re­
Ihesda, Md. 201J/'1

• National Confcrence on Syn­
chrotron Radialion Instrumcn·
tot ion. .June ·1-6. Gaithersburg.
Md. Conlo"I: Daoid f;dert·r. A2.51
Physic... Hld~ .. NUS. Washilll-:tlJII,
/J.C 202.'N. :WI·1I21·2301

• ACS I~th Great Lakes Regional
Meeting..lulle 4-6. Huckford CuI·
le~e. Huckfurd. III. COlllael: A. A.
.Schilt.Df'pt. uf Cht·mistr.}', North­
('''1 Illilloi..; Ulliv('Tsit.}', IJt·Kalb.
/11.60115

• 1~lh Annual Conference on
Truce Substancctt in Environ·
menlaillcalth.•June 4-7. Univer·
silv uf Missouri, Columhia. CUll­
t(l~·t: IJ. n. HC'l1lphili. f.:lJuircJIIlrlf'n·
tal Trat·(· SUIJ."itCWCf'.o; UC'st'arch
('I'llte'r, !ltc. :.i, lJniveJrsity uf Ali.t(-
...uuri, Columbia, Alf). 65211

nlt'ntal R~.~carch Laburator\', EPA.
AthC'I1$, Ga. 30605: or Ilulan'd Frei.
Dt'pl. of Analytical CJll'mi...t,y.
Free Unimorsity uf Amsterde\,ll, Dt'
Hu('/('/aon /Oll, AmstC'rdam·lJui·
It'IIl'f-'ldcrt, Tlu' Nt,thprland..;

• ACS 11th Central Regional
Mecting. May 7-9. Holiday Inn.
:128 \\'. Lane Ave., Columhus, Ohiu.
COfltad: .4.. Wojcicki, /)('pt. uf
CIH'mistry. Ohiu Statc Unil'.'rsity,
1·10 \Vesl IIlII• .4<,e.• Columbus.
Ohio ·/3210. 614··/22··/7.50

• 4th International Symposium on
Column Liquid Chromatogra­
phy. May 7-10. Roston Purk Plaza,
Roston. Cfmtacl: Barry L. Kur~('r,

Chairman. Or1:aflizi'l~CummiUt'('.
·Ilh Intcrnatiuflal A/e('(in~1m Cul­
umn (,hmmatu~raphy,Nurtheast­
ern UniL'(·rsity, Institute of ('/H'm;­
cal Allalvsi... , Ruston, Alass. V21 /.;

• 25th Int'crnationaIIDstrum~nta.
tion S)·mposium. May 7-10. Ana­
heim. Calif. ('ontact: lnstrumt'nl
SU("I·('t.v uf America. Test Aff'osure­
ment Dill., JJ()(j9 Pru..;pct't N.E..
.4lbuc",,·rque. N.M. 87112

• :12nd Chemist.s' Confcrence. Mnv
16-17. Hoyal Hotel. Scarborough.·

SUB MICRON
. PARTICLE SIZE ANALYSIS

DOWN TO 0.01 MICRON
Irs SIMPLE WITH A JOYCE-LOEBL

DISC CENTRIFUGE 3
Benefit from the wealth of experience established in
our application's laboratory in analysing a wide
spectrum of particula:e materials. The results are
summarised ill a free booklet 'APPLICATION REPORTS'
covering the following major end-user groups:
. • Polymer Emul.ions • Magnetic Iron O.ide

• Inks and Pigmants • Carbon Black
• Titanium DioKies. • And many othars

For you, copy circle the reader enqUiry card or Wrlte to.

SI .. Champaigll.III. 61820. 217·
359·2344

• 3rd International Symposium on
Capillary Chromatography. Apr.
30-May 4. Hindelang. FHG. Can·
locI: 11. E. Kaiser. [IISI. for Chro·
malography. P.O. Bax 1308. D·
6702 Rod Durkheim.l. Ft'daallle·
public of Germany

• American Socicty for Microbiol­
ogy. May 4-8. Los Angeles. Call'
locI: Richard Bray. 1913 /'SI ..
N.W.• Washinglan D.C. 201XJ6

• AOAC 4th Annual Rcgional
Spring Training Workshop and
Exposition. May 6-9. Sheraton·
Palace Hotel, San Francisco. Con­
lael: Paul C. Rolill. Laboralory Di·
rector, Food and Drug Administra·
liun, 50 U.N. Plaza. Son Francisco.
Calif. 9.J102. 41.5·445·4763

• 9th Annual Symposium on the
Analytical Chemisty of Pollu­
tanls. May 7-9..Jekylllsl.nd. Ga.
Sponsored by Environmental Pro·
tection Agency. Unh'ersity of Geor­
gia. and Environmental and Ana­
lytical Chemistry Division of the
American Chemical Society. Con­
10('/: Elaine P. AlcGarity, EIll'ircm-
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• Industrial Trace Analysis..June
7-8. Vancouver. B.C. Contact: Ian
Webber. B.C. Hvdro II&D Lab,
8809 Heather S; .. Vancouver, B.C.
V6P 3TI. Canada. 60~·327·0211

• Symposium on Accuracy in Pow­
der Diffraelion. June 11-15.
Gailhersburg, Md. Sponsured by
NBS, Natiomll Rest:arch Council of
Canada, and International Union
of CrystalloKrnphy. Cuntact: StO'1­
ley Rlock, A221 Mat('rials Hldg.,
National Bureau of Standards,
Washin.~tan.D.C. 2023~. 301·921·
2837

• ACS 34th Norlhwesl Regional
Meeting. June 13-15. Holiday Inn,
Richland, Wash. Clmlart: M. H.
Campbrll, Exxun Nuclear Co., Re·
search & 1'l'("hrwlogy C(·nla. 2956
George \Vashin,.l,'toll Way. Rich·
land, \l'ash. 993.52. 5U9-9.J3· 7309

• Microprocessors and Industry:
Techniques and Applications.
.June 18-20. London Prc~s Centre,
London. Contacl: Carole Me·ads.
Siru Institulf..· Ltd.. Sou.th Hill,
Chislehurst. Kenl RII75EH, En­
gland. 01 ..167·2636

• International Symposium on Oc­
cupational Radiation Exposure

in Nuclear Fuel Cycle Facilities.
June 18-22. Lus An~clcs. Calif.
Contad: JuJ", fl. nutle, SptT;ul
AssislcJllt fur Confac/lcc:j, Ollin'
for Tt'clmicalltlfurmatiul1, lkpl.
o{ Etla#y. n'ashi"1.'luII, D.C. 20,j·1.5

• 10th International Symposium
on Chromalollraphy nnd Elec­
trophoresis.•June 19-20. Venire.
Italy. Tu be held in cunjunction
with the 6th IlllernationnrSYIUpO'
sium on Mass Spectrometry in Bitl­
chcmislrV and Medicine. Contact:
A/balu j.·,igC'r;o, [st;ltllu di Ili·
cerehe Farmacofogirht> "Mariu
.Nl'}:r;.·· Via Eritrea, 62. 20J5i
Atilon, Italy. POJ:(' 1322.4., Dcc.

• 6th International Symposium on
Mass Spectrometry in Biochcm~

istry and !\lcdicinc. June :!1-2~.

Venit'e. hal\". Tu be held in con·
junction with the 10th Internatiun­
al Symposium on Chrumntu~rnphy

and Electrophoresis. CWltact: AI­
l)('rto Frigl'rio, Istitutu di Ricf'rl'J,r
Farmaculo~icll(' ·'!'.fariu t\'eJ:ri,"
\'ia Eritrea, 62. :lUISi Alilall. Ita/v.
I'n~e 1323 .4, Dec. .

• 72nd Annual Meetin" of the Air
Pollution Control Association.
·June 2-1-28. Cincinnati CUO\'entiun

Center, Cincinnati. ('O/ltUl't: Air
Pullutioll ('mltrol A.....'HH· •• Jj.n. nux
2661, Pittshur~J,. 1'0. J.st:m. ·1/2·
(j2!·!fJ!)()

• Joint Conf{rcss on Clinical
Chemistry..June :![l-:W. l\1ol1tn·1I1.
que.. Cunudn. Cont(ld: ('luift, /)/1­

Hmt. Ikpt. of niurhf'mistry. Alml·
tn'ol Chi/cln·"·.... llu....pitn/. :l:)tX)
TupperSt" MCH/trt'n/, <JUI' .. ('(11/(1­

do lUll 11'3
• :t"!nd Annunl Summer Sympo­

sium on Analytical Chemistry.
.JUIlC' :!j-:!~, Purdue Univcr~it\',

\\'cst I.ufa\·ctte.lnd. C"lItod:"Fn'c/
E. Lvtlt'. (;ht·mi..>trv Hid}.; .. I'urdlll'
Utli~·t'f.... ity. We.... t J~(Jf(Jyl'ttj', Imi.
·li90i

• XXI Colloquium Spt'ctroscopi­
cum Intcrnationalc-~'hhInter­
national Conference on Atomic
Speelroscopy.Jul. I~fi. (':lIn·

hrid~('. EI1~lllnd. Spoll!'Oft:d hy the
Hu\'ul SOl·jet\". the Chrrniclli Sod·
etv·.lInd the illstitute of PI1\"si(·~.
C,·mtart: :\........ ociatiml of Hriii.... 11
Spl'ctroHopi.... t .... , .\.\ I CSJl~th

ICAS. PJ). /1m," Hm. Cambrid}.;l'
('HI :!/f\".I·J\. Pu}.;(·r;66 A. AU}:lIst

• \Vorld Spectroscopy Conference.
.Iul. :!-:t Sht'ratoll Holl'l. I.il"hon.

INTRODUCING

~~~~l~

:~ r -

~L

Thenew high purit~ glass
~",NOW there's only one name you need to

remember for virtually all you solvent needs - OmniSolv. It's MCB's
new line of. mUlti-purpose, glass-distilled solvents. Forget about
being understocked or over tocked with a different solvent for each
application. There's always a fresh supply of OmniSolv as handy as
your- local MCa distributor. And YOU'll be pleased to find it's
comp~eIY,priced.

MCB.glJ8l'antees OmniSolv to be of the highest pUfity and to
fulfil. all the tequirements for:



News

Purtu~ul. COfllact: Viju)' Alu/lon
Jl1wlrwKur, A/I'/IO EI1I erpri."il'."i of
CatHldu, I'.n, Bux 1779. Cornwall,
Un/. K6H .S V7. COllUdo

• Third European ConKrcsli of
Clinicnl ChcmiHtry•.lul. a-8.
Bri~hlon. UK. CUll/ad: V J. N.
IIml'Clrt}" [hlpl. of CJlf'm;cul /'0'
tlwluJ:.\'. Guy... !JcJ.'.pitn[ Afl·dicul
•,,',-1111111, I.undwi SEI mfr. UK

• 2nd World ChromntoKrnphy
Conference•.lul. ;)-6. Sheraton
Hulel, l.i~h(Jn. PorluJ,:ul. (',mlad:
Viju." AtuluUI UhullloJ:ar. Alf'na
r:1I1j'rlJri~w.'itil CCl1wdu, IJ.f). !lux
177Y, Curml'ull. {Jilt. Klill ,'lV7,
('wwdlJ

• AACC :lIst NntionnlMcctinK.
.Iul. 1[)-:W. New Orleans. ('1I11lad:
AA('(' Ncrtiunul Urrin'. 17'2.; K St..
N. W., \Vu..,hitlJ,:ltUl. /J,(,. '2fJ006.
:!(J'.!·H.S7·tJ717

• Notional Conference on Wcil{hts
and Measures..Iul. :!:!-:!7. Port­
land. Orl', CUrllad: Hurold WlIllill.
A'211 Ml'lru/u;:y Hid;:.. NH.....·.
l\'n ...hitl.t:tulI,li.c. :!(J:!:J.I. :WI-!):!}·
:Ju??

• 21st .locky Mountuin Confer­
ence on Anulytical Chemistry.
.Iul. :lIl-Aug. I. Sponsored jointly

hy Hocky Mounwin Society of Ap·
plied Spectroscopy and Hocky
Mountain Chromatography Discus­
siun Group. Contact: H. E:. ·faylor.
(I.S. Gt'oloJ!;cal Survey, /j29:'; Ward
Ud., Arvada, Co(u. H{J(j()2. l'a~e

/:/2:1 A. DI!c.
• 2Kth Denver Conference on Ap­

plications of X-Ray Analysis.
.Jul. :K)-Au~.:1. Univcnlity nf Den­
ver. Cuntact: Afildn'd Cain. [)en­
l'f'r U(,..H'arch 1n..,titulE', Univer..iity
of [)f'tWl'r. [)cnvt'r. Col". H02fJiJ.
:JIJ:J·7.5.J·2J.11

• Photo/Optoacoustic Spectrosco­
py and Detection. Au~. I-a. Iowa
Slate University. Sponsurt:d hy the
Optical S(K"icty of AmNica lind the
Ames Lahuratury·USDOE. e,m­
tact: "[,11t, Optical SO(:iE'tY'4 Amer·
it'a, Suiu' 620, 2(j()(J L ~t., N. lV.,
Wa ...hill;:I'Jn. f).C. 20036. :!0'2.;1.9:/·
/·/20

• Combined 37th Annual :\tcetin~

of the Electron Microscop)' So­
ciety of America and 13th Annu­
al Meeting of the ~ticrobeam

Analysis Society. Aug. la-Ii. San
:\ntoniu, Tex. COlltact; Va It, Neu'­
h[lry. Chairman. MAS Pm,,;ram
Co';lmith'l'. NHS. Rld~. 222. R()(Jm

AI2/. Wo.,1Jinglon. D.C. 20234.
:JU/·92/·2lJ7.;

• 1979 Symposium on Instrumen­
tation and Control Cor Fossil En­
ergy Processes. Aug. 20-22. Den~
Vl"r Marriott, Dt:nver. Tupics in­
clude two-phase interface level
mta~urem("nt. on-line analysis and
l'amIJlinJ;!. nuw cuntrol systems. and
readur temperature measurement.
('(mtaet: AI. L. Holden. Directur.
('onff>Tt.'nn· P/annin.t: and A'onoKP'
nJf'nt. Ar,cunnf' .Valiuna( Laborato­
ry. Hid;.:. 1:!.:J. YiOU S. Cas~ AL'e.•
Ar,cfmne, Ill. 61j·1:J9. :Jl2-972-558.5

• ath Australian Symposium on
Analytical Chemistry. Aug. 20­
~·I. Perth. We-stern Australia. Con~
taf:!: Harry ('IJdf,ng. Analytical Ui~
l'i:o>i(m. H(}\'al AW;lralion Chemical
In.~tit[Jt{''':jlJPlain St .. P('rth,
l\"f"..;-tt'rn Australia 6000

• International Conference 00

Liquid Scintillation Counting:
Recent Applications and Devel­
opment. AuI'. 21-~4. University of
California at San FrancL"'CO. Cun­
tact: C. T. l.lf!n~. ~cJl()ul IIf Phar­
macy. { ·nil·ty... it~ of Califurnia.
San Fmnci.~(IJ. Calii. 9-1 UJ

• 27th IUPAC Congress. Au~. 2;-

ClICU 10 OM __ RIYICI CAlli

istilled solvent from MeR.
• Spectrophotometry' Chromatography' HPLC • Residue Analysis
• Pesticide Analysis' Gas Chromatography

For more information on the full OmniSolv line. consult your
copy of the 1979 MCB Buying Guide. Then place your order with
your local MCB distributor. For the name and address of the
distributor nearest you. MCB Reagents
write: MCB Reagents.
2909 Highland Avenue,
Cincinnati, Ohio 45212 AAoclatI of e.1I.cll, D........ o.m.nr



News

31. Helsinki, Finland. Contoct: J.
Larinkari, P.O. Box 244, SF·OOI31
Helsinki 13, Finland

• XIV European Congress on Mo­
lecular Spectroscopy. Sept. 3-7.
Frankfurt/Main, Federal Republic
of Germany. Contact: Sec'ty Gen.,
EUCMOS 1979, G..ellschaft
Deutscher Chemiker, J. lVenden­
burg, P.O.B. 00 04 40, D-6000
Frankfurt (Main) 00, lVest Ger-.
man)'

• 3rd International Bioanalytical
Forum. SepL 4-7. Guildford, UK.
Contact: E. Reid, Wolfson Bioana­
lylical Centre. University of Sur­
rey, Guildford GU2 5XH, UK

• 178th ACS National Meeting.
Sept. 9-14. Washington, D.C. Con­
tact: A. T. Winstead, ACS. 1155
Sixteenth St .. N. W., Washington,
D.C. 20036. 202-872-4397

• Symposium on Atomic Spcclros.
copy. SepL 10-14. Tucson, Ariz.
Contact: J. O. Stoner, Dept. of
Physics. University of Arizona.
Tucson, Ariz. 85721

• International Conference on
Flow Analysis. Sept. 11-13. Am·
sterdam, The Netherlands. Con­
tact: Secretary FA-Amsterdam,
Loboratory for Analytical Che!"is­
try. University of Amsterdam,
Nieuwe Achtergracht 166. 1018
IVV.4msterdam, The Netherlands

• 6th Annual Meeting of the Fed­
eration of Analytical Chemistry
and Spectroscopy Societies
(FACSS). Sept. 16-20. Philadel­
phia. Pa. Contact: P. D. LoFleur,
Director, Center for Analytical
Cliemistry, NBS, lVashington,
D.C. 20234. 301-921-2851

• 9th North American Thermal
Analysis Society Meeting. Sept.
23-26. Holiday Inn City-Centre,
Chicago. Contact: Borbara L. Fa·
bricant, Glass Thermochemistry
R&D, Owe",,·Corning Fiberglass
Technical Center, P.O. Box 415,
Granuille, Ohio 43023. 614-587­
0610

• 2nd European Symposium on
Particle Characterization. Sept.
24-26. Nuremberg, West Germany.
Contact: Secretariat, NMA Nurn­
berger Messe·und Ausstellungs·
geseluehaft mbH, Messezentrum,
D 8500 Nuremberg, West Germany

• 14th International SympOtlium
on Advances in Chromatogra­
phy. Sept. 24-28. Lausanne, Swit­
zerland. Contad: A. Ziatkis,
Chemi3try Dept., Uniuersityof
Houston, Houston, Tex. 77004.
713-749-2623

• 3rd Annual Arnold O. Beckman
ConCerence, Oct. 2-5. Colorado

Springs, Colo. Cuntact: Michele
Tuttle, Meeting Coardinator,
AACC, 1725 K St., N.IV., lVashing­
ton, D.C. 20006

• ACS 9th Northeast Regional
Meeting. OcL 2-5. Hotel Syracuse,
N.Y. Contact: R. J. Conan, Jr.,
Dept. of Chemistry, LeMoyne Col­
lege, Syracuse, N. Y. 13214.315­
446-2882

• 23rd ORNL Conference on Ana·
I)·tical Chemistry in Energy
Technology. Oct. 9-11. Gatlin­
hurg, Tenn. Contact: IV. S. Lyon.
Oak Ridge National Laboratory,
P.O. Box X, Ook Ridge, Tenn.
37830

• 3rd Symposium on Biological/
Biomedical Applications of Liq­
uid Chromatography. Oct. 11-12.
Boston. Contact: Gerald L. Hawk,
Waters Associates, Alilford, Alass.
01757

• 1979 Midwestern Universities
Analytical Chemistry Confer­
ence. Oct. 11-13. University of Wi·
nois at Urbana-Champaign. Con­
tact: Kelsey D. Cook, School of
Chemical Sciences, Dept. of Chern·
istr)', Roger Adam." Laboratory,
Urbana, 111.61801

• ACS 15th Western Regional
!\leeting.Ocl. 17-19. North Holly­
wood, Calif. Contort: J. Quaglino.
59·13 Lubao Aue.. Woodland Hills,
Calif. 91364

• International Exhibition on
Laboratory Technology, Analy­
ses, Procedures, and Automation
in Chemistry. Oct. 17-20. Graz,
Austria. Contact: Media Consult
GmbH, Kongresse und Ausstellun·
gen, Conventiuns and Exhibitions,
Klopslockgasse 34, Pastfach 404,
A-1171 Vienna, Austria

• 18th Annual Meeting of ASTM
Committee E-19 on the Practice
of Chromatography. Oct. 21-24.
Philadelphia. Contact: Tim Brad·
ley, Spectra-Physics, 2005 Stender
Way, Santa Clara, Calif. 95051

• Instrument Society or America
Conference & Exhibit. Oct. 22­
25. O'Hare Exposition Center, Chi­
cago. Contact: ISA, 400 Stanwix
St., Pittsburgh, Po. 15222

• Expoehem 79, Oct. 22-25. Hous­
ton, Tex. Contact: A. Ziatkis,
Chemi.,try Dept., Uniuersit)' of
Houston, Houston, Tex. 77004.
713·749·2623

• International Liquid Chroma­
tography Symposium IIJ-LC
Analysis of Polymers and Relat­
ed Materials, Oct. 24-25.
StrBBbourg, France. Contact: Jack
Cazes, Waters Associates: Inc., 34
Maple St., Milford, Mass. 01757

• ACS 31st Southeastern Regional
Meeting, Oct. 24-26. Roanoke, Va.
Contacl: J. Wolfe, Virginia Poly­
technic Institute and State Uni·
uersity, Blacksburg, Va. 24060

• Separation Science and Tech­
nology for Energy Applications.
Oct. 30-Nov. 2. Gatlinburg, Tenn.
Contact: A. P. Malinauskas, Gen­
eral Chairman, Oak. Ridge Notion­
al Laborator\', P.O. Box X, Oak
Ridge, Tenn~37830

• Socicty of Forensic Toxicolo­
gists Annual Meeting, Oct. 31­
Nov. 2. Williamsburg, Va. Contact:
R. V. Blanke, Medical College of
Virginia, MCV Station, Box 696,
Richmund, Va. 23298

• Eastern Analytical Symposium.
Oct. 31-Nov. 2. Hotel Americana,
New York City. Conlact: luor L.
Simmons, c/o.Al&T Chemicals,
Inc., P.O. Box 110·1, Research Lab·
oralory, Rahway, N.J. 07065. 201­
499·2464

• ACS 15th !\lidwest Regional
Meeting. Nov. 7-10. Chase-Park
Plow Hotel. St. Louis. Contact: T.
P. I.ayloff, Natiollal Cmter for
Drug Analysis. FDS, 111·/ Market
St., Ruom 1002, St. Louis, Ala.
63101.314-425·4135

• Amcrican Nuclcar Society Con­
ferencc on "Measurement Tech­
nology for Safeguards and Ma­
terials Control," Nov. 26-29. Ki­
awah Island, Charleston, S.C. Con­
tact: Tom Canada, Los Alamos
Scientific Lab, MS.5.1O, Los Ala­
mos, N.M. 8754-1

• ACS 35th Southwest Regional
Meeting, Dec. 5-7. Villa Capri
Motor Hotel and Joe C. Thompson
Conference Center, University of
Texas, Austin. Contact: R. M. Gip­
son, Jeffer"on Chemical Co.. P.O.
Box ·/128, Austin. 7't-x. 7876.';.512­
459-654:1

Short Courses

ACS' COUr,iH!s. For mur(' i"furmatioll,
contact: Departm('nl of Educaticmal
Activities, American Chl'mical Sm:i·
ety, 11,55 Sixtl'enth St., N.IV.. lVosh­
ington, D.C. 20036. 202-872-4.508

Maintaining and Troubleshooting
Chromatography Systems Work­
shop

Boston, May 5-6; Philadelphia
(ASTM E·19 Meeting), Oct. 20-21. Q.
Walker, M. T. Jackson, lind M.P.T.
Bradley. $250, ACS members; $300,
nonmembers.
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NEW HP 5880A GAS I

.. . tomorrow's gas cit

the most versatile and expandable gas chi

Unequalled EXPANDABILITY through four levels of friendly, functional
keyboards for your needs ... today and tomorrow

You can start with LEVEL 1, a simple, single-detector isothermal instrument with
high-speed printer/plotter (35 characters per second) and retention time labeling.
From there, you can upgrade through each level to a multi-detector, temperature
programmed instrument with data handling and programming capabilities. Each
level has numerous hardware and software options and can be upgraded 10 the
next level without redundancy. An optional alpha/numeric keyboard provides report
annotation, plus BASIC programming. A powerful HP cartridge tape unil allows
off·Jine storage of information.

Accepts a wide ranga of opllonal
accessories for extraordinary
VERSATIUTY

A wide range of all-glass accessones,
cold trap and auxiliary oven, open up
new application possib.litoes. In add,­
tlon, six heated zones provide ample
reserves for healed accessories such
as transfer hnes for sample collection,
and catalyst lube lor methanation 01
CO and CO, to Improve minimum
delectable Iim.ts.



S CHROMATOGRAPH
ellromalograpll today

~hromatographysystem in the world today

II. ,. i. /I I',,, ~.' "I

,,,.I.. ~"" "" "

"Journey
into the

Future"

(f~~~

Advenoect AUTOIIATION tor ..,
operdon
• The HP automatic aampler with

c:IlIvMy deIIgned IlIjeCliolI1lCl'MO'
kljdonoport trenIpart mec:IIInIIin
is keyboeld conlrOIled for ....
malic leIeclIon of ... operating
~

• All GC lunctlona Me cסntroןiabie
through BASIC. N 111
automation becolnIleuIbIe. Inc:Iud­
Ing Hll-opllmlzelion of opemIng
concIllonI.

U1_tc:hecI FLEX8LRY willi
unI-..I ......--..
This system permils simultaneous
lnsl8IaIian at gIess c:aplIBry Mel con­
venlIonaI injection porta. Up lD lour
single lIl' two dulII deIec*n C*l be _
commoclafed. Choose from a wicIe
range 01 defectors including MW
slngIe-ilBmenl, Inerl TC Delec:D Mel
R Deleclor willi euto-lgnIlIon. Up to
lour vlllv.. may be used In healed
auxiIIuy _ belwe«l~ flOIIs
and d8llIclDnI.

the first alld ollly microprocessor, h'eyboord­
operaJed GC ~:rstpm ,dtll all these feallLres ...

• Multiple-channel capability with two printer/plotters
• Total instrument and sampler control through BASIC
• Two-channel, post run integrator and previously unavailable

calibration procedures
• Large four column oven



only the llelt' lIP 5880A
Gas Chromatograph git·ps yOIl a
chroma.togram with so
milch information . ..

Starts BASIC PfClglam con-
uoUlng this anatysl$ :.-tlPT ?~GI'I

!'5. 197~-------~

RT: CHAPT SPE.t:.) 1. 03 C~ MiN
1.203

Inillal and amenl p.ak~T:?~"~ loll:';" a 0.0- ((·.~e
widltl value

5.'32:':

=matlc SlOp Irom run • ~T: $TO:> RlJ:"I

Injectionmooeldentiticatlon...J I PJ 58Cj~fo SM1,..PL£P iN.)tc::':!J~ @ :';:9- ",r;N
SI1I'tPLE. .. 1D COD£.

~:.::~=:p 7672 4... nST"!)( 9/?B----------------~r'~
C&lculaJionprocedwe-- ~~;~V;'IS O~ 51;;8\'}'; OF£:>Rrop - F!i'I"4i; SF"PlE------ ~~

AUlOl'NlbC post run cu.1OtTl
calculahon ",,,lh BASIC
'standard report can 0.
11'lhIb!1e41

·;fit1P!..E.:
,jF£,PfiTQF':
T ~ .,t:

OF~p':;Trjp T~i-:I<:'jG I'll;":
T. ;;O~ ...
: ... : (0;' J.:oN! '5. ; ':-7~

--------- Peao. calrb/allon numDl1f
lmull,·lovlIl cailbral,on at·
lowedl

-OTliL nI!lPC':FlPeGt';: 72.(1&·~

TOT~L ALCO"'l'jLS: 1').)4 .~

Here i8 an exciting flew gas c"rulllatograJJ"~Y

syalenl, J'et priced [ower than other systems
attempting to duplicHt(~ its capabilities.

HEWLETT~PACKARD

........IMU nil: w•......- (101) MI-,.,TO.c~ 1111)
:zi6.NOO. Au..... l~ """11000. Loe ...,.... 12Ul Inun

For more infor­
mation, circle
Reader Sorvlce
No. 1000

43721



Chemical Abstracts Workshops
Philadelphia, May 10-11; Los Angeles,
June 7-8. CA staff. $75, ACS mem­
bers; $135, nonmembers

Creative Problem Solving
Philadelphia. May 10-11. M08he Ru­
binstein. $225, ACS members; $265,
nonmembers

Interpretation oC NMR Spectra
Philadelphia. May 10-12. LeRoy
Johnson and Roy Bible. $295, ACS
members; $340, nonmembers

Capillary Gas Chromatograpby
Philadelphia. May 11-12. S. P. Cram
and Milos Novotny. $250, ACS mem­
bers; $300, nonmembers

Gas Chromatography
Chicago, May 18-19; Atlanta, June
14-15. R. A. Keller and M. F. Burke.
$225, ACS members; $265, nonmem­
bers

Federal Regulations in the Chemi-
cal Industry

Chicago, May 18-19; Washington.
D.C. (I78th ACS National Meeting),
Sept. 8-9. G. S. Domingnez. $225, ACS
members; $265, nonmembers

Toxicology Cor Chemists
Chicago. May 22-24. Morris Juselow.
$485. ACS members; $555, nonmem­
bers

Planning Cor SaCe Laboratory Han-
dling of Highly Toxic Chemicals

Chicago. May 3O-June I. N. V. Steere
and Maurice Golden. $295. ACS mem­
bers; $340, nonmembers

SaCety and Health Cor Academic
Chemistry Laboratories

Chicago. June 2-3. N. V. Steere. $130,
ACS members and nonmembers

Liquid Chromatography, Theory
and Practice

Blacksburg, Va. June 4-7. Dec. 10-13.
H. M. McNair. $450. ACS members;
$510. nonmembers

High-Pressure Liquid Chromatog-
raphy Apparatus Workshop

Los Angeles, June 7-8; Philadelphia
(FACSS Meeting), Sept. 15-16. D. H.
Freeman. $250, ACS members; $300,
nonmembers

Multinuclear NMR Spectroscopy
Los Angeles, June 7-9; Tallahassee,
Fla., June 14-16. G. C. Levy. $295,
ACS members; $340, nonmembers

I\oficroprocessors and Minicomput-

ers-lnterCaeing and Applica­
tions

Blacksburg, Va. June 10-15, Sept.
23-28, Dec. 9-14. R. E. Dessy and the
Chemistry Dept. Instrument and De­
sign Group of VPI&SU. $455, ACS
members; $515, nonmembers

Atomic Absorption Spectroscopy
Atlanta. June 14-15. Samuel Koirtyo-'
hallO. Michael Epstein, and Theodore
Rains. $245, ACS members; $290. non­
members

Design and Analysis oC Industrial
Experiments

Atlanta, June 14-16; Philadelphia
(f'ACSS Meeting). Sept. 14-16. John
Hrqmi.$295, ACS members; $340.
nonmembers

Carbon-13 NMR Spectroscopy
Washington, D.C. (l78th ACS Nation­
al Meeting). Sept. 7-9. G. C. Levy and
Paul Ellis. $295, ACS members; $340,
nonmembers

EfCective Writing Cor Scientists
and Engineers

Washington, D.C. (l78th ACS Nation­
al Meeting). Sept. 7-9. Henrietta
Tichy and Sylvia Fourdrinier. $295,
ACS members; $340, nonmembers

High-PerCormanee Management
Washington. D.C. (I78th ACS Nation­
al Meeting). Sept. 8-9. J. H. Morrison.
$225, ACS members; $265, nonmem­
bers

Electroanalytieal Chemistry
Philadelphia (FACSS Meeting). Sept.
14-16. Dennis Evans and P. E. Whit­
son. $295. ACS members; $340, non­
members

Laboratory Automation: Microw ,

Mini-, or Midicomputers?
Philadelphia (FACSS Meeting). Sept.
15-16. R. E. Dessy and the Chemistry
Dept. Instrument and Design Group
of VPI&SU. $225. ACS members;
$265, nonmembers

Thermal Methods oC Analysis
Philadelphia (FACSS Meeting). Sept.
15-16. W. W. Wendlandt and I. M.
Sarasohn. $225, ACS members; $265,
nonmembers

Gas Chromatography, Theory and
Practice

Blacksburg, Va. Sept. 24-27. H. M.
McNair. $425, ACS members; $485,
nonmembers

Introduction to Gas Chromatog­
raphy

News

Blacksburg, Va. May 9-11. Contoct:
David Stafford, Chemical Services
Group, Box 63626, 800 Madison Ave.,
Memphis, Tenn. 38163

9th Gas Chromatography, Lecture
and Laboratory

Villanova University, Villanova, Pa.
May 16-18, $100, $125 (after April
15); May 18-19, $60, $80 (after April
15). Cantact: R. L. Grob, Chemistry
Dept., Villanova University, Villano­
va, Pa. 19085. 1-215-527-2100, exts.
496, 480, 481

Microprocessors for Scientists
University of British Columbia, Van­
couver, B.C., Canada (62nd Annual
Conference of the Chemical Institute
of Canada). June 2-3. $100, CIC mem­
bers; $125, nonmembers. Contact:
Gary Horlick, Dept. of Chemistry,
University of Alberta, Edmonton, Alt.,
T6G 2G2, Canada

X-ray Spectrometry and X-ray
Powder DifCraction

University of Denver. Jul. 23-27. C. S.
Barrett, D. E. Leyden, C. O. Ruud, J.
J. Fitzpatrick, and specialists from in­
dustry. Contact: Mildred Cain, Den­
ver Research Institute, University of
Denver, Denver, Colo. 80208. 303­
753-2141

Interpretalion oC InCrared and
Raman Spectra

Fisk University, Nashville, Tenn. Jul.
23-27. $275. Contact: Nelson Fuson,
Director, Fisk Institute, Box 8, Fisk
University, Nashville, Tenn. 37203

Gas-Liquid Chromatography
Fisk UniverSity, Nashville, Tenn. Jul.
23-27. $275. Contact: Nelson Fuson,
Director, Fisk Institute, Box 8, Fisk
University, Nashville, Tenn. 37203

Pollution Evaluation
Fisk University, Nashville, Tenn. Jui.
23-27. $275. Contact: Nelson Fuson,
Director, Fisk Institute, Box 8, Fisk
University, Nashville, Tenn. 37203

For Your Information

Chromatography Newsletters, Vol.
6. No.3, is available from the Perkin­
Elmer Corp. The titles of the Cour arti­
cles in this Oct. 1978 issue are: Deter­
mination of volatile halogenated hy­
drocarbons in environmental water by
glass capillary column gas chromatog­
raphy and electron capture detection;
8 variable all-glass efOuent splitter for
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New Applications
of Lasers to
Chemistry
ACS Symposium Series No. 85
Gary M. Hiehje, Editor
Indiana University

Based on a symposium sponsored by
lhe Division 01 Analytical Chemistry 01
the American Chemical Society.

This collection of 12 papers represents
an excellent cross section of topics de­
picting the scope of current applications
of lasers 10 chemistry and the potential
importance of lasers in the future of
chemistry and chemical analysis.

Chemists. physicists, and engineers from
academta, industry. and government
give a precise account of the latest de­
veSopments in laser technology and
measurement systems as well as the use
of lasers in detecting single atoms and
molecules.

The book's main subject material reflects
areas of chemistry in which the laser has
had the greatest impact - namely. high­
resolution spectroscopy, high sensitivity
analysis. time-resolved or kinetic spec­
troscopy. and new techniques in laser
Raman spectrometry.

CONTENTS
SeleclNe &ocation of Probe Ion L-.amnescence
ISEPlL) • ApplicatIons oj TunaDle-[),o(Ie.Laser IR
Spectroscopy to ChemICal Analy$l$ • Two-PhoC,)I"I·
EJlceed Molecular FIuor&SCe\"108 • Laser·ExOled
l~ Spedtometry • laser Fluonmeuy: De·
l«:tion oj AllatOlm B, I'l Corrwnlnatecl Com • Laser·
E~ IonLubon tor Trace IrAeUl Anatt'sis in
~ • The Sluety 01 BdogICal Sul'1aces by l&sef
8edr0ph0reoc lJ;hI Scatterng • New lasef·Based
Methods tor 1M Mouuremeol 01 Transienl O'lemlCaJ
Evel'U • Laser Applteatoons in PhokMtlectro<:hemlstTy
• Coherent Anb-$toll.es FWNn Sc:m1enng Spactros­
cop)' • SpecuOSoCOP'l by Inverse R¥TIar'i $Qtlenng •
Vibr_1OOoal Spectra I'l Nanosec:oncb

244 pages (1978) Cloll1bound $23.50
LC 78-22032 ISBN ()'8412·0459·4

SIS/American Cheml",,1 Society
115516111 St.. NW./Wash.. D.C. 20036
........... copes 01 55 8S'New
ApplicMJOfl. 01 La.,... 10 Chemistry IACI 0459-4) .1
S23.$O per copy.
C~~tor$ . :JEW me.
PoItpa.Ict in u.s. aM~ plus 7st elSewhere.
cawomia tflllClenCS please add 6% at. use tax._...

News

dual·dewetor opetation and collection
of GC fractions; the determination of
traces of oxygen in vinyl chloride; and
drug analysis by chromatoglaphy, a
review. For a free copy, ask for order
no. CHN-12 flom Perkin-Elmer Corp.,
Instrument Division, Main Avenue,
Mail Su.tion 12, Norwalk, Conn.
06856. 203-762-6853

An analytical service that quickly de·
termines if processed sugar derivatives
have been added to natural fruit sugar
products is available from Geochron
Laboratories of Cambridge, Mass.
Utilizing modified mass spectrometry
equipment. Geochron Laboratories
SIRA (su.ble isotope ratio analysis)
has been approved on a first action
basis by Federal agencies including
FDA and the U.S. Customs Dept. The
price is S4S/sample. For more infor­
mation, contact: Geochron Laborato­
ries, Division of Krueger Enterprises,
Inc., H. W. Kreuger, 24 Blackstone
St., Cambridge, Mass. 02139. 617­
876-3691

A tenu.tive su.ndard that presents
guidelines for the maintenance and
service of c1inicallaboratory instru­
ments is now available to the clinical
laboratory community. Entitled
"Guidelines for Service of Clinical
Laboratory Instruments" (TSI-6), it
plovides the user of clinical laboratory
instruments with a point-by-point
outline of the specific types of
training, maintenance, repairs, and
service that a manufacturer may be
expected to supply. Copies of TSI-6
are available at $11 from NCCLS, 771
East Lancaster Avenue, Villanova, Pa.
19085.

Two courses, Strategy of Experi­
menu.tion and Strategy of Formu­
lations Development, will be held by
the Du Pont Co. during 1979. The for·
mer course consists of 2112 days of sem­
inars and workshops on the use of sta­
tistical methods for effective, well­
designed experimenu.tion. The latter
course, 2'1, days. teaches students to
use statistics to develop formulations
or mixtures that provide the best bal­
ance between product properties and
manufacturing cost. Course schedules
and other information may be ob­
tained by writing to: Seminars, Du
Pont Co., Rm B-1370. Applied Tech­
nology Division, Wilmington, Del.
19898,302-774-6406

Pye Unicam Ltd" of Cambridge, En­
gland, is holding a series of analytical
symposia during April anti May 1979
in London. Manchester. and Glasgow.
Lectures will be given in the fields of

GC, LC, AA, JR, and UVtVIS. For fur­
ther information, call: T. Proctor or
S.C,L. Webb at 022358866, ext. 25/26.

Analytical Express Service provides
direct contact with Hice Division's
Illboratories for the analysis of regu­
lated parameters of water and waste·
water. The division laboratories offer
GC/MS/dau. system, GC. and AA
with nameless atomizers. For more in­
formalion, call Analytical Express
Service at 800·245·2730.

The guide. Chemical Industries In­
formation Sources (595 PP. $22),
provides an indication of the broad
ranJ{e of data and information avail­
able from a variety of disciplines. In
addition to published materials. this
work furnishes details on numerous
organizations and other sources of in­
formation on chemical and related in·
duslries. For further information, con­
Lact: Gale Research Co., Promotion
Dept., Book Tower, Detroit, Mich.
48226.

A lepolt flom the IUPAC journal
Purc and Applied Chemistry. Vol. 50,
Nos. 11/12 (1978), entitled Standard
Potential of the Silver-Silver Chlo­
ride Electrode is available. The reo
port was prepared by the IUPAC
Commission on Electroanalytical
Chemistry. Copies of reprints may be
obtained from: Chairman of the Com·
mission, R. G. Bates, University of
Florida. Gainesville, Fla. 32611.

Definitions or chemical terms are
recommended in three reports pub­
lished by IUPAC. Comments and sug­
gestions are solicited from all chemists
so that a final definitive report can be
published. The three provisional re­
pOlts soon to be published are in elec­
troanalytical chemistry, polymer
chemistry, and in thermodynamics.
For further information, contact: Mar­
tin Gellender, Infolmation Officerl
Editor. Bank Court Chambers, 2-3
Pound Way, Cowley Centle, Oxford
OX4 3YF, UK.

Glowth in the sales of sophisticated
instruments, especially overseas, has
prompted EG&G. Inc., producer of re­
sealch and health industry instru·
ments. to fOlm EG&G Instruments,
Inc. The new worldwide marketing 01­

ganization will handle the ploducts of
EG&G Princeton Applied Research
Corp. and Brookdeal Electrunics, an
EG&G subsidiary in England. The
new comhined sales organization be­
came effective Jan. I, 1979.
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That's because Accuchart
paper is specially designed
and produced by Gould for
use in Gould recorders.

Only with Accuchart can
you be certain of getting
the precise and permanent
traces Gould recorders are
capable of producing. Unlike
other papers, Accuchart
will not compromise the
accuracy or reliability of
Gould recorders.

Just check some of these
outstanding features
Accuchart-and only
Accuchart-can offer. Writing
surfaces are exceptionally
smooth and specially pro­
cessed to instantly accept
the trace with minimal pen
friction. Exclusive formulas
insure high tensile strength
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lFK Assassination: Bullet Analyses
Vincent P. Guinn
Department of Chemistry
University of California
Irvine. Calif. 92717

The world was shocked on Novem­
ber 22, 1963, when President John ~'.

Kennedy was assassinated by rifle fire
in Dallas, Tex_ It rapidly became clear
that either some or all of the bullets
were fired at the President's motor­
cade limousine from 8 comer room on
the sixth floor of the Texas School
Book Depository,just after· the motor­
cade turned onto Elm Street in Dealey
Plaza. Within about 2 h after the
shooting, Lee Harvey Oswald was cap­
tured a few miles away, but only after
he had fired four revolver shots into
Officer J. D. Tippit, killing him in­
stantly. Initially arrested for the kill­
ing of Officer Tippit, it soon became
evident that Oswald was probably also
the assassin of President Kennedy. A
search of the Book Depository sixth
floor room resulted in the finding of
three spent Western Cartridge Co.
(WCC) 6.S-mm Mannlicher-Carcano
(MC) cartridge cases on the floor of
the room, and an Italian-made
Mannlicher-Carcano military rifle
with one unfired cartridge of the same
type still in the gun. Oswald, an em-

ployee of the Book Depository, had
been seen there that morning and also
8 few minutes after the assassina­
tion-disappearing soon thereafter.

During the next 48 h, Oswald was
interrogated repeatedly, but consis­
tently denied having killed either the
President or Officer Tippit. While the
investigation was still in progress, Os­
wald was shot and killed by Jack Ruby
while Oswald was being transferred
to other quarters.

Warren Commission Investigation

\Vithin days, numerous rumors were
afoot that Oswald was part of a con­
spicaey to assassinate the President,
and that he had one or more confeder­
ates. firing from the same location or
from another location. The facts, soon
unearthed, that Oswald was an
avowed Marxist, had recently lived for
about three years in the Soviet Union
where he married a Russian (Marina),
and was an outspoken supporter of
Fidel Castro's Cuba, led many people
10 suspect an international conspiracy.
To investigate all of these possibilities
in depth, and to provide the American
public wilh a faclual analysis of the
assassination, the new President, Lyn­
don B. Johnson, appointed a Presi­
dential Commission to conduct a thor­
ough investigation of all aspects of the
assassination. Headed by then Chief
Justice Earl Warren, the 7-member
Commission became known as the
Warren Commission. Constituted only
one week after the assassination, it
conducted a lO-month investigation
assisted mainly by the FBI, and pub­
lished its findings in September of
1964 in the famous Warron Commis­
sion Report.

In this investigation, the Mann­
licher-Carcano rifle was definitely
proved to belong to Oswald (his palm­
print was found on it), the three re­
covered cartridge cases were proved to

have beon fired from it, and the al­
mosl undamaged copper.jacketed bul­
let found on Governor Connally's
slretcher at the Parkland Memorial
Hospital in Dallas and two large
pieces (a nose portion and a base por­
tion) of copper-jacketed bullet(s)
found in the President's limousine
were all shown to have been fired from
that particular rifle. Clearly, Oswald
appeared to be either the lone assassin
or at least one of the assassins.

1963-1964 Analyses

All of the analytical measurements
conducted by the Dallas police (incon­
elusive dermal nitrate tests run on
paraffin cast, taken of Oswald's hands
and his right cheek soon after he was
apprehended) and by the FBI Labora­
tory shed very little light on the
subject. The FBI took the Oswald par­
affin casts to the Oak Ridge National
Laboratory and analyzed them by
neutron activation analysis (NAA) for
the possible presence of primer resi­
due (barium and antimony) (/) still
there even after the Dallas dermal ni­
trate tests. This effort was thwarted
by the fact that the casts were badly
con laminated, essentially as much 80
and Sb being found on the outside
surfaces of the casts as on the inside
surfaces-which had been in contact
with Oswald's skin. The right cheek
cast, if it had not been contaminated
by improper previous handling, might
hoye established thai Oswald had very
recently fired a rifle. The FBI Labora­
tory also analyzed the various bullet
fragments recovered from Ihe Dallas
limousine, President Kennedy's brain,
and Governor Connally's wrist plus
the bullet recovered from his slretch­
cr. These specimens were analyzed by
emission spectrography. The resulls
showed that all of the bullet-lead
specimens were qualitatively generally
"similar" in elemental composition,
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and"could be" all oCthe same brand
of ammunition. That was all of the
chemical analysis work cited in the
Warren Commission Report.

Surprise Letter Found
In the National Archlves

For a number of years after publica­
tion of the 'A'arren Commission He- .
port, the author, several other forensic
scientists, and various critics of the
Commission urged that the Dallas
bullet-lead evidence specimens should
be examined in more quantitative de­
tail by some more powerful method,
such as NAA, to test the Commission's
conclusion that all of the specimens
recovered were fired only by Oswald.
The FBI, under J. Edgar Hoover, de­
clined or ignored all such suggestions.
And then a great surprise occurred
late in 1973, almost 10 years after the
assassination-a letter Crom J. Edgar
Hoover to the \Varren Commission,
dated July 8, 1964, turned up in the
National Archives. This hitherto un­
known letter disclosed the Cact that,
after the generally not verY informa­
tive emission spectrographic analyses,
the bullet-lead specimens had been
analyzed by the FBI, using the NAA
method. The letter contained no nu­
merical results at all, but merely stat­
ed that the NAA results were also in­
conclusive, and did not allow one to
discern how many bullets were repre­
sented by the various recovered Crag­
ments, although it did state that some
compositional differences were Cound.
Why Mr. Hoover chose not to reveal
that these NAA measurements had
been made, and why there is no men­
tion of them in the Warren Commis­
sion R~port, is still a mysterY.

1964 FBI NAA Data

Working with John Nichols, a Co·
rensic pathologist at the University oC
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bullet lead, and whether they corre­
sponded to two, or more than two,
bullets.

The \Varren Commission, it should
be noted, had concluded that Oswald
fired three WCC/MC bullets; that one
of them had missed completely; that
une of them had struck the President
in the back, exited from his throat,
gone on to strike Governor Connally
in the back (he was sitting in a jump
seal right in front of the President),
exited from the Governor's chest after
fracturing one of his ribs, struck the
Governor's right wrist-shattering it,
exited from the under side of his wrist,
and then came to rest in his left thigh
after penetrating the nesh only
slightly-finally to fall out on the
Governor's stretcher at the hospital;
and that a later (or last) one had
struck the back of the President's
head, exiling near the right fronl of
his head, causing a massive and fatal
wound. After issuance of the Commis­
sion's Report in 1964, numerous critics
scoffed at their conclusion that a sin­
gle bullet could cause the President's
back wound and the Governor's back,
wrist, and leg wounds-and still end
up with only a slight dent in it and
with only about a I% weight loss. They
dubbed it the "Magic Bullet." In addi­
tion, partly based on the Zapruder
film and on eyewitness accounts of
gunfire from a region in front of the
limousine (the so-called "grassy
knoll"), ralher Ihan from the rear,
some critics claimed that the fatal
head shot did not come from Oswald's
location.

A Phone Call !rom Ihe
House Selecl Committee

In the early summer of 1977, the au­
thor received a phone call from a staff
member of Ihe U.S. House of Repre­
sentatives Select Committee on Assas­
sinations-inquiring (1) whether the
author thought it might yield new in­
formation if the Dallas bullet-lead evi­
dence specimens were reanalyzed,
using improved INAA techniques; (2)
what kind of information might be
generated by such measurements; and
(3) whether the author would be will·
ing to conduct such analyses for the
Select Committee. To (I) and (3) the
answer was Ilyes," and the answer to
(2) was a summary of the information
possibly obtainable from such mea­
surements, based upon the author's
earlier studies of WCC/MC bullet
lead. It was then agreed that the au­
thor would reanalyze the Dallas speci­
mens, using the sensitive and nonde·
structive INAA method, with Ge(Li)
gamma-ray spectrometry.

New INAA Measurements

In mid-September of 1977, James
L. Gear of the National Archives new

Kansas Medical School, I joined in ef·
forts to obtain a copy of the 1964 NAA
data obtained by the FBI on the bul­
let-lead specimens. This also proved
to be a slow uphill battle. Finally, and
only by taking legal action under the
amended Freedom of Information Act.
Dr. Nichols succeeded in obtaining 8

copy of the FBI data-in April of
1975. Dr. Nichols immediately new
out to California with the data. and I
began a detailed examination of the 70
pages of the raw NAA data and calcu·
lated results that had been obtained at
the Oak Ridge National Laboratory in
May 1964 by John F. Gallagher of the
FBI Laboratory (now retired). The au­
thor's initial examination of these
data tended to agree with Mr.
Hoover's statement that the results
were inconclusive. But I will discuss
more aboullhese data later.

WCC Mannllcher-Carcano
Bullel Lead

At this point, Dr. Nichols and I
urged 8 reexamination of the bullet­
lead evidence specimens-this time
using nondestructive instrumental
neutron activation analysis (lNNA)
with a high-resolution Ge(LiJ semi­
conductor gamma-ray deteclor in­
stead of the low-resolution thallium­
activated sodium iodide [NaI(TI)!
scintillation detector thai had been
used in 1964. During the period
1972-1976, I had analyzed a number
of samples of WCC/MC 6.5-mm bullet
lead, from all four of the production
lots made by WCC, using instrumen­
tal NAA with Ge(Li) gamma-ray spec­
trometry. These known samples were
supplied hy Dr. Nichols and gave sur­
prising results. The results showed
that this type of ammunition was
quite different from virtually all olher
brands of bullet lead I had ever ana­
lyzed before (2,3). Although individu­
al bullets were fairly homogeneous in
their antimony and silver contents,
they exhibited a great heterogeneity
from bullet to bullet-even within the
same production lot and even within
an individual box of 20 cartridges. The
range of Sb values was especially
large, all the way from around 20 ppm
up to 1200 ppm Sb. Although still in
the range of unhardened lead, they
clearly were not made from virgin lead
but instead obviously contained ap­
preciable and variable amounts of re­
cycled lead-some of which was anti­
mony-hardened lead. The silver levels
ranged from about 5 ppm to around
15 ppm Ag. These backg!Ound results
showed that a more detailed analysis
of the Dallas bullet-lead specimens, by
INAA with Ge(Li) gamma-ray apec­
trometry, might be able to establish
whether all of the specimens were or
were not in the range of WCC/MC

Little things
mean a lot
in HPLC
Inlel !illers. Rheodyne inlet filters can
be connected between the sample in­
jeclion valve and the column 10 protect
the column !rom plugging. The 2 micron
filter element prevenls plugging
caused by particles in Ihe samples or
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Teflon Rotary Valves. Type 50 Rheodyne
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and Quantitive reagent injeclion. 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 or 1.5 mm bore and in
either manual or automatic versions.

U.S. price of 0.8 mm bore 3 and 4-way
valves is 580. The 6-position and
sample injection valves are priced at 595.
Cost of 1.5 mm bore valves is 52 more.
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Los Alamos ScienUfic Laboretory
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out to California with the Dallas bul­
let-lead specimens. During a three-day
period. the author examined the sped.
mens. prepared them for analysis, an·
alyzed the samples in two reactor runs
under different conditions, and re­
turned the samples to him. An amus­
ing aspect was that the measurements
had to be eonducted under tight secu­
rity and secrecy-during every work­
ing hour of those three days Mr. Gear
and the author were accompanied by
two armed, uniformed federal guards.
Needless to say, speculation amongst
the V.C. Irvine students ran high!
Later, reading the Ge(Li) pulse-height
data from the samples and the Sb, Ag,
and Cu standards back rrom the mag­
netic tape, J proceeded to calculate the
ppm levels of these three elements in
each sample.

Preparation of the samples for anal­
ysis was itself somewhat of 8 problem.
The various samples ranged in size
from about 1 mg on up to one large
portion of a jacketed bullet (Q2) on
up to an almost whole bullet (the Con­
nally stretcher bullet, QI). The small­
er pieces were taken each in its entire­
ty. From the large Q2 specimen, s
piece of the bullet lead rree of copper
jacket was cut off with a stainless steel
scalpel, for analysis. A sample of bul­
letlead was drilled out from the bsse
of the stretcher bullet (Ql), using a
O.5-mm diameter carbon-steel drill.

r:::;==:;;:;:;;::;C;IR;C;lE=7=SO:N~RE:A:O:ER;;5;ER~V~'C~E~C~A~R~O~~:=~~~~:=llEach sample was examined under
magnification to be sure no specks of

This comprehensive new volume reviews imbedded jacket material could be de-
nondestructive and analytical chemical tect.ed. To remove as much as possible
techniques in nudear safeguards mea- of any external contamination from
surement methodology - a very topical the samples, each was washed three
subject in the forefront of nuclear fa- I
search. Requirements in the area of starr times, alternately. with distilled
dards and analysis of data are also dis- deionized water and reagent grade ac-
cussed. etone. Each sample was weighed into
In view of a recent spurt of activity in the a specially cleaned small polyethylene
field, this book will be a valuable addition vial on an analytical balance. Several
to the science libraries of chemists, nu· small standard samples each of Ag,
clear materials management specialists, Sb, and Cu were prepared in the same
and NDA experts. size vials, the solutions evaporatedCONTENTS to dryness, and the mater isis cement-
Realm of MeasUfemenls • Slandatds IOf Chemcal Of cd to the inside of the bottom of the
:::::,m:I~s~~~~~~~:'~s vial by paraffin (using a few drops of
• CaJibl'ation Cutves. VerdicaUon of AeptoceSSlng 10% paraffin/CS2 solution, followed by
=~~~soA'::"s:,egE':: c:::.~.. air drying). The conduct of the analy-
On·LineAlphaMonilofsanclPr0C8uSlteamsinaNue· ses was somewhat restricted by the se-
~:I~U:~~~~~~::'Pl=m curity/s~crecy requirements, and by
SlruCttVet Assay of Mix80-0lide Fuels. AlXountabdrty the short time available to carry them
Me8$Ufemenl Syslem out (precJuding the possibility of
214 pages (1978) clothbound $22.00 doing replicate determinations of each
:9 ~-1~06__ I~N~8~2-~49':: sample, except for the silver determi­

l1ations, which could be repeated, due
to the short half life of 1I0Ag). Each
night, all of the evidence specimens
and the analytical samples had to be
taken away for overnight security
storage at the Laguna Niguel branch
of the National Archives.

In the first run, the I-SO-mg sam­
ples and the standards were activated
and counted one at a time, using the
pneumatic-tube facility of the V.C. Jr-
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Figure 1. Schematic of INAA determination of silver in bullet-lead specimens via
24.4-s "oA9

vine TRIGA Mark I nuclear reactor.
The conditions used were those of our
rapidscreening method (4), giving pre­
cision measurements for silver and
Jess precise values for antimony and
copper. irradiation, decay, and count­
ing times of 40 s each. The samples
were activated in a thermal-neutron
nux of 2.5 x 1012 n cm-2 5- 1, and each
was transferred to a fresh polyvial
during the 40-s decay period. Each ac­
tivated sample was counted with a 38
cm3 Ge(Li) detector/4096-channeJ
gamma-ray spectrometer. and the
pulse-height data were promptly
stored on magnetic tape. The most
prominent induced activities detected
were 24.4-8 1l0Ag, 93-5 124m lSb, and
5.IO-min ""Cu. Quantitative results
were baaed upon the largest photo­
peak of each (658, 49B, and 1039 keV,
respectively)_ The analytical sequence
is shown scbematically in Figure 1.

In the second run, the same samples
(and standards) were activated and
counted again, but this time all to­
gether in the 40-tube rotary specimen
rack of tbe reactor-for I h at a ther­
mal-neutron nUl of 1.0 x 10" n cm-2

S-l After about al-h decay, the sam­
ples and standards were counted as
before, but this time for 5 min each_
The most prominent induced activi­
ties were 2.BO-day 122Sb and 12_B-h
&leu, providing more precise values
of the antimony and copper levels.
Quantitative results were based upon
the largest pbotopeak of each (564 and
511 keY, respectively).

Results 01 New INAA
Measurements

As can be seen in Table I, samples
QI and Q9 (the Connally stretcher
bullet and fragments from Connally's
wrist, respectively) are indistinguisha­
ble from one another in their Sb and
Ag concentrations, but are clearly dis­
tinguishable from the Q2, Q4, 5, and
QI4 samples (Q4, 5 being fragments
recovered from two different areas in
the Dallas limousine)-these latter
three samples, in turn, being indistin­
guishable from one another. The re­
sults for copper follow the same pat­
tern except that no reliable value for
Cu could be obtained for sample Q9,
because it was greatly contaminated
with Cu from imbedded jacket materi­
al. From the induced 66.9-min ""mpb
activities (an (n,n') fast-neutron prod­
uct of lead] (5), it was also established
that aU of the samples were at least

9O'l61ead. The sample Q d..ignatioll.l,
by the way, are thoee originally ..­
signed to the evidence specimens by
the FBI. The CE designations, which
are also shown in Table I, are the
Warren Commi..ion Eshibit numbertl
assigned to them.

The conclusloll.l derived from these
results-interpreted in the contelt of
my earlier measurements on back·
ground WCC/MC bullet· lead sam·
ples-are definite and stnsightfor·
ward: all of the Dall.. samples are in
the unusual (though not necesaarily
unique) concentration ranges of
WCC/MC bullet lead; and the speci·
mens show clearcut evidence for the
presence of two, and only two, WCC/
MC bullets-one of a compoeition of
BI5 ppm Sb and 9.3 ppm Ag, the other
of a compoeition of 622 ppm Sb and
B.I ppmAg.

A 5econd Look at Earlier
FBI Dala

After I had obtained these new reo
suits, it seemed to me that the pres­
ence of two different compositions
should have been discernible from the
FBI's 1964 NAA data, in spite of the
complication of the 20-fold poorer en­
ergy resolution of the Nal(TI) scintil­
lation detector thet Mr. Gallagher
used (the high-resolution Ge(Li) de·
tector was not generally available in
19641. My previous elamination of the
FBI data had revealed that the results
had been obtained for silver (via the
24.4-s "OAg induced activity,,, in the
newer measurements) under one set of
irradiation/decay/counting time con­
ditions. His values for silver agreed
closely with the new values. The com·
plication, however, was that Mr. Gal·
lagher measured antimony (via the
2.BO-dey '22Sb and BOA·day '2<Sb in·
duced activities) under four different
sets of irradiation/decay/counting
time conditions-unfortunately ob·
teining four rather widely different Sb
values for each sample. The wide
spread of Sb values for each sample
obscured any distinction between the
QI and Q9 samples, on the one hand,
and the Q2, Q4, 5, and QI4 .amples,
on the other-if all the results were
viewed simulteneously. This confusion

4e2 A • ANALYTICAL CHEMISTRY, VOl. 51, NO.4. APRIL 1979



varian
announces
training
courses•Inps
chroma­
tography
Schedulefor
~ril, May and
september 1979:
Basic Gas Chromatography
April 10-12. Park Ridge,ll
May 9-11. Florham Park, NJ
September 12-14. Walnut Creek. CA
leclure & lab. 3 days, 5225
lecture only. 2 days. $155

Glass tapilary
GaS Chromatography
May 14-1~, Florham Park, NJ
lecture & lab, 2 days, S225

Maintenance of the
Gas Chromatograph
Aplll 16-17. Park Ridge, Il
September 17-18.Walnut Creek. CA
lecture & lab. 2 days, 5225

Automatic Gas
Chromatography·
ApIlI18-20. Park Ridge. Il
May 16-18. Florham Park. NJ
September 19-21,Walnul Creek, CA
lecture & lab. 3 days, S200

To en,Oll,n Park Rodge and Palo Alto
courses. please contact the Varlan
InStrument OWISlon TralOlng Depart·
flwnt. 2700 Mitchell Dove. \Yalnut
C'ee".CA94~98 Telep/lOnel41~1
939·~..JOO e),! 225 EnrOll In Flor·
ham Par~ ':OU1S~at Vallan Instru·
ment DI\lI$IOn TraIning DdP3rlment,

~
2~ Hanover Road.

Florham Park. NJ 07932.
Telephone ,2011822·3700.

'One IUlltOIl·lree
course per Model
37/71 purchase

ClRCtf 2H ON IfADfI 511MC1 CAID

,vIAl.YTICAl. CHEMISTRY, VOL. 51, NO.4, AJIRl. 1171 • _ A

Thus, analytical chemially-which
in 196.1-04 had not shed much light
on the assassination-finally succeed·
ed in producing significant useful in·
formation. The nond~tructiveinstru·
mental neutron activation anaJ)~is r~­

sullo ha,'e demonstrated that, to a
high degree of probability, all of the
bullet-lead evidence 8pKimeM are of
WCC/MC 6.5-mm brand, that there
is evidence for the pr~nceof por·
lions of two-and only two-such bul­
lets, and that the Connally stretcher
,'irtually intact bullet indeed caused
the fracture wound or Gm'emor Con­
nally'. wrist-a pre,,;oUllly hotly dis­
puted pan of the "'arren Commis­
sion·. theory. The back wounds of
President Kennedy and C",..rnor
Connally ill\'olved ....ntially no dam·
age to the bullet (or bullelsl causing
them, and thUll produced no frag.
ments for possible analysis. The "e-'
results cannot pco\·e the \\'anen Com­
mission's the-or.. that the stretcher
bullet is the on~ that caused the Presi·
dent's back wound and all of the Co,,·
ernor's wounds. but the results are in·
deed consis'ent with this theory_

And What Now?

In due time, my report to the Select
Commillee will be made public and
u"ailable, and I ,,';11 be submilling a
St"ries uf 5e\'eral papers to the Journal
of Pon'nsir Sc:it>nr-.,s (of the American
Aradf'm\" of Forensic Sciences) that
will ro\'~r this in\'estigatiun in greater
detail. These paper.< will also include
additiunal studi~ in my laboratory,
suml' uf them still in p~ress at this
writin~, un hlll'k~roundWCC/MC bul·
let·leud sam pI.. (furth.. homOl:eneity
studit.·:,1 that will enable-ont' localru­
Intt' nt'lUlll numeril'nl prubabilities.

Relerenee.
(11 n. It HU('h, \'. P. (;uinn, and R. H.

Pinkrr. Trun.~, Ani. Nud, Soc., 5, ~>S:?

subs,t'qu~nt pallf'l'S, AEC rTpnrt (196:H.
1~1 H. It l.ukt'l\S and V, P. Gulnn. J, Fo­

rt·n~il·S("l,.I6.~l()1 (19.l).
(:II H. II. Luk."". II. L S<hlosi'\llor, V. P.

Guinn, and H. 1'. Ha('kleman. •• ...Uft'l'\S.ic
Ntlutnm A('ti\'dtiun AIUlI\'Si:; of Uullet·
I.ead SpeC'imtns:' U,S, ABC Report GA·
10141, ~8 pag.., t970.

(4) V. P. Guinn und M. A.I>urt"eIl.J. Ro·
diuGliol. Chi''''" 3',8b (l977),

(51 T.I14k·Hiren and V. P, Guinn. Tnuu.
Am. Nuc/. So<.. Z8,9-l 09781.

(6) V. P, Guinn Itnd J. Nichola, ibid., p92.

no doubt led Mr. Hoover to stale that
the resulLA "--ere inconclusive.

However. my second review of the
Fill dota (6) Ibenefiting, of roune,
from the hindsight goined from the
newer Celli) resullol resolved this
onomoly. Although not heretofore re·
oHzed, the old FBI data olso showed
thot samples QI and Q9 were similar
to one another in their Sb and Ag ron·
tents (Cu .....as detected, but not mea­
sured), and distinct from samples Q2,
Q4. 5, and QI4-which. in lurn. were
similar to one another. This conclu·
sion was reached by examining the Sb
results obtained by the FI3I for all the
samples under all four conditions­
but with the dota for each condition
cumpared only with one another. rath·
er thon intercompnring the results ob·
tained (or each sample under all four
conditions. Examined in this fashion.
it was revealed that. for each of the
(lUr FBI mcusurement conditions.
samples QI and Q9 mOlched closely.
and were Quite different from sampll"S
Q2, Q~, 5, und QU, which in turn
mntchNt one another closely. The FBI
results are displayed in this· fashion
in Table II. Apparently. some errors
in some of the standards used. and/or
in the C'ounting conditions used in the
four different measureme-nL" led to
some cunsistent (determinate) errors
thut resulted in four different Sb \'01·

ues hein~ obtained on the samt> sam·
pIe. The FBI "olues for one of their
('onditiuns (set :1) a~ree closely with
the newer Ge(l.i) \·alues. but their reo
sults fur the other thrf'e C'onditiuns Hort!
numerically cunsiderably different
from the CelLi) results.

Pre.entallon 01 Result.
Be'ore the Sel8<:t Commillee

After I hud submitted a detuil,-d re­
purt tu the Select Cummittee un my
INAA results and conclusiuns l"On·
l'.rnin~ the Dull... bullet·leud e"i·
dence specimens, the Cummittee rc~

quested thut I present these nt their
puhlit' hcurint:s in Woshint:tun. D.C,
On September ll, W711, I presented II

9O·min Hummury of my findin.::s and
conclusions (nationally telc\'isoo on
pubHc service TV), the!JO min includ·
in~ quegtioning by \'ariuus uf the 12
Congre..men whu constitute the Se·
lect Committee.
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Behind every EM-Series NMR Spectrometer stands

A team of experts to support you
II's the team that has helped make the EM's what they are
today: the fastest-selling permanent-magnet NMR
spectrometers in the world.

The first member of the team you'll meet is the Varian Sales
Representative, uniquely qualified 10 help you choose the EM
instrument that best suits your needs. Perhaps the easy-to-use,
low-cost EM-36OA for routine 6O-MHz analysis of proton­
containing samples is best for you. Or perhaps you need the
more flexible performance of the EM-36Ol to handle "F
and "P observation as well as 'H at 14 kG. For the ultimate in
high-resolution performance, you may want to consider the
9O-MHz EM-390, with the high sensitivity and chemical shift
dispersion of a 21-kG magnet. Your sales Representative also
will be the one to tell you about the great features all EM's
shpre: the low power consumption, the fact that they need no
coOling water, their full compatibility with variable-temperature
operation. And he'll even arrange for financing if you need it.

Now you are ready to meet the resl of the team.

Your order will be processed by an individual with a knack
'or handling the minute details of your requirements and the
Product Specialist, who sees to il thaI these details, your
applications needs, and your special wishes all corne
together to a happy union.

When your Varian EM-series spectrometer is installed, a

414,\ • ANAlYTICAl. CHEYSTRY. VOl. 51. NO.4, APRL 1878

trained service Engineer Will check its operation to make sure it
performs to specifications and thai you know how to operate il.
But help with really gelling to know your instrument comes from
the Technical Writer who has put together a set ot Instruction
manuals that in depth and competence counts among the linest
in the industry. And you get powerful support from perhaps the
least conspicuous member of the team: the Duality Assurance
Administrator. He not only establishes and enforces Varian
quality standards, he also stands In the WingS to monitor
the installation of your instrument and ItS performance.

Should you ever get stumped by a tricky application or a
methods problem, you'lI have an -inside- friend-the Va"an
Applications SCientist. Here's a storehouse of NMR expertise
to draw from, and the answer to your problem may be as
close as your telephone.

The team behind the EM-Series NMR Spectrometers is
a bonus feature that makes a big diflerence. Ask any of fhe
1000-plus EM-owners!

For a package of information about the EM.series@
NMR Spectrometers, circle Reader Service
Number 218. To have the first member of fhe
feam call you, circle No. 219. Or wrife Varian
Associates, Inc., Box 0-070, 611 Hansen Way, •
Palo Allo, California 94303. vanan
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Varian SF-330 Spectrofluorometer
Stable, simple, economical.••

It's designed to
work for you•

I
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- -

\~ ~-A 0 ;--f)

Now Ihe inherenl sensitivity of fluorescence spectroscopy can
be applied to a broad spectrum of quantitative determlnatlOns_ In
environmental studies. Industrial hygiene. pharmaceutical assays.
food/nutrition. and biological assays for enzyme actlVlty_
Sialic aCid. porphyrins. elc

SF-330 gives you accurate. reproducible data. effonlessJy The
rallO photometric system provides a new level of slability. Frequent
calibrations are not necessary Efficient oPlrcal system With
concave graling assures high energy throughput over the ennre
operating range

Irs easy to vary operating parameters to SUIt your pan,cular
applicallon. The convement front panel prOVIdes Simple. precise
conlrols and clear. legible readouts that minimize guesswork.
A large. four-turret sample companment facilitates sample handling
and interchange of accessories such as HPLC flow cells

And the price is right. No other spectrofluoromelE:r In thiS medium
price range comes close in performance or convenience.

Circle 228 for more information. Circle 229 If you want our
representative to call Or write: Varian AssOCiates. Inc.. 0.070.
611 Hansen Way. Palo Alto. CA 94303.
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label around.

WARNINGI
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• HARIolRA. IF INHAlEO OR
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FISher Certified HPLC Solvents. The label that tells you eveJ'},thing
you want to know.

Optical absorbance at a variety of wavelengths (full spectr.J1 curves on
request). Refractive index directly traceable to NBS. Background fluorescence.
UV cutoff. Assay as mol '70 via Gc. Water and preservative linhibilorcontenl.
And much more.

Fisher HPLC solvents - so pure you can use them for gradient
elutions. They're distilled in glass. And submicron-filtered 10 e1iminale
particulates.

After all, today's high-performance liquid chromatography columns.
deteeton; and samples are valuable things. They deserve the best. That's why
Fisher defines and certifies every parameter vital to their proleclion.

In stock at your nearest Fisher branch. Or have your bmnch set up a
Customer Reserve Quantity arrangement, reserving your HPLC solvenls needs for
you alone. shipping automatically to your timetable. You can even reserve an
entire lot, guaranteeing total uniformity month in. month OUI.

And remember: Fisher also stocks an impressive selection of
auxiliary HPLC materials. Apparatus. appliances. supplies. This simplifies your
ordering - and your laboratory life. _

Write for HPLC catalog today!

~
~ Fisher Scientific Company
~ 711 Forbes Avenue plnsburgh PA 15219
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YOUR "READER SURVEY" VIEWS ARE VITAL
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.

APRIL 1979 VALl) 1l<lOOGH TO V/..llDATE THIS CARD. PLEASE CHECK
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The dual system Ion C;:hromatograph 16 utilizes newly
developed ion ex.change columns which allow
separation and detection of all Ions in complex
mixtures with pKa less than (approximately) 7. This
includes inorganic ions such as chloride. nitrate and
sulfate as well as organic acids such as C,-C,.
carboxylic acids, organic phosphonic and sulfonic
acids, and carbonic acid.

The Dionex IC 16 is extremely versatile. Just dilute the
sample and in the most complex matrix you can
determine· a host of strong acids or their salts such
as inorganic ions· Weak acids or their salts such as organic
carboxylic acids in a single sample analysis· anions and cations
simultaneously with a single sample injection (because the ion
Chromatograph 16 is actually two systems in one).

There's more. The IC 16 includes auxiliary valves which allow the
use of additional chromatographic detectors such as U\l
Pre- or post columns can be used individually or coupled with
this dual system and you can even use column gradients.
Let your imagination run wild!

For information on this Dionex
innovation, call or circle the
appropriate reader
service number.

For Inlormallon regarding applications
oiIC. clrclolho appropriate number.
A!T _ so Blino AnoIyslo 5<W__ 51 __ 55

EJomontaI AnoIyslo 52 .0UIlIlY~ 58
SolI AnoIyslo 55 Ie I. 57

DIONEX
Ion Chrom.tography Sy••mI
In tho U.s.: 1228 nten Way
Sunnyvale. CA ~086

Phone (408) 737.0700
In Europe: alo 4, The Buchan, Camberlell Surrey. GUl5 3X8 England.
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New Products

LC·XP sen.s high--performance liquid dvomalography instruments ate modular in design
with • basic conrJ9lOtion Ihal consists 01 •~ p;stoo~. UV detector. !he desred co>..,-"
and injection system. Additions to the basic jt)stn.ment include: lC-XP Di.alami ... unit which
provides rapid seJection of any mOOlIe of two solvents: lG-Fl f1uorimetric defeoOf': a series
01 isoaatic and gracfienl elution liquid ctvomat09'"aphs based on the LC-XPO dual-piston re·
ciprocaUlg~:_!he LC-XP gaQer< progarrmer whO> is able to store l4l to 10 progams.
Pye U>icam Ud.. Catmridge. England 001

UV-VIS Spectrometer

A UV-VIS spectrometer, lor continuous
tiow analysis and HPLC applications.
features flow cell path lengths to 100
mm, a 50-fold amplllier, spectral JUnge
01 190-900 nm, and bandpass 01 2 nm.
Accessor ies include automatic sam­
pier, tIJmperatUfc-controlled flow cell,
and digital printer. Lachat Chemicals,
:nc. 412

Centrifuge

Spinette Senior can centrifuge samples
with volumes up to 90 mL at 3200 rpm
(1286 .g). and accepts six 10-15·r.1l
centrifuge tubes. It features covered ro­
tating parts and a power interrupt inter­
lock. International EQUIpment Co. 413

Particle Size Analysis

Autosieve automatically provides size
distribution of particles in the 500-38­
jJm range. Sieving. collection. weigh-­
ing. washing. and data reduction are all
microcomputer controlled. Micromeri-
tics Instrument Corp. 416

For more information on listed items.
circle the appropriate numbers on
one ot our Readers' Service Cards

Digital Image Analysis System

MOP, a digital image analysis system
which consists of a microcomputer and
a multip...pose rneas..-ing tablel, can
measure up to eight parameters simul­
taneously and summarize and store
data in up to 20 separate dlannels. The
images can be analyzed from photo­
graphs-X-<ays. projections, draw­
ings-or a microscope. The system
can determine percentages. averages.
standard deviations. area diHerentials.
and distribution analysis. Carl leiss.
Inc. 410

Dye Laser

LFDl-l longitudinal flow dye laser is a
tunable high average power instrument
that provides 1-2 W 01 power at a rep
rate of 10-20 Hz. A regulated l-l<W
high-voltage switching supply makes
energy Inpul/pulse Independent 01 rep
rale..A t1vee-prlsm tuner is standard.
Price is $18 000. Candela Corp. 414

Liquid Chromatograph

Series 750 modular HPLC leatures a
dual piston. pump. gradient program­
mer, column oven, and a UV detector
with 200-280-f1m range. Constant vol·
ume mobile phase delivery is provided
from 0.1 to 9.9 mL/min with less than
1% pulsations peak-to-peak. A variety
of accessories are available. SchoeHel
Instrument Division of Kratos. Inc. 411

UV-VIS Spectrometers

The SP8-150 has reduced stray light at
220 nm 01 0.010/0 and is fitted with a
red-sensitive photomultiplier for a
wavelength range extending 10 900 nm.
Accessories include modular units lor
lirst to fourth derivative and log A spec­
tra. The SP8-250 is microprocessor
controlled and has a double monochro­
mator with stray light betow 0,0002 %.
Both instruments feature master holo­
graphic gratings. Pye Unicam Ltd. 415

Chtom.top.c C·R1A rKOfdlng d.l. pro·
ce,&Or feahxes a thermal prinler plotter, re­
cording 01 names of componenls. processing
of up 10 339 peaks. processed exponenllal
signals from FPC (sullur compounds), mea·
6uremenl of peak heights. c;jelermlnlng B cal­
Ibrallon curve by the two-point method, 40d
multJple·calculallon function. Shlmadzu Sci·
enlllic Inslrumenls. Inc. 402
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THE ANATOMY OFA
QUALITY HPLC COLUMN

FROM BIO-RAD
OF COURSEI '
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Yoo can haw compkte confidmt:e in
the pertOlmance of Bio-Rad. HPLC
columru fot the best of all poosibk
",,,,,,,,,, "" g"",wllu it. SpeciflCllly,
"" guar.lI1tcc column effkimcy, peak
symmetry. and flo..r.. rnistance. Fur~

thennnl'C. t."'\~f)' Bio-Sir culumn comes
with a test chromatogram and a test
solution sample 50 that )UU can "'erif-,­
pcrtutmance luunclf.

Bi,,·Rad nffen a wide ",kction of col·
umru- all competitively priccd- and
a "'ide choice of lOp quality pack.
i...... includiJll: - Bio·SiI HP·IO for ad·
""V,ion - Bio-Sil ODS-IO for ..","""
phase: - Bil>'Si! GFC 100 frn acluoion
_ Aminex· HP-C and Amincx A·9
fOl cation~ - Amina A·21

for anion cxcharv - A variety of CU!I­

,om packi'll" for spccifk applications
(HPX·87 and HPX-'l2 for carbohydrate
.nal-,~is arc tl'O examples).

Requ~t Bio-Rad Bulletin 1056 (er
detail> and our guide 10 HPLC column
cv.Jluation. l..oruact:

lb."'\) \l'r'l(lv A,,,,,,,,,
Richm..nJ. CA 9iS04
fl. ..... (415) ZH-4I30

Abo in: Rodtvillc Cma•• N.Y.; Mis&­
__ Ontaro; Lundoa; Mibn; Mirid>;

V........



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', DW·2a Spectrophotometer. 'mall
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 yersatility extend your range of sam­
ple 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
pabiJity-expanding accessories - like the MIDAN Ana­
lyzer - ensure continuing adaptability to your special
applications needs.

lKAMINCO
CWISI:)H a TRJt.IEHC:I. lJo8'JRAJCIAIE&..c..",. Se Md 1WO-~ JOH4:li'1111
£ ... ..0.... ' ...__...1 A"..,u...../.~ ......g.3oIl l[I'l£Ibo ·'.boo....".. 1'10 ........ {" .•AI'\·~,'J••
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Cancer-The
Outlaw Cell
Richard E. laFond. Editor

An estJmated 390.000 AmeflC8ns Will :JIB
01 cancer thIS yesr IIIone lind one our 01
every lour will develop some form 01 thIS
dread dIsease wtrhUl the" IIlstllns

Siallsbcs such as these show the need lor
a book that will ex~aJn our current state 01
the an In cancer research USIng Slmp~,

C~~~~rt~rw;~:'O~t7~~~ua~~~~
fulfills thiS need by making the latest ad­
vances In cancer research avaIlable to the
general pub!K: In a clear. non-techmcal
style that can be read and understood by
both the prolessK>na1 scIentist and non·
soentlSt.

Wnnen by leading experts at the 'Ofelronl
01 their speCLathes and prolusety Illus­
trated In cok>r. thiS colleeoon of artJdes
covers (he greal stndes that have been
made In understanding the causes of
cancer. how this disease IS spread.
cancer as a bIochemtCaJ problem. and
non-surgICal modes of therapy.

CONTENTS
c.rce..-An~· ~c Pttot.T\ofTOGI'o-m
.In(] SQt.aa.l~J lid.,.,.., ",.,;_1 L t<!'r>--••
ContI()loICt-I~,"~",~UlB P.,c1Hancr
~.~o S sc~ • c.roc..o a, a Prcc.m 1'1

~~C:~:7""~':-:: ~~~~'Li: ~ eel
C~·Causongcr.m.c.aJs EI1.o-U'lIC w..,abut'~.

C&nc:... ·Ca\Nl'\g ~ll4Ibof'I Robeolf L UMnCh. J
Mcf1Hl HoIIanO ana Jo/Vl B SlOt.... cane.... and
VIl'UW'ti NnoIdJ L.~."..ANATutnOlVIfuW'S RoO-if
o Ca1~tr • ~1n'UM' - A lonll. '" If\e C&nc:eoI
Ch&.rI. At-.t C Ho/tt'I~.a ena W• .m .... Knaus.
~&f'I(ITrwltnn'Vle~tQOIl.. JaML I.".y.
kTvnunotr"efapy 01 H1.6l\afI Cancet. La"y A SCl'la.
and E~en U Hersh. RAdoa\.lOn Ttwfapy ().ena I
N~SO'I ancI P1tAp Ruoon • ~apy 01 CVIQ'f.
Jouptl H &otc,*,aI ancr JoMI R &Pch¥laJ

~~2fa~r,U1978)C\~~~~~~~04og5-5

~~2t;r,~1978)P~~C~~~'~31-4

SIS/American Chamleal Society
1155 161h 51.. N.wlW.,h.. D.C. 20036

1~~cJ~.~ IAtr~~~
~ Ch«"'~IOfS _ I 80Ime
Pe»lp..Jd "" U 5 and Can~. ply. 1~ c.,.,.~.
N.....

...,.



You can get this 50-page
chromatography bibliography
free for the askIng from
Flondln Irlltell you exactly
why Flonsil' IS widely used to
solve tough separation prob­
lems in column and thin
layer chromatography.

The bibliography II1cludes

Flonsll s chemical composi­
tion. physical properties and
adsorpllvlty data. And a list­
ing of who did what in chro­
matography with Flonsil.
Everything from Alkaloids to
Thiosteroids.

Free for all. Floridin's
Chromatography Bibliogra-

CIRClE .79 ON Ru.DU $UVICE CARD

phy Contact Floridin Com­
pany. Dept A-4. Three Penn
Center. Pittsburgh. PA
15235. Phone: (412)243·7500.

~D®OUO@OOD
A Membe< Of 'he lIT System

PQ"oo
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NEW!
UPDATED!
EXPANDED!
A totally revised edition of the
best selling single publication
ever produced by ACS

Cleaning Our
Environment
IA~

~
NEWl
• Analysis & Monitoring
• Toxicology
• Radiation

UPDATEDl
• Air
• Water
• Solid Wastes
• Pesticides

The lirst edition 01 CLEANING OUR ENVIRONMENT, published in 1969,
quickly became the ACS all-lime best-selling book, But, because this Is
a changing world~speciallyin 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 areaa-analylll and monl­
loring, loxlcology, 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. $9.50 paperbound.

Essential reading lor:
• educators
• researchers
• legislators
• administrators
• and a great refresher for

environmentalists

~---------------------------------I 8pec1"1_8_ Please aend me __ copies 01 CLEANING OUR ENVIRONMENT-A I
I American Chemical Sociely CHEMICAL PERSPECTIVE I
I 1155 Sixteenth 5tnaet, N,W. I

Washington, D.C. 20036I PRICES 0 My payment is enclosed 0 8<11 me I
I 1-9 copla 59.50 each I
I 1ll-49 copies ....• , ....•. $8.50 each Nama I
I 50 or more 57.50 each Addra.. I
I EndoH 51.50 per order CIIy II for hondIing and pootoge. I
I ~::=' add Stata Zip coda I

~--------------------------------~
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* MUCH GREATER SENSmvrrv

* SPECIFICITY OF MEASUREMENT
• NEWEST LC. TECHNIQUE

More sensitive measurement
than UV or visible absorption
monitoring

More specific: mathod of measurement be­
cause fewer compounds exhibit fluorescing
property • Fluorophors are stable for Le.
uses * As Iittla as 10 to 40 nanograms of
protein can be detected.

Call or write
Gilson Madlc:al Elac:tronlc:s. Inc.

Box 27, Middleton, WI 53562
Phone 608/836-1551 * Telex: 26-~78

CIRCLE 125 ON READER SuvtCE CAID

The cAutoAnalyzer*
is the standard

14625 S E. 82"d 51., Clac"'ulllas, OR 97015
503·657·3010 or 800·547·6275

* Rebuilt AutoAnalyzer instruments* Full line of accessories & supplies* Applications Engineering

cALPl@M Corporation

andcALP~M

rebuilds the standard.

CIRCLE 2 ON READER SERVICE CARD CIRCtE Sol ON REA DEI 5flVICE CAID
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(IICU 87 ON REAOn snvlCE CAIO

[{] The proof is in
" the cbromatogr.....

Deule,lum Oa•• Specilicalions and
principal uses 0' 0, gas are dellned In
a speclflcallon sheet 2 pp. Liquid Car-
bonic Corp. 435

laolope. Newllell... Feall.es the auto­
mation at mass spectrometric isotope
ratio measurements. 4 pp. Micromass

436

X·,ay Abaorpllon Analyz... Ope'ation
and specillcatlons 0' the Model 720 are
outlined. 2 pp. Columbia SCientilic In-
dust,ies Corp. 437

Chlorine Meaau,ement Sy.tam. Bulle­
tin F·l000 gives information on the use
01 polarographic sensing technology
for measuring various species 01 CI.
6 pp. Delta Scientific Products. Env~o-
tech Corp. 438

Vacuum Flltrallon Man"okl. Simulta·
neous filtration 0' multiple samples 'Of
Individual analysis at fiUrates. as well
as retained Of' membrane-bound
species. is described. 3 pp. Amicon
Corp. 439

Mol.lura Analyz.,. Aquatest IV. a mi·
croprocessOf'~ontrolledhlratOf'. is de-
scribed. 4 pp. Photovolt Co<p. 440

Catalogs

TLC P,oducl•• A line ot precoated TLC
plates and accessory items is available.
36 pp. Analtech•.Inc. 445

Organic Chemical•• No. 50 data ser·
vice catalog includes price list on f1lO(e
than 4000 chemicals. 224 pp. Eastman
Kodak 446

G.n.,al Catalog. Over 9000 lIems '0<
industrial research. heallh sciences.
chemistry, agriculture. environmental
and air pollution control are described
In the 1979-80 edilion. 468 pp. Cole-
Parmer Instrument Co. 447

Scl.nc. Suppll••• The 1979-80 edilion
Includes Items on pH. pumps. and spec·
trometry accesso<ies. 240 pp. Markson
Science Inc. 448

Flow M.I.... Sets 01 data 'or a wide
variety of flow meters. basic speciflca·
tions. appllcallons. and theory 01 flow

. melers a,e given. 24 pp. Matheson In·
struments 448

Spectrometry Ace_.... Smart
printllf and dlgitallntllf'ace port are the
accessories described 'Ot the Cary 219
spectropholome1er. 4 pp. Varian 430

SamI.QAc~. The semiquantita­
live analysis accessory 'Ot the EED5-l1
X...ay energy dispersive spec110sc0py
system is described. 2 pp. EG&G Drtec

431

Liquid Chromalography Me_ De­
velopment. The metho<ls developmen1
processes involved in al1acking a liquid
chromatography separation problem­
column and detec10t selection. sample
pretreatment. chromatographiC optimi­
zalion-are detailed. Solvent property
charls are included. 18 pp. Pllfkin-
Elmer 429

GC Detec1ora. Application bulletin
(GCD-45) describes the GC-331R and
GC-55 UV detec1Ot. 6 pp. Pllfkin-Elmer

425

Wh~n (he quality ts in the product you can
h..Ad II In the chromalogram. <Monro $UP­
pII,... romp/<.. In< of hlgh-quollry liquid
chromalography pfC)CJUeu:
• HPLC Syst<m I
• A ronlpl~tc tine of pr'1*k",'Ci HPlC

columns
• An exclusive bne of dassical LC columns
• Hlgh·quoliry pocklngs. syringes.od

d!spens,,,.
Write for our new catalog.

Manufacturers'
Literature

Septum. Low-bleed~atur.
silicone 'ubber septum called Thermo­
green Ul-l is described in buIIelin 780
en1nled "GC Septa," 7 pp. SuptlIco.
Inc. 421

X-ray 11uofeac:ence. Te'a III. a tube­
exciled energy-<lispersive fluorescence
analyzllf. is described in a broctue
along with the advantages 01 the melt>­
od in elemental assays. 16 pp. EG&G
Drtec 4U

Valprolc AcIcL Bulletin 718 discusseS
the use 01 $P·I000, a terephlhelic acid
modified Carbowax. in analyzing valu
proic acid and other an1iepileplic drugs.
2 pp. Sl4l8lco. Inc. 432

Wal.. Scale AnaIy.... Application note
on the analysis 0' water-'ormed scale
lOt major. minor. and trace e""'*U
by energy dispersive X...ay fluores­
cence is available. 7 pp. EG&G 0r1ec:

434

€u«:~
Gt••co SdeIId8e I8c.
ThI toW lC ....... .-cc 19U

2802 WhIl. Oak Ddw__T...71OO7

7131861·9W
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In the fIve years SInce lhe lust edllJon
was published. Hazards In the

~~~,~~~~aa~~~~~~rh~~~:;~'~11
types 01 laboratory enwonment
Hcwever. over Ihls perlOO many
developmenlS have taken place
which lustily changes In scope and
emphaSIS

ThIS second edlhon contains

~~~~:~~e~hn:;'cca~a.;'~~~~;and
Chemical Hazards and TOXicology.
The aUlhors 01 the chapters In the
angInal volume have also brought
the,r COnlrlbullons up-to·date In the
Ilghl of changing altitudes and
legislative changes thai are III

progress The seclion dealing With
hazardous chemicals has been
greatly expanded so as to provide
detailed tnlormallon on lhe
properties, warning phrases.
inJunctions. tOXIC elfects. hazardous
reactions. fuSI aid treatments, fire
hazards and spillage disposal
procedures lor all common
IaboralOry chemicals. together With
short notes on the hazardous
properties and reactions of s~veral

hundred other less common
chemicals.

Brief contents

Inltoductl()(l. Health and Salel)' at Work

~~~I~~~~~~a~~;l~~l~~~;~es
ChemIcal Hazards and To.,cology
Medical Services aOO Fltst Ald.
Hazardous enemleals. Safely m Hospllal
BIOChemIstry labOralofles PrecautIOns
Agalnsl Radiations
480 _ nenliSBN G-45186-6ee.e
hardback 115,75

o.slnbuled by The A!nellcan ChelT\lcaJ Socl4tly
PubliShed by The ChemCaJ Soc.ely

SIS/_c." CIlemlc.l Society
1155 161h St. N W !Wash. 0 C 20036

Please send __ copies ol HalalaS IfI me
C/lemt(;aJ L8bCNatOly 2ndfdltlOfl aI '15.75 per
copy
o CheCk encloSed lOt ,__ 0 Bill me
Poslpald In U 5 and Canada, plus 40 cenls
el5OWhelo

Nome

New!
214nm
Line
Source
Now available for instrumentation
applications requiring high intensity
shon wave UV. TIle Z-8OO PEN-RAY·
Zinc Lamp was designed for OEM
application and is sized for retrofit in
existing inszrumentation. "'s the first
tight source of its kind with a
predominant spectral outpUt at 214
and 308nm.

• Stable. reprodudble transmission
• 1..ovJ noise in the output
• Highest available brightness of

the source
• Applicable for liquid chromatography

systems and air pollution monitoring
equipment.

~ Call or write today for more
Information.

• MONOPHOTOMETER
(Single Detector)

• DUOPHOTOMETER
(Two Detecton)

• DiffERENTIAL
REfRACTOMETERS

• ABSOLUTE
CALIBRATION

AVAILABLE WITH
MULTIPLE LIGHT SOURCES,
CONSTANT TEMPERATURE SYSTEM,
AUTOMATIC SCANNING, MANY ACCESSORIES.

~~.. . . . .:..~ .. :,.,

CIRClE 241 I ON READER SERVICE CIoRO

ULTRA-VIOLET PRODUCTS, INC. []0'
Sl00Walnuil~A.,.,..,..s.nGKlr"'.CA'I778USA~

New. , , from the re>emt:h labs at UVP.

.......
co, ..... lip

CIRCLE 216 ON READER SERVICE CARD
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SEND FOR DESCRIPTIVE
COLOR BROCHURE NOWI

Archaeological
Chemistry II
AdVances ,n Chemlstry Senes No. 171

Giles F. Carter. Editor
Eas/ern Mlchigen University

A symposium sponsored by /he
DIvIsion of/he His/ory of Chemistry
of/he American ChemIcal Society.

Beau',fully Mluslraled "'Ill 15 ccIor plates
and Pflnled on ~uah1y enameled
slOCl<. 'hos book togNoghl5 'he great
strides that have been made N'\ under·
Sland'"9 .he ",ogon and dos,"bllbOn 01
archaeologocaJ speomens composed 01
ponery. glass. me'al. bone. and pitch.
lh'ough the unfolding of new and
Impt'OVed anatybcal lechl"*:lue5.

Empha~s 1$ on the hlStoncaJ knowiedge
den.ed !rom .he d1emocal analysts and
mveshgabOn 01 vanous artifacts WlCWog
Soulh Amencan ely.... Egypban glass.
anoenl: Near Eastern rYOfY. Sparvsh
ceram.cs. Ctunese bronzes. pretutonc
Ame<ocan coppe<. and CCllP81'based
Roman COins

SIS/American Chemical Society
1155 16.h 51.. N.WJWash.. D.C. 20036
PteaM~ u. IDIDMng •

Nt~"CMtn, Nt~"o... II
eACH Q2'I·') $2'1 00 .. lACH03II1.()j$.4600 ..

QIedl enc*JMd tof ,_ 8lI me
~IftUS II'Gc:.n.o.pM71C ...
~~....~" t&I.

~------_._- . ----­
",~, --- ----- ----~
£"!__ • __._.. 6~_Z!'_. __

Solve JOUr materials problems by

Surface Area
PoreVolume. Size
or Chemisorption

Mo/e R&D and ac labs worldwide use industry proven
Micromeritics instruments to measure physical properties of
materials than those of any other manufacturer.

Micromeritics instruments reliably measure specific surface
areas from 0.001 m2/g up. determine pore volume and pore
size from 600 to 20A diameter. and do chemisorption studies
to determine catalyst activity. Both manual and automatic
instruments are available.

Micromeritics instruments use1he classic. VOlumetric. gas
adsorption (B.E.T.) technique employing a wide variety of
adsorbates including argon. krypton. water vapor. nitrogen.
or any non·corrosive gas.

For more information. contact Micromeritics Instrument Corp.
5680 Goshen Springs Road. Norcross. Georgia 30093 U.S.A.
(404) 448·8282 TELEX: 70-7450.

[!!ifmicromeritics~
CUICLE 135 ON 2EAOU SfiVlCE OiO

~ISCOSITY!,
1 • .1I.!

Automated Measuring Saves Lab Tillie.
" you measure VISCOSity wIth the capillary method. there's a SCHOn AVS
System tor you. If you don't. maybe YOu should.
The fully automated AVSJPA Will test up to 30 different samples without operator
supervisIon. Select the program and let It go! Variable program capabUlUes
Include: number at rinses, number ot repeat measurements.. test temperature,
sample temperature condilloning oenOd. SuCtion rates and mote.
Standard-temperatures up to 1SOl e; High Temperature-up to 22C)tC. Me.surlng
accuracy 0.1 % With a range up to JOJX)OcSt.
Semt·Automated models also available. BUilding block. concept allows expansion
hom baSIC unit to lully automated unit.

:::~: SCHOTT
.. NN"QlAS .I:"",,"QlAS\\'tJlIoi.SO()lt&(;£N NC.

11 EAST 26TH STREET. NEW YORK. N.Y. 10010/(212) 679-8535

(1ItCLE 189 ON READER 5ERVlCf CARO
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Dwel andJ.-P. Taran, Coherent Anti-Stokes Raman Spec­
lroscoPY. T. F. Geofge el al.. Theory 01 Molecular Rate
Processes in the Presence of Inlense Laser Radialion.
R. L. Woodin ct al.. Mulliphoton Dissociation of Gas Phase
Ions USing Low Intensity cw Laser Radiation. J. E. Hearst,
Photochemical Fixation of the Nucleic Acid Double Helix
Utilizing Psoralens.
1979, about 403 pp., in preparation ISBN: 0·12·505404·1

Syslem, Inlerface DeVIces and Auxiliary Circuits. An
ExerCise Design For A Microprocessor Automated In­
sHumcnt System.
7979.522.50 ISBN: 0·12·063750·6

ChemiCal and Biochemical Applications of Lasers, Vol. 4
EdIted by C. BRADLEY MOORE
CONTENTS: A. Andreoni et al., Structural Studies 01 Bio­
logical Molecules Via Laser·induced Fluorescence: Acri­
dine-DNA Complexes. B. E. Kohler. Slle Selecllon Spec­
troscopy, R. Mathies. Biological Applications of Reso­
nance Raman Spectroscopy In the Visible anu Ultraviolet"
Visual Pigments, Purple Membrane, and Nut;ICIC Acids.
R. P. Van Duyne. Laser Excitation of Raman Scatlering
From Adsorbed Molecules on Electrode Sur/aces. S.

Simplified Digital Automation with Microprocessors
By JAMES T. ARNOLD .
CONTENTS: Automalion, an IntroductIOn. The DIgital
Approach To Information and Processes. Elementary Digl­
lal Logic. Introduction To Marc Complex CirCUIts, The
Arithmetic Logic Unit The Microprocessor. r..hcropro­
cessor Operating Systems. Compleling the Automated

Additives for Plastics
EdIted by ~AYMOND B. SEYMOUR

FROM THE PREFACE: This two volume treatise was pre·
pared by experts in the field to supply baSIC information
01 two sorts. The first volume consists or chapters to
prOVide Ihe fundamentals behind Ihe subject. Each chap­
ter In Volume 2 represents an expanded repor! of one
of the presentations at the first Additives lor Plastics
Symposium sponsored by the Organic Coallngs and
Plastics Division 01 the American Chemical SocIety which
was held al its National Meeting at Anaheim. Callfornin
In April 1977 ..Chapters on specifIC addltl ....es were vmllen
by authors selected for their expefllse In each phase 01
additi ....e lechnology. The use of diflerent types 01 coup­
ling agents for fillers and plasticizers arc discussed bl
researchers in these phases of plastic technology. Siabl­
Iizers lor weather. fungal, heat resIstance and resistance
to ultraviolet radiation arc also elucidated Colorants
which arc most important esthetically are deSCribed. The
stale of lhe art reports published in Volume 1 and the
research oriented reports published 10 Volume 2 arc 01
vllal inlcrcst to those who arc. closely associated With the
plashcs industry. Since additives are essential ingredlenls
of almost all plastiCS, the Inlormatlon presented in these
reports should be of inleresl 10 all who are concerned
with the design. fabrication. and usc of plastiCS.
VOLUME I/STATE OF THE ART
CONTENTS: R. D. Seymour, Nonreinforcing Fillers for
Plastics. M. P. Wagner, Nalural and Synthetic Silicas in

Plaslics. P. Hamed and A. Y. Coran. Reinforcement of
Polymers through Short Cellulose Fibers. J. H. Kietzman,
Asbesllform FIllers. J. V. M,lcwskl, Whiskers and Micro­
fibers. E P, P{v(;ddemann. Silane Coupling Agents. S. J.
Monte ami G, Sugerman. NonSllane Coupli:'lg Agents. R.
D. $cymolif, Nonlilicr Addltl ....es lor Plastics. R. D. Deanin,
Plasticizers E. L. Cadmus. Biocldes. W. S. Castor, Jr.
and J. A. Manassa. Opllcal and Olher Effects 01 While
PICJrnents in PlastiCS. E, L. Wcmbcfg. Heat Stabilizers.
R. P. Lcvck, Flame I1ct,Hdant Addili ....es for Plastics.
1978.288 pp .. 51750 ISBN. 0·72·637507·1
VOLUME 2INEW DEVELOPMENTS
CONTENTS: n. a. Sc}'mour. Advanccs in Fillers for Plas­
tiCS. J. V. MliCI','!;k,. Thc SCience and Potentials of Micro­
packmg. H S. Keul <Jnd L. Ellfeflfeich, Glass Fillers. M. P.
Wdgncr anei M. 0 Fettclfnafl. Silica-Filled Ethylene-Vinyl
Acetate RCSlllS n D. DCdrnn. Recenl Ad ....ances In Plasti­
cizers. E. P. P,'ueddcma(JfI and G. L. Stalk. Effect of Addi­
ll ....es on VI5COS.ty 01 F,lled Resins.S. J. Montc and G.
Sl1fllJllTIiH1 NOllsllane Coupling Agents in Thermoplastics.
C. E. Carraher. Jr. el al .Electrical. Sol....ent. Thermal. and
rungal Propcllies of Organolin-ContaHling Poly (Ethyl­
enelmlne). J. A. Manassa and W. S. Castor, Jf., Stabiliza­
tion 01 Polylelins lor Weather ReSistance. R. J. Pierot/i, J,.
ami R. D. DeafllrJ. Ultra.... lolet Stabilization 01 High-Impact
POlystyrene V. J MUlleauil. Colorants lor Plastics.
t978. t37 pp 5950 ISBN 0·t2·637502·X

Liquid Chromatographic Analysis
of Foods and Beverages, Vol. 1
Edilcd by GEORGE CHARALIIMBOUS
Pfoceedings 01 a symposium ofganized by (he Agficultural and Fooo ClJcmislfV DIVISIOn's Ffavof Subdivrsion
(Amelican Ctlemlcal Society) on the occasion 01 the Jomt ACS/Chcnllcaf Soclcty 01 JapiJn C/JCnJtCJI Congress,
l1onotulu, Hawaii. April 1-6, 1979.
Modern liqUid chromatography (HPLC) has progressed 5110..... s tlOW and wily HPLC IS now the method of choice
o....er the past decade from a quasi-probalionary status lor lhe separallon, quantltatl ....e determination, and identi-
to a fullllcdged analytical method wllh particular relc- Ilcalion (allen coupled With mass spectromelry) of both
....ance to the load and beverage field. It is a method n<:Hurally-occurring and synlllctic compounds 01 low .... ola-
that allen complements and somelimes supersedes gas tllily. Liquid Chlomafogfaphrc Analysis 01 Foods and
chromatography. BevUlilfjeS WIll benefit agncultUlal and load chemists,

This book presents an update of practical and theoretical load sClentlsls and technologists. packing and quality
aspects of high performance liquid chromatography control spE1Clal1sls. Ila ....orisls and fragrance manufac-
(HPLC) providing contrlbulions Irom industrial and aca- lurers and ad ....anced students in these and related fields.
demic experts Irom tho United States and abload. II 1979. 420 pp.. In PfCPllf"tlon ISBN: 0- 12·169001·6

Send payment wilh order and save postage and handling charge. P,icos are suu/CC! 10 c!lange without notice.

ACADEMIC PRESS, INC.
A Subsidrary at HarCouf/ Blilce Jovanovic/J. Publis/1Cr$

·111 FIFTH AVENUE. NEW YORK. N.Y. 10003
24·28 OVAL ROAD. LONDON NWl lOX

CIRCLE 3 ON READER SERVICE CARD
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Laser and
Coherence
Spectroscopy
&llIcd ~,.Ic(n'('yJ. Stcl"rl..... ll1

Laser and Coherence Spectroscopy.
J. I. Steinfeld, Ed. xv + 530 pages. Ple­
num Publishing Corp., 227 West 17th
St., New York, N.Y. 10011. 1978. $45

1I",.'i"/I'ed by J. M. fiarris. Dept. /If
C/,emi...·lry, University of Utah, Salt
I,al, .. City, Utah IJ-I J12

The introduction uf the laser to the
field of infmced and optical spectrus­
(:op~: has had a sil!nificant influence
lin new directions in chemical analysis.
~·tost analyli('al applications tlf th~
laser have, huwever. exploited only the
high power per unit bandwidth and
~palial coherence of the suurce to
achirve lower detectiun limit.s and
hi~hcr spectral resolution. This htKJk
cunsiders an area of laser speel roS('f)·
p~'. which has ~ellerully been O\"ec­
looked h~1 analytical chemists, where
the combined spatial and tcmporal co­
hercnce of laser radiation make!; pos­
sihle the coherent excitation of atomic
and molecular energy slates. Such ex­
<.:itatioll ~ives rise to optical analogues
of familiar phenomena in mu~netic

resonance spcctroscopy, such as dUll'

hIe resonance. nut..at.ion. free induction
decuys, and echoes. Although the ub­
servation uf these events is usually
nlllfined tu Imv·pressur£> gases or 'Iow­
temperalure sui ids where the time
scale ror dephasing collisions or ther­
mulizatitln can he lung cumpared to
Ihe period of the Hahi frequency, the
additional information ubtained on
the dynamics of spectroscopic transi·
tions. excited state relaxation. and
spectral assignments will undoubtedly
~cncrnteconsiderable interest am(ln~
unulytical spectroscupists.

In the first chapter, ,J. I. Steinfeld
llml P. L. Houstun discuss duuhle-res·
IIIHlI1ce spectroscupy, where une radia­
I ion field prolJes the interJlul state dis­
tribulion of an ahsurhing: system

which has heen perturhed hy a !=iecond
intense radiation field. A bruad review
covering: microwave. infrared, and op­
tieul pumping with detection hy mi­
erowm'c, infrilred. or optical prohing:
is prc5ent.cd. Opt ically detected mi­
crowave and infrared douhle resu­
nance, in particular, arc methuds
which. have unique promise since they
combine the selectivity and high reso­
lution of rotational and vibrational
spectroscupy with the sensitivity of
laser-induced nuorescence. A well­
written section un instrumentat.ion in
I his chapter coverin~ radiatiun
sources, signal detectiun, and en­
hancement serves as hackground for
t he entire volume. T. C. Schmalz and
\V. H. Flygare. in the second chapter.
c:unsider coherent transients in the
micruwHve reJ:!ion which have led to
the recent development uf a Fuurier
transfurm microwave spectrometer.
This approach eliminates power
Ilroadening: while providing: higher
scnsiti\'ity and hi~herStark voltages
fur transitiuns with small dipole mo­
mcnts compared with continuous
wave methods. Chapter~,hy H. L.
Shoemaker. CUV{"fS coherent transients
in nlOlecular vihraliunaltransitiuns
through a clear discussion of free in­
ductiun decay and echoes. C. B. Harris
alld \\". G. Breiland. in Chapler 4, dis·
cuss coherent phenomena in electroni­
cally excited states. with a particular
(·mphasis un the study tlf zero-field
spin suhlevels of excited triplet stales.
The final chapter, hy F. A. NO\'ak, J.
M. ~·riedman. and H. M. Hochstrasser.
cuncerns coherent and time·depen.
dent effecls on resonant light scalter­
ing: by molecules. The relationships
hetween resonance Haman scattering
and resonance lluorescence are con·
sidered in detail.

Overall. this \'olume is well \\'riuen
with II balanced presentation of theo·
ry. experimentnl detail. and results.
Current literature is cited thruuJ{h
1976. Much of the theorelicalmaterial
is repeated in Chaplers 2-4, which
would have been more effecti\'ely cun·
~oliduted into an intruductory chap­
ter. Thl' tubular presentlltiull hI' duu­
hie re~llnance results in Chapter L is
a useful format which wus disappoint.­
in~ly l1ut used in other chnpters. Gen·
erally. anal)'t icnll'ipl'ct rtls('opists
should find this hook a helpful revicw
01" cO!ll'renl cXl·ilatioll phenomcllil

Books

and, perhaps, a source of ideas for new
aJ)prcluches ttl spectroscopy.

computers In Mass Spectrometry. J.
R. ·Chapman. x + 265 pages. Academic
Press, Inc., 111 Fifth Ave., New York,
N.Y. 10003. 1978. $9.80

Reviewed by D. H. Smith, Analytical
Chemistry Divisian, Oak Ridge Na­
tional Labvratory, Oak Ridge, Tenn.
:J7B:JO

This is an excellent book. The
layout is logically conceivcd, and each
tupic in turn is lucidly and concisely
descrihed by the author. The intent
of the book is to covcr all applications
Ill" cumputers to mass spectrometry
frum the software point of view. Com- ­
puter pro~ramsare described in some
depth, hut nll3ttempt is made to
l'over the details of electronic interf3c­
in~. The hook is written with the spe­
cialist in mind, but can be read with
advant.agc hy any scientist concerned
with data taking and processing.

The heart /If the hook concerns ac­
lIuisition and processinJ{ of organic
mass spectral data, for it is here that
computers pay the biggest divideods
to the analyst, both in terms uf time
s.a\'il1~ and in terms uf retrieval of in­
formation that would be impossible
tu ohtain othen\'ise. Each major ap·
proach to data processing (library
search. pattcrn recognition, and spec­
trum interpretation) is described in
f'n()u~h detail to give the reader a real
I"£.'£'I for the problems involved and an
ap!Jr<·ciatiun of the ingenuity required
to soh'c them.

Thl' problems of spark source mass
spCl·trumetry are well covered in short
sl·t.'tion~ in relevant chapters. An in­
twdul"tion to quantification of ma~
~pc(·tral data (or~anic and spark
sOlln'e) comprises the final chapter uf
the huuk.

Of particular value are the sum:
maries ut the end of each chapter,
",hidl are helpful to the nonexpert in
plarin~ its contents in context. FiJ{ures
and tuules arc well chosen. References
are thurtlug-h and are all excellent
~\Iid(' Itl further reading: on &lny tupit'
i:O\'\'rl,d in t Ill' hook.

There are. nuturnllv. a few nits tu
pil·k. USC' of ncronym~,not infrequent­
ly Iwforc they are dt'fined. is rampant
unci on:llsionully lends tu such visually
amlliguulls l'tlmhil1utilln~as MSs
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E. M. Chnmut and C. W. Masun-pro­
fessor emeritus, Curnell University,
is; a reprint of the revised 1940 edition.
As a classic text it is a valuable source
uf information fur any s;tudent of mi­
croscopy. Of particular interest, espe·
cially fllr the novice in microscupy, nre
chapters I,ll, and XIII, that deal with
~encral suhjects su('h a~ "Manipula­
tive Methods," "Methods uf Applying
Reagents:' unci "Sampling and Physi­
cui Examination." Both the study and
practice of these techniques will with­
out any doubt he hcneficialto any mi­
croscopist.

Chapters Ill-XII deal wilh the ac·
tualchemknl analvses-the detection
of catiuns und alli~ns-and represent
n thorough trt'atise of c1assicul micro­
scopical chemical analyses ami indeed
provide a handy reference and ~uide

for t.he interested user. The terminnlo·
goy used tn descrihe the rem:tion prod­
Ul·ts is lucid. and the rcspedive micro­
graphs me excellent illustrations of
the murpholog-y of correslJOliding com­
pounds. III short t he didactics (If lhe
honk are o.lItstalldill~.

The classical methods descrihed are
still of grent vnlue, espcdally when ap­
plied to the detel'tiun of light. clements
such as Li and He. However. this re·
viewer is difoinppointed that the
prescnteditiun has not heen re\'ised
to include signilkant lIew dC\'elop­
mcnt.s und advances in chemical mi­
(:roscnpy that hav(' taken place during
Ihe past 20 yt-urs. Particularly missed
is a discu5\!\ion of tedmiqul's such as
scanning t~lcl'lrol1 micro!\copy in com­
hination \\'ith uoth X·my lluorescencc
allillysi~ and sccondary fon mass spec­
trometry, scanning: transmission elec­
tron mit'roscopy including electron en­
ergy spcclrosl·opy. and scanning auger
spectroscopy. because these tech­
niques offer not unly identification
hllt al!\ll direct imaginK uf low and
high atomic numher elements. A text
witlu)ut adequate treatment ()f t.hese
IllNhods can unfurtunately nut he
(,ul1sidered up-to.date. This reviewer
hopes that uny folluwing edit.ion will
he dUlnlcterized by the inclusion of
these nev.' developments.

This hook cunstitutes a hrief intro­
ductiun to pollution evaluation and
un introduction to the principles of

Pollution Evaluation: The Ouantltatlve
Aspects. W. F. Pickering. v + 199
pages. Marcel Dekker Inc.• 270 Madi­
son Ave., New York, N.Y_ 10016. 1977.
$16.50
R('v;('w(·d by U. K. Skll(.II.... EPA. En­
"i,mwwltlol Sdl'IIl'(·... fl(~ ...('a'(·h Labo·
ralu,y. Ue:wClrl"l, 1',iCJIIJ.:!t· Purh. N.C.
:177//

Rel,iewed br A. C. Il(·jmschue.'t~el, AL­
lied Chemi~alCorp.• Bux 1021 R.
Morrislown, N.J. 07960

The "Handhook of Chemical Mi­
crost:upy:' :!nrl ed.. Vol. :! hy t he late

Model No. 80-600

Handbook 01 Chemical Microscopy.
2nd ed., Vol. 2, Chemical Methods and
Inorganic OuanUtallve Analysis. E. M.
Chamot and C. W. Mason, xi + 438
pages. John Wiley & Sons, Inc., 605
Third Ave.• New York. N.Y. 10016.
1940. $27.50

Olhcr dClcclors, colullllls and a\'cc!lsorics
arc u\'uilahlc. In additiun. cach unil ship·
ped comes wilh a useful huok. Elemenl:lr)'
Theor)' uf Liquid Chrolllalu~raph)· wilh
Bihliograph)' and Experimenls. Ftlr furlher
infnrmalion. inquire.

The 80·600 has a 10 micron Silica Gel
column llnd a 254 nm. low \'olume (M ~I)

UV deleclor. 53245.

~
GOW-MAC INSTRUMENT CO.

P.O. Box 32, Bound Brook, NJ OB805
Telephone: 201/560·0600

Shannon Free Airport. Co. Clare, Ireland
Telephone: 61632 Telex: 6254

Both LC units employ rugged. modular
GOW-MAC design for reliable opcnllion.
The basic ModeI80-500 offers pulseless
solvenl delivery with li conslant pressure
pump (300 ml capacit), 10 1000 psi). a
modular design for uniform manual injec·
tions, column holder. complete with 20
micron Silica Gel column. and reliable 254
nm. low volume (8 ILl) UV deleclor. Only
$1750.

The high-performance Model 80-600
offers acontinuous solvent delivery system
wilh conSlant \'olume. \'ariable flow-rah:s
from 0.5 cm3 min- l -5 cm:lmin· ' wilhalow
dead volume damping system, Pressures
go lo3000psLFor highl)' reproducible in­
jections.1I six-pori mlnry valve. modularly
designed into column and deleetor sy~lcm.

andboIh priced pKI
enough for anybOdy

(moss spectrometers). Use of commas
is erratic, causinJ{ this rcader tu reo
read numerous ~enlences.Terms in
equDtions could cK:casionally be bettcr
derined.

These are unimportant in li~ht ,clf
the uverall quality uf the houk. 11 ful­
fills a worthwhile funct.ion in hringing
lOl{cthcr descriptions of the principal
applications of computers to mass
spectrometry. As such, it hcl(ll1gS in
th~ library of any scientist even'pe­
ripherally involved in the area.

512 A • ANAlYTICAl Ct£MISTRY. VOl. 51. NO.4. APRIL 1979



, CREAT ,MEWS, FOR ALL
, MMR USERS!

Just Published!
Handbook of

NMR SPECTRAL
PARAMETERS

W. Brugel

AN EXHAUSTIVE COLLECTION OF PROTON NMR SPECTRAL DATA RELATED
TO CHEMICAL STRUCTURES, COVERING ALL THE MAJOR CHEMICAL CLASSES

*
Unique classification system lists 7,500 selected compounds and enables you to relate
the data to hundreds of thousands more

*
Ideal for: Rapid elucidation of the structure of a compound from NM R data; Finding
comparative values easily and quickly, in contrast to reference spectra; Simplifying
the investigation and formulation of new compounds*Eliminates costly and time-consuming mathematical analysis; Cuts out tedious literature
searches by giving over 1,800 references

ISBN 085501 170 X (3 volume set) 1016pp Casebound Price: $280.00

FULLY DESCRIPTIVE ILLUSTRATED BROCHURE AVAILABLE

TELEPHONE, TELEX OR WRITE NOW TO

HEYDEN & SON INC., 247 South 41st Street, Philadelphia, PA 19104
Tel.: (215)3826673 Telex: 831·769
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-!~

.'-purified to the exacting requirements of
gas chromatography, liquid chromatography
and spectrophotometric analysis.

The symbol of excellence since 1959

IV:'i \\{
Distilled in Glass· ~'{,!.\\

~J

Residue-Free Solvents
from Burdick & Jackson

cuss pollution evaluation mel hods as
well as the eJl\'ironmental factors to
I)e considered. The c\'en·numbered
chnpters discuss the fundamental
principles of the nnalyticoltechniques
referred to in the preccdinl( chapter
Oil evaluation.

The ullulyticni topiC' arc treated
with differing degrees of emphasis and
dctnil. The sections on the principles
underlyin~gravimetry und tilrimetry
(redox und acid-huse), nlthough con·
cisco nre quite inclusive of fundamen­
tals und nre profitable reading. The
descriptions of speclroscopy, gas chro­
matography, HPLC, nnd aClivaliun
unalysis. by comparison, nrc less ex­
tensive in scope. Those readers, whu
will wanl 10 explore Ihese topil'S fur­
ther, will nut find a list of suggesled
reading materiol allhe close of this
chapter. The reviewer assumes Ihat
additional information Ion these
subjects) may be g:leaned from the
texts listed in the final ('hupter of lhe
book.

Other serviceahle techniques for
pollulion studies arc introduced in the
(odd numbered) chapters 011 uir and
wnter. The methods descrihed nre IH
spectroscopy, atomic absorption (und
name emission), pulurog:raphy, unodic
stripping \'ultammetry, coulometric
mel hods, potentiumetric methnds
with ion-selective elN,trudl's, and cui­
orimetrk methcKls. These chapters
fuifilllheir prime purpuse in dis­
cussing the methudoloKY of JJolluliun
sludies, planning: and exel"ution und
are finished uffwilh rending lists.

The hook is larg:ely free (If typo­
graphical errors indicaling that il hus
heen pnH)fread with some care, A few
errors, which affect the sense of the
text, are noted helow: On puge 13M. in
the paragraph descrihing self-nusorp­
tion uf emitted rodiution, the fol­
luwing: stal.tmenl uppeurs: "At uny
time the numher uf ntoms in the
ground state (Nul grently exceeds the
number of excited stolt·s, and as the
total concenlratiun inacases, the
probability of emiued radiation meet­
in~ luwN energy aloms hefore enter·
ing the dispersion system is murkedly
increased. Tlw ~ruul1d stute alums ub­
sorb characleristk emissiun , , , ." The
intended sense uf this statement is
sumehow lhwuned.

Additionally, in Ihe listing: of cum­
ponents of d/.:urelte ~Hnuke UII pa~e f),I,
"benzlIpyrin" would reud mure fami·
larily H~ hen1.opyr(.llle. The Iisling: of
anotluH comp"llcnl us "buludiunc"
creatc~ un nmIJi/.{uity. Did the uuthor
intend hu(udi~ncor hutulledionc (di­
ucclyl)?

In lhe course of diKcus."IiuJI!; of spec·
twscopy, lhe i1uthur employs the

pages plus an index of 10 pages. The
exposition is therefore understandably
brief but is supplemented by bibliog­
raphies with which 10 fulfill the read­
er's interests and needs.

The publisher claims Ihat the book
is unique in that it combines pullutiun
evaluation methods and tlte basics of
sUI>porting annlyticaltcchniques in
une \'ulume. To accomplish this dual
theme. the author presents alternate
subject material in su('cessi\,e chOI)­
lers. The odd-numhered chaptNs dis-

Iso-hexanes
Methanol
2-Methoxyethanol
Methylene Chloride
Methyl Elhyl Ketone
Methyl Isoamyl Ketone
Methyl Isobutyl Ketone
N-Methylpyrrolidone
Nonana
Pentane
Petroleum Ether, 30-60·
beta-Phenethylamine
Propanol-1
Propanol-2
Propylene Carbonate
Pyridine
Tetrahydrofuran
Tetramethyl Urea
Toluene
Trichloroethylene
1,1,2-Trichloro-

1,2,2-Trifluoroethane
2,2,4-Trimethylpenlane, 99-100·
o-Xylene

.\sk lor Bullel,n BJ·2~ US Agen"es use F.S S

Acetone
Acetonitrile
Benzene
Butanol-1
Butanol-2
n-Butyl Acetate
Butyl Chloride
Carbon Tetrachloride
Chlorobenzene
Chloroform
Cyclohexane
Cyclopentane
o-Dichlorobenzene
Dimethyl Acetamide
Dimethyl Formamide
Dimethyl Sulfoxide
Dioxane
2-Ethoxyethanol
Ethyl Acetate
Ethylene Dichloride
Ethyl Ether
Heptane, 98-99"
Hexadecane
Hexane, 68-69·
Isobutyl Alcohol

chemical analysis and statistics that
ore useful in ~clh'ities of this kind. In­
cluded are chapters on the evaluation
of land, water, and air pollution. The
initial chapter treats the legal aspects
to be considered in the coorse of plan­
ning a sampling program and the va­
lidity of data to be derived. The final
chapter covers preconcentration (to
improve sensitivity), masking (for in­
terferences), and the selection of suit­
able methods. In all, a large subject
is dealt with rather compactly in 188
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Pye Unicam Ltd
York Street Cambridge England CB12PX
Telephone (0223) 58866 Telex 817331
P,(nled In Engllnd 70&1.05.3011.11

oDouble beam scanning
OHigh performance
oSynchroscan recording principle
o Flexible. modular design
oVast accessory range
TheSPll-l00 has rapidly established ilseIfas a lruly.....tile
lNMsibiescanningspectropho_wilhverysimple
operation. As pari 01 ourpolicyol continuous product
improverl*l\ it is now offered wilh higher guaranteed
porfonnanceand the SP8·150 is added 10 the range wilh an
extended waveIeng1h range and ww. betterspecification.
Circle No. 111

SP8-100 and SP8-150

A wrangeofUVMsible ~
Spectrophotometers ~

.r'l::.rl;"rl"­
~""...,.;~w.

PyeUnicamhavemanyspectJoscopic'filsts'lll OurcompIele range now benelitsfrom the "b~""01''''''''''
theircreditand now_introducetwo more incnllllllld perfonnanceof mater. bIlIZed ~
technologicalbl8lkllvoughs,piclr--ooinourown hoIogrllJlhlcgratingsandthedurability ~
laboratories. oonferred byslicllCCllItlIdopticL .'O~

~
SP6Ser1es
o IrnprIMld porfonnance
oIfllIlIOII'Id a>nslJUCtion
0195 or 325-1 OOOnm
0_or digital display
OColour-coded controls
oAulom8tic driII .....lI1mllll"""oenslS88ttiOoio·<In
This highly popular l8f1g8olsirlgIe_ opectropho1omel is
nowl1ll8unchedwilhllllljor~inpelfonnara.

leetures """COI1SIJUCliolI.TheSP6 isavailableasfourlow-cosl
modelswilhchoiceolvisibleorlN/lIisibI8 rangesand"-0'
digital dilIpIaj< Simplicityol design andcolour-coded controls
IIlIowtheinslrur-*lObeusedwilhlll.-landpnDsionww.
bv b_iellC8doperatorLTheirpmvenhigh reliabilityand
rugged COf1IlrUcliolIrnaluttheSP6theperfect 'workhonle'
instrumenlforany~asthausandsolll8tisfied
opera1DISaroundthewortdcanlllStif"t' Circle No. 110

SP8-200 and SP8-250
OR-.:hporfonnance
oSingleordouble mllI1llChromalD
o MiClopllx:e""", oonlroI
o ICeyboerd oporatioI1
OComplela _oonlroI flIciIities
0185-950rvn range
WIW1theSPll-200 _amounced. _challenged that its
peIfonnancaoould only belignificanllybettered bydouble
mllI1llChromalDi_Thafsslill true, butwilhthe
inlroduclion oltheSPll-250and itsdouble, master holographic
~then(snoneedlOlook~thePyeUnicam

IIIl1lJllfortheultimateinlowlltraylight...... 80lhinstruments
'-the full rangeolliitwidlhl,scan~chart expansions
andotherfacilitieeexpectedol-.chpeIfonnance
IP8ClJOp/loIDmeCircle No. 112
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AUTOMATIC CHEMISTRY

Pointers to
betterwateranalysis

The items below symbolise a major step
forward in automatic water analysis.

They are part of Pye Uniearn's ACe Water
Analysis System which is like no other
because it works on a discrete rather than a
continuous ftow principle. Take a look at
some of the points in its favour.

1 ACe results emerge directly in concentration
at the rale of 2401hr. -faster than continuous
flow systems. even in three channel form.

2 Choice of Aowcells makes analytical
ranges more flexible.

3 Numbered and coded racks guarantee
positive sample identlhcahOn. At anyone
time 100 samples can be loaded mID the
ACe and the system genuinely lelt to get on
with its job.

4 Exclusive'VoluKey' SYringe programming
gives analysis changeover times 01 less than
five mmutes.

5 Pye Unicam method sheets demonstrate
the unparalleled f1e)ubihty of the system­
and its simplicity of operatIOn.

6/8 Separate test tube and disposable

sample cup lor each sample solullon keeps
cross contammatlon 10 a minimum.

7 VariOus sizes 01 sample and disposable
reagent sYringes ensure a wider analytical
range and Impro....ed precISion compared
with penstaille systems

9 The complete AC6 Water Analysis System
-Quite simply. It ofters Increased performance
and ....ersatility at lower cost

For our brochure wnte, 'phone or use the
reader reply service card today.

®

®

:;=-----0)

PyeUnicam
A SCIENTIFIC INSTRUMENT COMPANY OF PHILIPS

York Street Cambridge CBI 2PX England
Telephone (0223) 58866 Telex 817331
CIRCLE 98 ON READER SERVICE CARD
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ATOMIC ABSORPTION SPECTROPHOTOMETRY

Aren't you gladyou waited
before buyingyour newAA?

Because the new System SP9 now
offers you so much more.

Flame or f1ameless. System SP9 has
the microprocessor power and
fleXibility to solve your AA problems

System SP9 has
Computer Data Handling
to give
.Calibratlon With up to 5 standards.
• Precision calculations and Running

Mean.
• Peak height or peak area.

System SP9 has a unique
Video Furnace Programmer
prOViding
• Display of set parameters and status.
• EAROM storage of 10 furnace

programs
• Temperature or Voltage control.

CIRCtE 99 ON READER $ERIIIC'E CARD

And System SP9 has
automation
via the worlds most flexible flame and
flameless autosamplers.

Now youve no need 10 wail any
longer. Wflle. 'phone or use the reader
reply servIce for further informarion
on System SP9.the most COSI
effectIve AA system avaIlable.

PyeUnicam
A SCIENTIFtC INSTRUMENT COMPANY Of PHt\.1PS

York Street Cambridge CB12PX England
Telephone (02,3) 56666 Telex817331
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Ane~level

inHPLC
sophistication
and silDplicit)'.



Iffifmicromeritics@

Also available as components.
Buy what you need now, and
add more as you need it.

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.

Micromeritics proudly introduces its new
7500 microcomputer-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 isocratic 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
reliable low pressure solvent blending; a
precision heated column compartment for
faster more stable analysis; a new
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Listen world . ..
it's time to clean up your act

l1030IL

Oq<Su,.. Zlp, _

AIow 60 days (rT)'CU' rna copy to be p..c WI rhe mat

0M;S M«nbet r.... tor peJ:IC)NlllM onty.

r---------------------------,I Environmental Science & Technology, American Chemical Society 1979
I IISS Sixteenth Street, N.W., Washinlton, D. C. 20036

I YES. Iwant to keep up-to.date on the hard fxu of environmenuJ clean-up. Please enter my wbscripdon
I to ENVIRONMENTAL SCIENa & TECHNOLOGY .. follows: U.s. F""f"

I 'Ac5 Member subscription. I·r.... 0 $ 16.00 0 $22.00
I Non-member subscription. I·r.... 0 $2~.00 0 $30.00
I Institution. Companr or Ubrary ,ulncription. I·re'" 0 $6~.00 0 $70.00

~ specify: 0 I-brd copy. or 0 MicrofIChe Toll Free: New Orden: 800-6)8·1000
I 0 Payment enclosed. 0 8il1 me. 0 Bill company. Md. only )01-949·1551I NMM r... _

I ~Hom&--------------------I Addr... O ......... _

I
I
1



[ffij "micromeritics'

SolvebIr
Materials Problems
~ore R&D and OC labs use 6~ 4 Me,cury poroslmetry
.... icromerllics proven, precision S measures pore
nstruments to measure physical structure (volume. size and
1fopertles 01 malerial than those shape) from 354 to O.OO35,..m
)f any other manufacturer in the world. These diameter; density, surface area and average particle size.
measurements include: 5 M.nu.'lnd autom.tlc denalty determines absolute

1 Automatic particle Ilze distribution gives rapid volume to ::t O.02cc.
analysis from 100 to O.llJm diameter and 6 Eleelorophoretlc m•••·tr.n.port.naly.l. to study
500 10 381Jm diameter. flocculation and dispersion; particle·IiQuid

2 Manual and automatic phyalc.'ldlorpllon systems behavior; zeta potential.
for B.E.T. surface area from O.OOlmllg up: We also invite you to use our complete Materials

adsorption and desorption isotherms: pore Analysis Laboratory services. Let us show you how
structure (volume, size and shapel from 600 to to solve your material problems. Call or write
20ft. diameter. Micromeritics Instrument Corporation, 5680 Goshen

3 Manual and automatic chemisorption measures Springs Road. Norcross. Georgia 30093. U.S.A.
active material availability: percent metal (404) 448-8282. Telex: 70.7450.

dispersion.
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CHEMTECH
American Chemical Society
1155 Sixteenth Street. N.W.
Washington, D. C. 20036

YES, please enter my one-year subscription to CHEMTECH as indicated:

U. S. Foreign"
ACS Member' 0 S17.00 0 Sl1.00
Nonmember, personal 0 525.00 0 529.00
Institution 0 585.00 0 589.00
Students 0 S 8.50 0 SU.50

o Payment enclosed. (Payable to American Chemical Society)
o Bill me. 0 Bill company.

---------------------------------,
I
I
I
I
I
I
I
I
I

CHEMTECH

City. Stlite. Zip_-;- -,- _

'MPmb., '.tt'f .rr for pr"on4J us. only.
"Pilymrnt muH br mild. In U.S. currrncy by Intrrn.tion.1 mon,.y ord.r. UNESCO coupons.
U.S. b.nk dr. If Of ord., through your book dul~r. OO]4l

Created for the chemist who tackles life with a zest for solving
problems and achieving results, CHEMTECH is a lively monthly
publication with a brisk style and a down-to-earth approach.

You'll find it is written, not by staff writers, but by "shirt-sleeve" plant
people, researchers, company heads, professors, economists, and
scientists in many disciplines. CHEMTECH is edited from the
perspective of the practitioner.

Consider some of the varied disciplines and topics it covers:
agriculture, analysis, biology, business, catalysis, chemical science,
energy, engineering, environment, government, management,
marketing, plastics and polymers, and much, much more!

Most important, CHEMTECH helps you cope with live, real-world
problems, from the preparation, characterization, and use of
chemicals to engineering operation, distribution ... even your
problems as a practicing technologist.

Because you are a doer, an achiever, an innovator - join other active,
interested chemists and subscribe to CHEMTECH NOW!

CAU TOLL FREE: New Orders (800) 638-2000/MD Only (301) 949-1551
or mail the coupon below.



For Creative
Chromatography

Specify
Spectra-Physics.
SP 4100: the first intelligent integrator

13."\

Our new single-channel 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. toueh a
bUllon. and you get Area and Area % report. If you want more.
H has tntly Intelligent dialog-it asks only relevant questions
for the data manipulation you want. Dynamic Integration Is
standard-automatic integration with dynamic e\'aluation of
parameters will integrate each peak oplim,~ly,

Let us show you how SP 4100 can help you do more creative
chromatography, H's what you'd expect from Spcctra-Physics.
the eompany that invented the computing integrator. USA hndqw."Cft:

Sptttr:;l.Ph~,..a
2'905 StcNkr Way,
S;tnla CI..ra. CA
9505'
Or ".:all one u( OW'r'US»le>
MId....ol(III.):
(312)~

M'd-AtbntK- (Wd):
(JOI)J.lS-7.llJ
WI HO.):
(3)1) 9314)90
South (TeL):(113) ...._

Wa& (CabO:
(408) NJ.OIQS
E..-.n
hndquancn:
5p<=>-Ph,..;o
GmbH
AW't'lder Stras.K ll.
6100 DMTlUtadt
WC'SlGcnnany.

....."

Programmable X,Y plottiDs­
You can enhance "our data
presentation with"grarhs
such as this muhile\'e
calibration.

BASIC programmability b
atandard-You can use SP
4100'5 extensive capabiHI)'
and ncxibilit~· to fit your
indi\'iduaJ needs.

b
'0

•
•
•

•
•
•
•
•
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•

•
•

Sec SP 4100 in
Booths 832

and 931 althe
Pinshurgh
Analytical

Conrcrcncc. -
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prevent vacuum leaks ... stop laboratory glass­
ware breakage use APIEZON

GREASES ° OILS ° WAXES
Aplezon lubricants are especially formulatod for use with
high vacuum laboratory equipment. These easily applied.
high purity, low vapor pressure, stable products are reslstont
to organic solvents. mosl chemical vapors.
GREASES-anti-seize greases which eliminale cosily break­
age: for high vacuum use down to 5 x 10_" lorr at 15°C and
moderate vacuum use to 10-1 torr. They won't leach out 0'
ground glass Joints or stop cocks.

OILs-idoal 8S vapor diffusion pump fluids. They groslly
minimize the need for a cold trap, pormil maximum pumping
speeds, reduce operating and mainlenance costs.

COMPOUND Q: a low cosl. putty-like, varlallle sealant.

WAXES-ror sealing vacuum jolnls more permanently.

•

write or uHlor your free copy 01 Bullelin43a

I 1 JAMES G. BIDDLE CO.
, Plymouth Meeting, Pennsylvania 19462

Phone: (215) 646-9200 .'3
CIRCLE 26 ON READER SERVICE CARD

CIRCLE 2' 7 ON READER SERVICE CARD

L".Q.Gen· is a leading specially gas manufacturing
company wilh 10101 capabllilies in processing a brood
range of high purity research gases, primary gas
calibration standards, and gas mixtures as well as a
camplele line 01 gas handling equipment.
Instrumentation and analytical devJces.

For particular gases or equipment to meet your own
special requirements. please wrlle or phone W-Q-Gen' ,
Specially Gas Oepartmenl, P.O. 80x 149 Woods Rd..
Cambridge. Maryland 21613 (301) 223-6400
twX: 710-a65-9652

L1F-D·6E11~ OFFERS
• Pure Gases • Gas Mixtures. Gas Handling Equipment
• Gas Chromatographs. Electronic Gases. Pollution
Monitoring Gases. Calibration Gases. Complete
range ot refillable and disposable aluminum and steel
cylinders. llr-D-Gen· Gas Encyclopedia, the most

complete and advanced encyclopedia
of Its kJnd in the world

Uf-O-(i[flljO
.....rkul..llt ........e-..
P.O. Box 149, Woods Rd.
Cambridge, Maryland 21613

A SUtWdiory Oil liquid AI, Cofp. 01 NOI1h AtnIHka ~
• Copyright i919. UJ.O.Gen·
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Books-----------------------
USOKC, "infrared radiation which is
sorbed" or "molecular sorption" of r8~

dinlion. This is uncommon usoge at
best.

This reviewer prefers that tech~
niques be identified by their distinc·
tive namcs. In this volume some (im·
portant) techniques are unlabeled. It
is the author's option to determine
how limited Of rudimentary the de­
~cription should be, but naming the
techniqoe will hell> the interested
reader tu find information from other
sources. In the section on statistics the
aut.hor apparently introduces Stu­
dent's t test hut without n lohel. In an­
other chapter the application of per­
meation devices to the calibration of
monitors is nicely described. but there
is no indication that these devices nre
called permeation lubes. The opera-
t ion of t he carbon monoxide monitor
descriued in the section on air pollu­
tion is apparently based on the gas fil­
ter correlation cell. This is not indicat­
ed, however.

Nevertheless. the uuok is neatly ar­
rnnJ.:ed and rends smoothly. The vol­
lime would serve for an orientation in
pollution evaluation fur the practicing:
chemist.

New Books

Trace Element Analyll. 01 Geological
Materials. R. D. Reeves and R. R.
Brooks. x+ 421 pages. John Wiley &
Sons. Inc., 605 Third Ave., New York,
N.Y. 10016. 1978. $27.50

This book is volume 51 in the series
uf chemical analysis that covers the
8C<luence of processes necessary in the
onolysis of geological materials. Sam­
pling techniques and the physical and
chemical methuds of sample pretreat­
ment are discussed. The anaJytical
methods used include gravimetry and
titrimetry colorimetry and fluorimetry
atomic emission. atomic absorption
and Ouorescence. X-ray emission. ra­
diometry and rndioactivation, elee­
tronnalytical, and mass spectrometry.

Phy.lcal Methods In Modem Chemical
Analyll•. Vol. 1. Theodo<e Kuwana. Ed.
x + 320 pages. Academic Press, Inc.,
111 Filth Ave., New York, N.Y. 10003.
1978.533

This series contains chapters writ­
ten hy speciali.'its on selected analyti­
('ul melhooologies at a depth level

greater than that of instrumentation·
oriented textbooks. Volume one con·
tains chapters on gas chromatography;
principles. instrumentation. a: plica­
tions, scope. and structural problems
of mass spectrometry; fluorescence
and atomic absorption spectrometry;
and name and plasma emission anaIy·
sis methods.

Patent Policy: Govar....-,A~.
and Indualry ConcepIa. Willard Marcy,
Ed. x + 173 pages. American Chemical
Society, 1155 16th St.. N.W., Washing.
ton, D.C. 20036. 1978. 519

This is number 8t in the ACS Sym·
po&ium Series based on a symposium
atlhe 175th Meeting of the ACS in
Anaheim. Calif.. March 13-14, 1978.
The 13 chapters present historical in·
sights aJong with an overview of the
success of existing patent poljcies in
providing a way to reward all of the
parties at interest while safeguarding
the public. Specific questions and an·
swers concerning go....ernment. aca­
demic, and industry concepts are prt~

sented along with approaches that
may enhance the usefulness of the
patent system in the future.

THINK
BAUSCH &LOMB
PRODUCTIVITY
When your laboratory work requires maximum cost efficiency.
testing accuracy and total output-think BALPLAN~Microscope
productivity.
BALPLAN'" Microscopes are specifically designed to meet the
demands of a busy lab schedule. Each microscope features
distortion·free. wide, flat fields that reduce viewing fatigue
and Ihe errors that mighl follow. All controls are conveniently
positioned for comfortable operation. and the bright. white
light of tungsten·halogen illumination offers the best look yet
at any specimen. It all adds up to a hard working microscope
Ihal will increase the productivity in your lab. And wortdwide
Bausch & Lomb servicing is your assurance that BALPLAN
Microscopes will stay on the job each and every
day for many years to come. Write loday for a de·
lailed catalog or a BALPLAN demonstration. THINK
BAUSCH & LOMB ... Productivity since 1874.

BAUSCH & LOMB @
SDenlJi,c Opteal Pmi.cts Ilvoo1
Roch.s'If, New YOfk '.102 USA
7'6-331·1000, TWX 1'0.253·1'"
TELX 17·1231. C"'8LE: busch. Lomb

In CANADA: Bausch & Lomb Canada lid. 2001 leslie Slroot.
Don Milia. M382M3, Onl8tlO, Canada, (416) 441-91 01



Books

Lange's Handbook 01 Chemistry. 12th
ed. J. A. Dean. Ed. xv + 1470 pages.
McGraw-Hili Book Co.. 1221 Avenue 01
the Americas. New York. N.Y. 10020.
1979. $28.50

This t.>ditiun features in-depth rna­
l('rial UI1 thermodYllnmic properties,
the elements and selected organic
compnunds, recommended symbols.
furmutiull ('onslanls, acid disso(:iution
(:onslanls fur ()~unic cumpounds. cun­
version [udors including SI units. nnd
mathematical and statistic31 relations.

Analysis of Airborne Particles by
Physical Methods. Hanns Malissa and
J. W. Robinson. Eds. 301 pages. CRC
Press. Inc.. 2255 Palm Beach Lakes
Blvd.. Wesl Palm Beach. Fla. 33409.
1978. S64.95; S74.95. oulside USA

The analytical procedures include
X-ray nuorescence. emission, atomic
adsorption, radio.1ctivity measure­
ments, spark source mass spE'l'lrome­
try, neutron activation, electron and
ion probe microanalysis, X-ray dif­
fraction, JR, and thermoanalysis.

Continuing Series

Progress In Nuclear Magnetic Reso­
nance Spectroscopy. Vols. 10 and 11.
J. W. Emsley. J. Feeney. and L. H. Sui­
cliffe. Eds. vii + 766 and vii + 298
pages. Pergamon Press Inc.. Maxwell
House. Fairview Park, Elmsford, N.Y.
10523. 1978. S80 and S40

Volume 10 runtHins Mtidcs on t·lll'
thrtl\lJ,!h-space Illcchanisll1 in spin<spin
t'oupling:; application of (h·llsit~· nlll­
trix theory to Nr't.'lH lincshapl'l'akulu<
tinns; spin·spin coupling ami the l'on­
furmatiunnl stut('s Ilf p('pl idt! systems;
and Ouorin(' nlllpling- nHlslanls. Vol·
ulIle II nllltains rcvil'w anit'll's un nll­
('ulatilJlls til' l1udear spin-spin ('n\lplin~

constants: quanlitati\'c llpplkal ions Ill'

I.~~ NMR: d\"lIl1lllil' '.'(' l\~III; NMH
sped ra <.Ind ~tructurl's (If org:al1otin
nlluptlunds: semit'mpiril'al ('alnlla·
Liuns of I he chcmit'al shifts Ill' Illldt·i
other than proluns: c1~'1111lnk 1::C
NMH spcCtroSCIIPY Ill' 1ll('lal t'arhclIl­
yls; and deutl'rium mag:nt!til' H'SO­

Illlll{,(', applications ill ch(,lllistr~',

physi('s ami hioltlg~'.

Analytical Melhods lor Coal and Coal
Producls. Vol. 2. Clarence Kart. Jr.• Ed.
xvi + 669 pages. Academic Press Inc.•
111 Filth Ave.. New York, N.Y. 10003.
1979. S55

Volume two is divided into four
partto'; stnH'tufe. mill('rnls in conI. coni
('nrhnuiznt ion prOd\lfts-t'nkc, pitch,
and ('nal nlluhuslioll products. Theory
nnd tilt' pructiculltlhllrutor~'detail of
tltl' vuriu\ls 11l1nlytil'lll methods nrc
pr('s('ntl'(lllICln~wil h Illll'k~round ref·
l'ft'l\CC:'.

GLC and HPLC Determlnallon 01 Ther­
apeutic Agents. Vol. 9. Part 2. Kiyoshi
Tsuji. Ed. xiv + 936 pages. Marcel Dek­
ker Inc.. 270 Madison Ave.. New York.
N.Y. 10016. 1978. S45

Part Iwo of a thft'c-part !'rrics i!' di­
\'id('d into four ~Cl'liuns: thl'rapcutic
tlru:.: munitoring:. dru~s allt..(·tin~ the
IIl'f\'tI\I~ ~~·:--tl·l1\. ani iminohial a~(·nts.

and TlH'laIHIIit- dist!a~l' and t.'ncl(~rine

functioll ag:C'lll.s. Dl:tailNI descriptions
for dlrllllllllll~raphin:.: drll~.s rl'pr('St!I1­
lal ivt.' uf t':!ch da.ss arl' provided.

naw.make gas phase Ealibratians
with DBS-traEeabie mrtaintv

~
--~-~

II • I

116
To get accurate, useful oUlputs

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 accurale and precise gas
concentrations ranging Irom 0.0001
ppm to over 1000 ppm. As a result,
you can use it to gel NBS-traceable
calibrations of almost any instru­
ment-In the lab or in Ihe field.

Further, since calibration is our
only business, you get an instrumenl
that is coldly objective and easy to
use. II's also competitively priced.
Yel. it has leatures no olher
calibrator can match:
• Self contained design, no need for

gas cylinders and related
apparatus

• Oven control within ± .05°C.
NBS traceable

• Oven temperatures variable 10
50°C, 11 O°C optional

• Flow calibrated and stable to
within ±1% (full scale) or ±3%
(low scale) for each reading.

• Our own disposable, calibrated
permealion devices, certifications
traceable to NBS standards. Avail­
able for hundreds of gases.

• All controls and indicators logically
grouped on Iront panel for fast,
error free operation

• Fast, easy device change or
replacement via Ironl panel

• Continuous, unattended automatic
or remotely controlled operation

• Drnamic gas concentration ranges
o 60:1
CIRCLE 148 ON READER SERVICE CARD
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• Optional. "in-transit" maintenance
of purge and temperature

it all adds up to calibrations lhat are
above suspicion-your best protec­
tion againsl costly measurement
errors.. Three models meet every
requirement. For detailed lileralure
and a demonstration, call or write
today. Melronics, 2991 Corvin Drive,
Santa Clara, CA 95051.
Phone: (408-) 737-0550
Telex; 35-2129

. ;,. ...:::,.
Metronics ~~~~.~~~~
Calibration you can ',-'r 'V.

count on. ..~~



WE HAVE THE
SOLUTIONS BEFORE YOU
HAVE THE PROBLEMS.

Making specialty and rare gases is a lot tougher
than using them. That may be tough for us,
but it's 1,'00.1 for you.

It's tough because our experts, like
Frank Kramer, have to make sure every cylinder
or other container of our pure gases and gas
mixtures are exactly what we certify them to
he. And we have to make sure they'll pcrfoml
exactly as you expect them to perform.

\Ve have to make sure there are no trace
heavy-metals in your electronics gases. We
have to know your NO calibration gases are
not polluted with excess NO~. And we want
you to know that you will not get 0.12-ppm
hydrocarhons in your O. 10 certified zero air.

To do that, we use the same kind of
instrumentation in our specialty gas produc­
tion plants that you do in your facilities. Mass,
emission, x-ray, infra-red and atomic absorp­
tion spectroscopy, flame ionization detectors,
,;cannin1-: and trans­
mi,;,;illn'decttlll1 mi­
cro,;cllpe,;, ,;canning
dectrlln microl'rolX's,

x-ray fluorescence and, of course, gas chromat­
ographs. (We regard the gas chromatograph
as a piece of proJuction equipment, and we
probably have more GC experience than
most of our customers combined.)

In addition, we often set up the same
equipment in the same application environ­
ment that you do just to make sure everything
you're doing will work without a hitch.

All of which is good for you because­
whatever you're doing with your specialty
gases and equipment-Airco people like Frank
Kramer have probably done it before. Hun­
dreds of times over.

We're happy to share our knowledge,
experience and facilities-and even Frank­
with you any time you like. Simply call or
write our Specialty Gases and Equipment Dept.,
Airco Industrial Gases, 575 Mountain Ave.,
Murray Hill, NJ 07974. (201) 464-8100.

:\11-..00. ~11 (il 71 h~\)'\lIr.1

11.n ....,f{.'U~'·.l.-\li~\.J) ;~}-I~;t>

Chi..·..1:."..... Ill; I.~I ~ro."I-4:~'"

Cil\ ••llnJu_lr'o.L"..\ i:l 'I *''-':,:0.71
H.,"",:,,,,, T:\,71 H '::i~l':j

Ph.....·ni,. :\z (t"\.'':l':; ;-1'=;;
l"itl ..h...L"~-h.P:\Hl'::l it'l":·};':\
lUl...i:.,-h.llurtum. ='C lo.Jl"Jl i·P~..,,~;;
RI\,·n ••n.:"J tt-..~l~~;:ooj:-.

S-inl.A l"ur-.I.l":\ (·h\... ,'::.,.j·'H7,,'
s..".llh :\.. 1."'. ~I:\ Itll ,I !M·jjt>i
\",Ul.;.>Uh-r. \\.-\ I':,,'n) to,",;. I ~ i;

~nGO
DliilrS Gases

OlelE 6 ON READER ~RV1CE OlD



•

......
'"iti'
I l

Tracor offers the widest selection of proprietary
GC Detectors-including Flame Photometric,
Linear Electron Capture (Ni63), Hall Electrolytic
Conductivity: NitrogenlPhosphorous,
Thermal Conductivity, Flame Ionization, Gas
Photo Ionization and Ch~omatography
exclusive Ultrasonic I '
Detector for low level determination of fixed gasses.

Water Analysis? Sulfur Analysis? Capillary GC?
Tracor has an instrument for your application
including new splitlsplitless glass capillary capability.

'New 700A CIRCLE 202 ON READER SERVICE CARD

u[J~ffim[J
Chromatography

CIRCLE 205 ON I\EADER SERVice CARD

• • Tracor's modular 900 Series
LiqUid Liquid Chromatograph

Chromatography featuring the 950
I ' High Pressure

Pump, 980A Solvent Programmer and the
state-of-the-art 970A Variable Wavelength
Detector. Also included is Tracor's new 965
Photo Conductivity Detector for
Liquid Chromatography.

Data Tracor's Analytical

P~ocessl'ng Processor (TAP)
I ' provides the most

sophisticated software resulting in highest
precision-and it's

easy to use, too.
CIRCLE 203 ON READER SERVICE CARD

$end IOf TraCOl"s FREE peflodlcal
RETENTION TIMES. ThIS Will keep yr:J.J ,nfe<med
of recent developments In both gas and
lIQUId chromatography.

Flee subscflption to Retention Times

CIRCLE 20" ON READER SERVICE CARD

GC/LC
News

Traeor Instruments
TraCOf,lnc, 6500 Tracor Lane Austin, Texas 78721 Telephone 512:926 2800
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o FOR MICROPIPETTE ELECTRODES
o SINGLE AND MULTI-BARREl TYPES
• THETA AND QUAD TYPES
• THIN WAll TUBING

'1' C.. II:','lI"U· .lH,\"J..V.J. ~Q. '.II Cu-.c'1&Jo,Q
l~ . U"HU t1lo-U (~UI"· _ C.IIo leMa~ Iii'

·J..c,,)II\"J..:II·I~CIt·~:.I'I.IIO\,I!

• hH'~;:O( ~!\i1U_"U 1f1!

MODEL F·223A
DUAl/DIFFERENTIAL ElECTROMETER

.... t & Na -+ ION EXCHANGE RESINS

lOW CO$1 10 ml AMOUNT

'. • :: C <:;c- c iiiiilI
-::.'.~:: ....~",- <:z;

GET IT
ALL

TOGETHER!

MICRO-ION SELECTIVE
SYSTEM

PRECISION MEASuRUUNTS fROM MACRO
AND MICRO 10" 5HfCIlV£ AND pH ElECTRODES

SI units have been inlroduced into
school systems in 17 countries. Except
for Brazil (1962), France (1955), and
Sweden (1966), the introductiun hUll
taken place in the 1970's, Greece is ex­
pecled to convert within the next two
yenn!. It i. expected thal il will be
quite some lime before 51 uniLli are in­
lwduced into schouls in .Japan. The
lISC uf SI units is compulsory by taw
in Finlnnd and the Federal Hepllblic
IIf eermany. The levelal which lhe
units are introduced in schools varies
~reatly, althou}!h in chemislry they
appear til have heen universally
.dllpted.

In the majurit)' of countries reo
sp(lndin~. instruction in teachers' col­
leges and puhlicatiuns for teachers
and pupils are availahle un the use of
SI. In France. there is no apparent
need fur special publicatiun...; because
of Ihe l41nJ' period of exposure to 51
units, Enept for Greece and Japan.
text hooks usin~ SI units are available.

\\"hat prublems are enctJunlered in
usin~ SI uniL.. In teach chemistry in
l"t'honls'! Denmark. Finland, France.
Netherlllnds. Republic of !:ioulh Afri­
('a, and Spain repurted 110 problems,
"\('t'urdil1~ tu Newbuld. the prublems
rai~l,d hv th(· other countries can be
bril·n\' ~·llmmarized as f4lIluw~: values
llf eq~ilihrillmconstanls (Australia):
pu·s.....ur(' and C1..l1let'ntratiun (Canada):
jtlllle~ (F!.'drral R!.'puhlic uf Germany
and ('annda): Ct)mputatiunal difficul­
lit's ((:t'rman Democratic Hepublicl:
t(,XIIM~uks \Lo;in~ non·SI data (New
Z('alalld und Cunada); equipment cali­
hratNt il1llon-Sl units (New i'..ealand):
ren1kulntiun of constnnts based un
thl' new definitiun of the stundard
stnte tSwed!.'n); prublem..o; of tt"<'hni,
t·iuns tmilll'd in the use ofSlunlts
hll\'ing to USl~ mixed units in industry
tlll1itecl Kin/-:dom); und the resistance
uf tt'Ot'ht'rs 10 the ('hun~l'O\'('rto SI
units (Canada. Federnl Republic of
('{'rmUIl\,. German Demul'rntic Rt'·
puhliC". ,;nd Hun)!ary). O\'('rnll. the
prohlrm with Uf,'eptanre uf SI units
SN'I11S ttl he onE" uf lhr teucher ralher
thun uf the- pupil.

Ohvious in thil'i ~ur\'('v':, results is
thl' ah~{,I1t:{' uf any n:'sl~msp frum the
United SIUles. P{'rhnps.lls in the ca.-.e
IIfCnnnda where darn frum only the
pn,vil1t't,s uf New Bnll\l'iwit·k. Quel~.
Ne\\'fl~ulullnnd. nnd Prin{'(' Edwnrd
Island. lind tht~ Northwest Territories
\\'t'rl' u\'uiluhle. the l,'nordinulion uf
<Iutu from 50 stutes wns (tw., (''1llllplex,
Or is th(' prohlem Ihe s.l\I1lC ns Jnpnn's
wllt're t here is IlU sl run): push for SI
units'!

Editors' Column

CummuniCllliull nmun~ university,
(·(lllcJ'c. und ~clllHlllellchcn~i~ the aim
of the Cummittee lin TCl.lchinJ: of
Chemi,try (CTC) "f the Internntiunal
Union of Ilure and J\pplicd Chemistry
(IUI'AC). The inform"li"n ~lllhered

thruuJ:h the committee is disseminat­
ed ill the "Intcrnnlionlll Newsletter
un Chemicnl Educlltiun", This puhli~

cut ion il-l uvuilnhlc free·of·duu~e from
the !:iecr.lllrillt "f IUI'AC <Bank Court
Chllrnhcr~.2-:\ Pllund \Vay. Cowley
Centre, Oxford OX·I :lYF, UK I. Huw­
('VN. there is flll mechanism fur auto­
mnt ic mnilinj.:: tlf the newslel1er except
to suhscrihcrs til' the IUPAC "Infur­
mllliun Bulletin" ($2:) U.S.. Pcr~3mon
I'fl's....;. HcadinJ,::tun Hill Hull. Oxford
OX:I Oil\\', UK).

t\ rl'{'t'nt issue IIf the newsletter (No.
10) presented a report UI1 n survey un
prohlems (If conversiull to Siunib; and
its ('ffectlln Ihe le[l{'hilll-: of fhemistry
in Sd1001s. The stlrvev, inviled by the
eTC, was ('ondtl('ted: and the rej)urt
prepared, hy Brinn T. Newhold uf the
l/nin'rsitc de Moncton, New Bruns­
wirk, Cnnndn,

The qut'stionnllire used in tht· sur·
vey inc:luded lhe following qUfslions:

• Has \"our countr\" intruduced SI
units intI; th£' SdlOOI ~\-s(('m'!

• If n's, in whut \"l'~r and to what
)t'n'! (s~'hnol \"eurs):!

• \\'hilt ve~lr for dwmistrv and
whnt It've)~ of t'he-mistrv'! .

• Hu\'(' hunkiNs, etc·,. hcen pre­
parN! fur ll'adu~P.' anci pupil:" to· help
t hC'1ll to tNldl <lnd learn huw tn usc' Sl
units in scit'Ilt,p and purtit:'ularly
d1Cmi:"tr~"! If yes, p!cast.> ~i\'t' ~om('

ic!t-u of til(> sn.pe of slIt'h huoklets nnd
their suurf{$.

• \\'hut pro!lIt.'llls nrc ennmntered
in usinJ.: SI units to Il'uch chemistry
in s('hoo)s'! Pleasl' inrlit'utc sped fir
orcas in thl' curri('ululll thlltllre nf·
f('(,tNl. I)l'dagugicul diffil'ultit's, and
lllly other prohlems in\"uln'd,

• IfSlunils huve yet to ht· adupted
hv tht.· s('hool system in your cuuntrv.
p'!ellse indic'utc' if introd~(·tinl1 I)f said
units is presently contemplnll'<l. und
whut veur 51 unils nrc likt·)y to l~ in­
lre.dured,

eTC hlll'i NntiunnlHepresl'l1tntives
from 41 countries il1dudinJ.: the Unit·
ed Stutes, All 41 wcre sellt Ihe qlles·
tionnuirc; 19 replies were recein·d.
The rrspondents reprl'sented Allslrn·
lill. Brazil, Cunudll. Denmurk, Fedcrul
Hcpuhlic uf Gcrmnny, Finlnnd.
Frnncc, Gorman DcmtH.:rnlic Hcpuhtic,
Greece. Hun/-:nry. hulin. JlIpun, Neth­
erlands, New ZClllnnd, Ilepllhlic III'
Suuth Africa, SI)l\in, Sweden. lInitud
KinJ.tdom, und Yu~osluvin.
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TEXAS INSTRUMENTS
INCORPORATED

CIRCLE 201 ON READER SERVICE CARD

"TI recorders
help our systems operate

24 hours a day."
. . . says Dennis Mach, General
Manager of Richmond Instruments
Company, manufacturers of ex­
haust test systems.

"We have no problems with TI
recorders. They are reliable, easy
to mount, clean, and easy to
service. That's wby we use them
in the vast majority of our
emission systems. 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 servolriter·/1
models give a choice of one to five
full overlapping channels on a
8.75" grid. And if space saving is·
a requirement, the LablThst
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
performance plus a nationwide
network of sales and service
offices to serve you.

For further information, please
contact 'Iexas Instruments
Incorporated, P.O. Box 1443, MiS
619, Houston, 'Iexas 77001.
Or phone (713) ~
491-5115, ext. 3333,
TWX 910-867-4702,
Telex 775938.
-1\-ademark of Texu lnatnunenl. Incorporated

Your
benefits are
compound.

Membership Is simple.

American Chemical Society members
receive Chemical and Engineering
News each week. C&£ News brings
you the up-to-date happenings in the
chemical world plus oHicial ACS news.

AND THERE ARE
MANY OTHER BENEFITS:

Publlcatlons- Members enjoy sub­
stantial savings on world renowned
ACS publications.
MeeUngl- Two national meetings
each year plus a host of regional and
local meetings are held for your
benefit.
Local Sectlonl- provide you with
activities of local interest and an op­
portunity to participate in Society
affairs.
Olvlllonl-28 SUbject divisions help
you keep up with your special chemical
interest.
Educational Actlvltles- short courses.
audio courses and interaction courses
help you expand as a professional.
Employmenl Alds- give you a helping
hand in today's tight job market.

But most important. your membership
helps support the scientific and edu­
cational society that represents you
as a professional.
110.000 Chemists and Chemical Engi·
neers know the value of ACS member­
ship.
Send coupon below today for an
application.

r - - 'Am-;r;;;;nCi,';;ic-;j'&;;;1;; 1
I ... Office of Member Services I
I
'W' 1155 Sixteenth Street. NW. I

Washington. D. C. 20036
I Yes. I am interested in membership in I

the American Chemical Society. Please II send information and application.

I Name I
I Address ICity _

L~t':... Z~-==J
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are automatically removed from sample
analysis. For fa.st. simple. more accurate
qualitative determinations. Also useful
in gradient elutions.

Best oi all. the MM 700 i, u<ed with
Schoeffel', UV·VIS absorption detector
-the SF 770 spectronow Monitor­
with motorized wavelength drive. An
industry standard since its introduction
in 1973. Write for our brand new Iitera­
ture-or phone us for a demonstration.

CIRCLE 14.] ON READER SUVlCE CARD

The LC Detection
System with a~...

~~...........- ...not a mind
of its own.

No",\'-usi"8 a Schoeffel variable wavE"'­
length absorption detector, you can SlOp

the flow in your lC s)'Stem and scan the
spectrum for ~sitive identification oi
an eluted fraction. \Vilhout having to
......'orry about baseline variations. ''\lith·
out spending valuable time correcting
for solvent and bacL..ground absorbance.
Because of the mind: Schoeffel', MM
700 Memory Module makes ab,or­
bance profiling l'fingerprinting'l OJ: snap.
Solvent and background ab,orbance

U.S.A.: 24 BOOk,~f SIIOttl, WestwOOd. New Jersay 01675
(201) 664·726.1, Telex lJ..&)!)6 KRATOS lrc.
EUROPE: 2351 Troppenll.omp. CelsluSSlrAsse 5. W. Gelm.1ny S C HOEFFEL
(0.432312021, Telex 299660 INSTRUMENT OIVISK::lf\,f

HOW
...any
ti.....

MI. Barbara E. Meyers

=r~~~ ~~~o1=~~Pt.
1155 Sixteenth Street, N.W.
Walhlngton, D.C. 20038

have you wished thaI you could
scan ALL of the American Chemi­
cal SocIety's article tilles In a met·
ler of minutes?
The ACS 81ngle Article Announce­
menl (8AA) lets you do just thaI,
twice a month, and for only 50¢ an
Issue (member rale).

Are you a chemlBl or engineer who
likes to keep up .•. but can'l alford
to subscribe 10 all 18 of the ACS
journals?

Then 8lngle Artk:Ie AIvIo.­
men! Is \he alertJng service de­
signed with just your needs In
mind.

8AA olfers a convenient, .0ne-B1op
melhod for scanning the tables of
conlents of all our publications
PLUS an ordering feeture so you
can eeslly end Inexpensively ob­
leln only Ihose artJcles of InlereBI
10 you.

For just $12.00 a year (that's 50¢
an Issue), members can receive

'this up-Io-date alerting service.
Nonmembers can subscribe for
$24.00 a year (only $1.00 an Is­
sue).

Sound Interesting? ? ?
If you'd like 10 examine a free sam­
ple Issue, lusl fill out \he coupon
below and return illo:

CIRCLE 191 ON READER SERVICE CARO
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Finnigan
simpliFIeS

nics-inWater
analysis.

Routine analysis of organics In waf.,.. a prob­
lem? Finnigan's OWN" Organics-in-Waf"" Analyzer is
the problem-solving system designed to meel your
analysis needs. . .

Simplified pre-pl'0\7ammed procedures make
the Rnnigan OWA system simple to operafe. Yet It pro­
vides complete meaSU'ement of both \JOSS
and trace compounds In waf.,... And ndelivers
the analytical capabilities of systems which
cost many Ihoosands of dollars more.

RMlgan tuther simplifies
the solution to your organics- A <'
In-waf.,.. analysis problem by " _. .
offertng training In system '. .

operafion. application lechnlques and laboratory
management.

For nearly a decade. Finnigan syslems have
pioneered organics·ln·waler analysis. LeI us shaw you
haw Ihe Finnigan package - hardware. software and
training - can solve your analysis problem. Call or
wrile us loday.

ftnnioan
)]mOO[?l]J~@Gill0
i, { .• '.~':.<.A; '.' I ',I.' .1,", L'::';"l""""~~l

845 WEST MAUDE fWH~UE

SUNNVVAl~. CAlIFO~IA 94086
1408; 732·CY'40

Finnigan will soon be demonstrafing an OWA system in a city near you. Ask us for details.

CIRCLE 75 ON READER SERVICE CARD
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Insbumentation

Specialized
Gas Chromatography­
Mass Spectrometry Systems

for Clinical Chemistry
Nathan Gochman and Lemuel J. Bowie
Velerans Administration Hospital. San Diego. Calif. 92161. and
Departments of Chemistry and Pathology. University of CaJifornla
at San Diego. La Jolla. Calli. 92093

David N. Bailey
Division at Clinical Pathology. University 01 california
Medical Center. San Diego. Calif. 92103

Mass spectrometry can be used to
identify and quantitate almost any
chemical compound of molecular
weightless than 1500. This includes
essentially all therapeutic agents and
their metabolites. The main advan·
tages of mnss spectrometry as an ana·
Iytical technique are its increased sen­
sitivity (for some substances, in the
picogram range) over other analytical
techniques. and its specificity in iden­
tifying unknowns or for confirming
the presence of suspected compounds.
The enhanced sensitivity results pri·
marily from the action of the analyzer
as a mass filter to reduce background
interference and from the sensitive
electron multiplien; used for detec·
tion. The excellent specificity results
from characteristic fragmentation pat­
terns, which can give information
about mulecular weight and mulecular
structure. Mass spectrometry has now
permitted the development of defini­
tive methodology against which suit­
able reference methods can be evalu­
ated. An important example is the
analysis of inorganic ions (sodium, po­
tassium, chloride, calcium, magoe:
sium, lithium. lead, and phosphate)
by isutope-dilution mass spectrometry
(I ).

Since biological samples (e.g..
humon serum, urine) are complex
mixtures, the combined gus chromnto·
~raph-ma.. 8pectrometer (GC-MS)
h08 evolved 8S on ideol instrument for
rupid separation Dnd analysis with

minimal prior purification. Specific
clinical applications of GC-MS have
included the analysis of biot:enic
amines. aminu acids. peptides, lipids,
carbohydrates. prostaglandins, ste·
roids. and bile acids (I. 2). Especially
promising is the metabolic profiling
of organic acids and volatiles, which
permits a complete class of com·
pounds to be monitored leading to en­
hanced diagnosis of a variety of meta­
bolic disorden; (1-.3). Another new ap­
plication is that of rapid identification
of bacteria from their characteristic
molecular fragments so that a defmi­
tive identification of the microorgan­
ism may orten be made on the same
day as 88mple collection (J).

Probably the most significant con­
tribution of GC-MS to the clinical
laboratory thus far has been made in
clinical toxicology and therapeutic
drug monitoring. Because of the struc­
tural similarity of many drugs, analy­
sis by more conventional techniques
(e.g., ultraviolet-,'isible spectropho.
tumetry. gas·liquid chromatot:raphy)
has often suffered from lack of speci­
ficity. In addition, the analysis is fre­
quently complicated by the presence
of several drugs ingested concurrently
in overdose. Mass fragmentot:raphy
(multiple ion detection and selected
ion munituring) is particularly well
suittod fur drug analysis in these cases.
since by its nature it permits simulta·
ncous separation and analysis of mul·
tiple known rompounds and quantita·

tion with far greater specificity than
heretofore possible.

A comprehensive review of mass
spectrometry. prepared by Roboz (4),
covers instrumentation. techniques.,
and applications in clinical chemiotry.

BaslcDeslgn

The basic components of most sys­
tems are shown in Figun! 1 and an! de­
scribed below.

Gas Cbromatocraph. M previ­
ously indicated. the major function ol
the gas chromat<>graph is to resolve
components of complex mixtures. A
second function, which may not be u
obvious, h"",'e,-er, is to present the .
compounds to the JD8S8 spectrometer
in a form (Le., gas phase) readilY ac­
ceptable for JD8S8 spectrometric analy­
sis. The difficulty ofaccomplishinc
this second function bas limited the
adaptation and integration of other
chromatographic techniques (e.g"
higb-performance liquid chromatocra-·
phy) to mass spectromelry. Since the
mass spectrometer must operate
under high vacuum, the GC carrier 1M
(e.g.• helium or nitrogen) must be re­
moved prior to introduction into the
spectrometer. Even high capacity
pumps cannot maintain high vacuums
with carrier gas now rates ofgreater
than 10 mIJmin (4). This problem is
alleviated by placing a separator be­
tween the GC and mass spectrometer.

Molecular Separators. The two
most popular types of devices used to

0003-27oo/79/0351-525ASO 1.00/0
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WE can't l'EallY sl,o\v off
II,flcon's vErsatilE slll'faCE al,alysis
SystEI".

UI,tll YOll sho\v liP \vitl, a sal"pIE
fOI' COI"P81'8tivE 81,alysis.

INFICON
lEYBOlD-HERAEUS

The plexiglas model of our universal chamber clearly
shows our versatile analysis techniques.

Write or call today. We'd like to see you and your
sample soon.

We also oHer contract surface analysis and
aulstance with special problems.

6500 Fly Road, East Syracuse, New York 13057
315/437-0377. TWX 710 541-0594

CIRCLE 121 ON READER SERVICE CARD

The best way to demonstrate Inficon's lHS-10
surface analysis sYstem is by direct application. So
bring in any vecuum compatible sample-give us two
weeks' notice, please-and we'll analyze it.

And we'll prove ours is the simplest. most cost·
eHeC1ive system for your surface analyses,

Whatever your analylical problem, the
lHS-10 will help you obtain more complete surface
characterizations. correlate data faster, and reach firmer
experimental conclusions,

LH5-10's universal analysis chamber allows
customizing to your exact needs-whether it's catalyst
eHiciency 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 computer system for simultaneous
instrument operation and data manipulation.

No matter what 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, let the other surface analysis
companies first demonstrate their capabilities-then let
Inficon give you proof positive of the lH5-10's superior
performance, versatility and simplicity.
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Figure 1. Malor components of typical GC-MS sys1em

remove carrier gas from sample mole­
cules are gas-jet separators and mem­
brane separat<lrs. The jet separator
forces the entire GC ernuent through
8 narrow orifice under a vacuum. An·
other orifice is placed in close proxim­
ity to reLrieve sample molecules. Since
the lighter carrier gas molecules pref­
erentially diffuse away from the center
of the stream under vacuum, as pluch
as 99% of the carrier gas can be re­
moved. The function of membrane
separators is based upon the higher
relative solubility (and therefore per­
meability) of organic compounds than
of carrier gases in silicone polymers.
Membrane separators have higher
sample yields compared to jet separa­
tors, but the permeability of molecules
is highly temperature dependent. A
comprehensive discussion of both
types of devices can be found in ref. 5.

Direct Insertion Probe. Solid
samples may be introduced into the
moss spectrometer by heating and

Figure 2. Block diagram of Olfax IIA

volatilizing in a vacuum. Direct inser­
tion probes are designed to hold a
small amount of sample, introduce it
into the system via a vacuum seal, and
heat the probe tip to temperatures
sufficient to volatilize the molecules
present. This technique is very useful
for identifying pure substances and
simple mixtures that do not require
prior GC separation and can be volati·
Iized without decomposition.

Ion Sourc"". In order for the mass
analyzer to separate molecules or frag­
ments, they must be ionized. This can
be accomplished by various methods.
but the two most widely used ap­
proaches are electron impact ioniza­
tion (Ell and chemical ionization (Cn,
A detailed discussion of the principles
and relati\'e advantages of the two
techniques is beyond the scope of this
article. In general. CI is a gentler
means of ionizing, gi\'es simpler Crag.
mentation patterns, and is especially
useful for compounds where higher

molecular weight rragmento (e-c., mo:­
1e<;Ular ion) are IOUlhL Electron im·
pact ionization, on the otber hand, iI
IOmewhat limpier to accompliah lince
itd~ not require a reAlent gu, and
by gIVing more fragmenta, may give,
more 5tructwal information. With
both techniques. ions are rormed rrom
the neutral gas moleculea, rocused into
a beam. and accelerated berore enter­
ing the mall analyzer.

Mus AIlaJyurs. Although there
are a number of d..igns ror mall ana­
lyzers. tbe moot popular in recent
years hall been the quadrupole analyz­
er. In this approach. rf and dc voltag..
are applied to parallel rods in such a
manner to permit only a SpecifIC mau
to traverse without annihilation at any
one combination of voltages. In con­
trast to most magnetic analyzers that
use a magnetic field for resolving vari­
ous masses, the r..u1ling mesaspee·
trum is linear. Magnetic analyzers are
theoretically more sensitive at higher
masses and with advanced d..igns
may become more popular.

Detectors. Currently, moot mesa
spectrometers use electron multiplien
to detect the ions emerging from the
analyzer. These devices are capable
of amplifying the ion current as much
as 107 by use of a series of dynod.. in
a manner similar to that used in ab­
sorption and fluorescence spectroacopy.

Data System. Because of the
wealth of information and the speed
at which data are generated, moat con­
"entional systems accumulate data
with the aid of dedicated micro- or
minicomputers. A combination of di­
rect computer storage and storage on
magnetic tapes and/or discs is used to
compile all of the data and to recon·
struct mass spectra or chromatograms
on requesL Cathode-ray tubes are fre­
quently used to provide real time dis­
play of data acquisition.

Vacuum System. The separator,
ion sowce. mass analyzer. and detec·
tor must be maintained at high ,..cu­
urn (commonly 10-7 torr). Both the
speed at which the instrument can be
operational afte.r c.Ieani.ng or ope.ning
to atmospheric pressure and the effi· ",
ciency of maintaining high vacuum are
related to the capacity and lpeed of
the "acuum system. Moot systems use
combinations of oil diffusion pumps
to maintain high vacuum (10-7 torr)
with conventional (orepumps to re­
duce the initial pressure to approxi·
mately 10-3 torr.

Selected Systems

Despite the potential ror applica·
tion of GC-MS in the clinicallabora­
tory, historically, it has heen alm,,"t
exclusively limited to the research lab­
oratory because of ita technical com­
plexity and bigh coot of instrumenta­
tion and operation. With the recent
interest in biomedical applications or
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GC-MS, however, several systems
have been streamlined in design or
simplified in operation, and therefore
may be more suitable for routine ap­
plication in the c1inicallaboratury.
Three such systems that will be dis·
cussed in greater detail_re: Olfn. llA
(Vitek Systems, Inc., Division of
McDonnell Duuglas Corp., Hawl­
wood, Mo.); HP 5992 (Hewlett-Pack­
ard, Palo Alto, Calif.); and DP-102 (E.
I. du Pont de Nemours & Co., Inc..
Wilmington. Del.).

Vitek Ollax IIA

Historically, the Olf_. was the first
system specifically designed for use
in the clinical laboratory. The basic
instrumentation (Figure 2) consists
of 8400 atomic mass unit (OffiU) elec­
tron-impact quadrupole mass spec­
trometer with a two-stage membrane
separator. This is interfaced with a
single-column gas-liquid chromato­
graph (Perkin-Elmer Model 3920) and
a microprocessor (Intel 8008) with
27K in read only memory (ROM) and
4K in random access memory (RAM).
An additional GOK is available for on­
line tape storage. The microprocessor
controls all mass scanning, chromato­
graph temperatures, and temperature
programs. It also continuously moni­
tors such system parameters as pres­
sure and mass spectrometer tempera­
lures. A printer-cassette reader (Texas
Instrument Silent 700) is integrated
into the system to print analytical
data, to load identification programs.
and to enable the user to interact with
the system.

The Olfax system utilizes the prin­
ciple of selected ion monitoring (SIM)
in which several characteristic mass
fragments (usually 5-10) are chosen
for monitoring in lieu of the complete
mass spectrum. Figure 3 demonstrates
a typical contracted spectrum using
phenobarbital analysis as the e.ample.

Tbe uniqueness of the Olfax derives
from its ability to analY7-c mixtures of
compounds even when they elute from
the chromatograph with the same or
similar retention times. This ahility
is built upon the concept of prohabil­
ity-based matching (PBM) of selected
mass fragments (6) and eliminates the
need for a search library. The proba­
bility that a given compound is
present Let indicated hy a "confidence
index" (K). Thus, 2/( represents the
average number of compounds select­
ed at random whose mass spectra
must bt: examined to find characteris­
tic mass fragments that mateh the tar­
get spectrum to the same degree a'i the

.unknnwn_ The probability (P) that the
mass spectral dalo could arise from
8 compound seJected purely at ran­
dom is then 1/2/(.

The specific K fllr the compound
sought is ~he summatiun of individual

values (Kj ) found for each mass frag­
ment used in the identification whose
abundance falls within user·specified
limits. The overall K i!; a linear combi­
nation of four paramelers: K = ~KJ

= ~(Uj + A) + IV) - 0). where U is
the "uniqueness" of the particulnr
frnl{ment bein~ cxumined. A is its
"abundance" in the reference spec­
trulll, W is the applied "windo'" toler­
ancc" that renecls the narrowness of
the peak·abundance criteria used, and
D is the "dilution factor" that reflect.s
the decreased abundance in the tar~et

sample resulting from the presence of
contaminants contributing the same
or similar fragments.

The "uniqueness" (U) of a given
mass fragment in 8 specitic spectrum
is derived from a previous study of
fragments from more than 17000
compounds based on the probability
that the abundance of the particular
fragment in question would be more
than 50% of that of the base peak of
a spectrum taken at random (6). The
parameter" V" (the sum of U and A)
reflects ho..... "characteristic" a given
mass peak is: this number is generated
by the Olfax after the reference com­
pound is introduced. The" V" value
aids the user in selecting the most
characteristic ma&i peaks for his iden­
tification program (fragments with the
highest V values are usually the most
characteristic). By use of the concept
of PBM, a compound is identified as
"positive" if its overall K exceeds the
threshold set bv the user. The more
contaminants present in the sample,
the greater the chance for the same or
similar mass peaks to be contributed
and the lower the resultant K. Quanti­
t.ative analysis of mix lUres of com-

Flgore 3. Schematic representation 01 SIM

pounds can be performed following
appropriate calibration and standard­
ization of lhe system. The Olfox is
thus parlicularly useful for pcrforminR
tnxicoloRY profiles in overdose in
which multiple drugs arc often inKest­
cd concurrently, In addit-ion. the use
of PBM freQuent.ly eliminAtes the
need for meticulous sample extract
"cleanup" and permits the anlayis of
crude extracts of biological samples.

The Olfa. lIA is simple to operate,
and sophisticotion in mass spcctrnme­
try is not a prerequisite. Critical in­
strument parameters are continuously
self-monitored and conveyed to the
user by a series of diagnostic mes­
sages. The user can easily generaIe his
own compound identification pro­
grams after selecting up to 17 charac­
t.eristic mass peaks (based on the com·
puter-generated .. V" values). Up to
16 different compounds can be includ­
ed and !tought simultaneously in one
identification panel. t'or the user who
is not inclined to develop his own pro­
grams, commercially developed identi­
fication programs are available for a
variety of compounds, mostly drugs.
\Vhelher user developed or commer­
cially supplied. the programs are
stored on magnetic tape cassettes,
which are loaded into memory
through the printer-reader. These
programs also contain all chromato­
graphic information includin~ temper­
ature programs n{'cessary for opera­
tion. \\'hile most analytical work is
performed in the '"Auto m'" mode
using PBM identification, an ·'Inter·
active Duta System,. mode is also
available to permit generation of tra­
ditional mass spectra and 10 allow the
user to interact ....'ilh the system.
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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.1t has an improved source

Performance ete glancel

MAT312

with more accessories and greater versatility for
applications including field desorption studies.

The versatile MAT 212 brings a proven track
record to CIfEI studies, not to mention such great
options as GC/M5 analysis with packed columns
(jet separator); multi-ion selection analysis, OCI
(direct chemical ionization or desorption 0)
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:

·Outside U.5. - 55 188.

Resolving power:
MasaRenga:
Accuracy:

MAT 212

Reaolvlng power:
MeaaRanga:
Accuracy:

up 10 35.000 (10'\10 valley)
1 to 3600 amu
better lhan 2 ppm

up to 20.000 (10'\10 velley)
1 to 1200. swltchable to 3600 amu
better than 3 ppm

V.ri.n MAT Mus Sp«trometry. 25 Hano\'er Ro.ld. Florham Puk.
N) 07932. Phone (201l 822·3700 @
Vui.ln MAT GmbH. Postfach I~ ~062

B.1.rkhausenstr 2. 2800 Bremen 10
W\.'5t Germany. Phone (0421) 5493·1

Vutan Auocutn. Ltd.. 28 Manor Road
Walton-on·ThamesJSl!rre)'
Unit,-d Kingdom. KTt2. 2QF l'ana'n
Phone (43741) W'

CIRCLE 23S ON READER SERVICE CARD



PRA's high intensity
pulsed light sources.

The PRA 610 microsecond pulsed light sources offer
maximum versatility lor applications requiring high
ultraviolet intensities.
• Discharge energy per pulse to 100 joules
• Repetition rate 1 to 100 pps
• Spectral range 200 nm to 1200 nm with peak inlensities

inUV
• Various pulse widths 1.S·SOp sec.
• Non magnetic lens aperture for ESR/NMR applications
• Carefully designed for minimized RFI
PRA manufactures pulsed light sources wilfl a variety of
pulse widths and discharge energies and has people
with broad experience In optical systems design to
advise you.

Hellma-the largest assortment of highest
precision glass and Quartz cells.
Slandard' Flow-through' ConstanHemperalure
Anaorobic . Special Designs
Also available-ULTRAVIOLET' LIGHT SOURCES
Deuterium Lamps' Mercury Vapor Lamps
Hollow Cathode Lamps' Power Supplies

f'Jt
~.LLM~ Wdt.lo-lI,... ,uroC Box 544

Borough Hall Slalion
CE L LSI N~ J.m.lco. N.w Yo,k 1142.

• Phone (2121 544-9534

Photochemical Research
Associates Inc.
45 Meg Drive, London, Ontario
Canada N6E 2V2
(5191686·2950 Telex 064·7597

We like the S II 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
dernands have outpaced their capability. To solve this
problem we designed the CRT·1Ooo Data Acquisition
and Readout System. It is a highly reliable micro·
processor controlled data acquisition, spectrometer
control, and readout system designed specifically for
use with optical emission spectrometers. IT WI LL
BRING YOUR SPECTROMETER UP TO CURRENT
TECHNICAL STANDARDS FOR ABOUT 1/3 THE
COST OF A COMPLETE NEW SYSTEM. The
CRT·1Ooo will satisfy your existing readout require·
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 Labiest
computer products and Labtest software. And Labtest
computer installations have already logged hundreds of
thousands of hours of field operation.

If reliability, low maintenance, flexibility, speed, and
freedom from operator error are important in YOUR
laboratory-modernization of your existing spec­
trometer system with the CRT·10oo may be the answer
to your needs. Call us collect today to discuss your
application. Ask for the Retrofit Project Manager.

MODERNIZE
YOUR OLD SPECTROMETER

o

LABTEST

EQUIPMENT

COMPANY
11828 La Grange Avenue, Los Angeles, CA 90025
Telephone (213) 478-2518 478-1610

,ubtldlary • Y • T R D N D D N N • R corpor,Uon
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Order trom:
SIS/American Chemical Society
1155 16th St., N.WJWash., D.C. 20036

The recent revolution in animal foods has
produced high quality, more palatable
foods for don IBshe pets and food·
prodUCIng animals. Now research Is also
being directed toward meeting lhe n&eds
01 threatened wiku.te species as well as
toward controlling their destruction of
human food supplies.

Since animals cannot directly appraise
food or lood additives. lhere are many
unique problems in animalliavor research
thai require the cooperahon from
speclalisls in many dllferent fields. ThiS
volume covers the problems and recent
advances in lhls held. Many domesttc and
non-domeslic animals are discussed by
speclallsls in organic and analytical
chemistry. biochemistry. behavior,
biology, nulfltlon, and phYSIOlogy.

CONTENTS
Anml81 Flavor Research. Food Prelerence
BehavlOl'. Methodology or BehavlO/'aJ TeSllt'.g
• Chemical Fract,ons Itom Estrus Unne •
Baclenal Action ard ChemICal Slgnalllng •
Tasle and Smell. Camlvore Taste Systems •
OI8IS lor FOOd-Produc:ng Animals. Palatable
Foods lor DomestIC Pels. Repellents to Prolecl
Crops

175 pages (19781 clothbound S19.OO
LC 77·27295 ISBN 0-8412·0404·7

New melhods and lechnlques In mass
spectrallragmenlahon have boosted the
"eld 01 mass spectrometry inlo a major
sclen"'IC disciplIne. Ongoing research 10
chemICal analySIS problems through
Idenhflcahon and quantlhcallon ot Irace
amounls 01 material with hlQh
performance mass spectrometry
methods IS revIewed In these 18 chapters.

SpeCIal emphaSIS IS placed on slructure.
property. and energy surface
determinations of gas·phase Ions. These
mass spectromelry melhods Include
chemICal and 'Ield Klnlzalien, ultra·high
resolullOn, new methods 01 delocused
metastable scans. colhsion;.! activation
spectrometry, Ileld 10nizatlO.1 kinetICS.
spark source Ionization and new
techniques In gas chromalography/mass
spectromelry.

CONTENTS

ACS
Symposium
Series No. 67

Roger W_ Bullard.
EdifOt
U. S. Fish and
Wildlife Service

A sympoSIUm
sponsored by the
DIvision of
Agricultural and
Food Chemistry of
the American
Chemical SocIety.

ACS
Symposium
Series No. 70

M)(;hael L. Gross.
Editor
University of
Nebraska

High Performance Mass Spectrometry:
Chemical Applications

A sympOSIum

~ho~se~~~~~fr: gr
Nebraska ­
Uncoln. the National
Science
Foundation, Ktatos
LId., and
INCaS/Finnegan

Order from:
slStAmerlcan
Chemical Society
1155 16th st.. N,W.
Wash., D.C. 20036

~Iavor Chemistry of Animal Foods

E[]

MILL JARS

A size and slyle lor """rly every applica­
tion. Nonon jar mills are buill tough 10 give
long service life, and their exclusive "no­
creep" design means jars stay in place. Jar
mills are available in single-tier. single jar;
single-tier. Ihree jar; Iwo-tier and three-tier
models.

JAR MILLS

Norton Roalox mill jars alter lour limes lhe
wear-Irte yet only hall Ihe contamlflation 01
conventional porcelain jars. Jars teature a
simple all-in-one lid and handle syslem lhat
makes opening. closing and locklflg a
snap_ Capacities range Irom V, pint 10 3.4
gallons.

GRINDING MEDIA
Both Burundum'· and Zirconia grinding
media provide excellent grinding character­
istics with a minimum 01 contamination.
Burundum has a specitlC gravity 01 3.42.
and is designed lor general grinding aplica­
tions. For even laster milling times and less
contamination. Zirconia is suggested (spe·
Wit gravity 5_5). Bolh types are available in
several sizes_

J."216

II1f'!I'Jl1f'PLASTICS AND SfNTHETICS DIVISIONMiIIIIiJJiIHMrlSI .uMJ# IKIIII/Il III "III 11'·1111
CIRCLE 153 ON READER 5ERVICE CARD
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For more information, con!acl:
WESCAN INSTRUMENTS. INC.
3018 Scoll Blvd.
Santa Clara. CA 95050

• Direct Reading
• Digital Display

Wide Range
Zero Suppression
Analog Recorder Output

The WESCAN Model 212 Con­
ductivity Meter is a convenient.
general purpose instrument de­
signed to perform mostlabora­
tory conductivity measurements.
Applications vary from single
determinations using a tempera­
ture compensated dip-cell. to
continuous montoring of liquid
chromatography effluents using
a micro-volume flow cell. A
variety of cells are available to
satisfy various application
methods.

W
WESCAN
INSTRUMENTS,INC.

CIRClE 2_0 ON REAOER SERVICE CARD
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ifl mointainod near room temperature
.ince it i. locoted alightly obovethe
hi~heRtpump stnge and iK suspended
from the vacuum nan~e.

The G(;-MS syslem ia controlled by
a 9825 desk·top compuler with 32K
word. (16 bita eoch) or semiconductor
memory. PrOKrnms and daw are
Ktured on n cartrid~e lnpe unit (250K
bytes capacity with a transfer rate of
27.'>0 I>y',,/.). All iorormation can he
plnlled on Hewlett-Pockard Model
9Rf>6 II printer/plotter mounted di­
reclly on top of the computer, al·
though" 32·charocter display and 16­
chnracter wide printer CDn be u."'t'd for
certoin limited functions. The speed
anrt computational power of the cum­
puler Me sufficient to handle control.
munitoring. and output functions
without processinJ{ dela}'s.

A number IIf convenient and useful
s41ftwnre pm~rams, including pro-

Flgur. 5. Detailed representation of vacuum syslem and analyzer assembly tor HI'
5992

ble ror 011 pump·down and venting op­
cmlionM to be performed Qutomntical­
Iy. The cxiNt.cnce of only une hiKh-vac­
Ullin nnn~e rninimi7.CM the chance fur
leaks, Another mnjnr benefit uf the lu·
calion uf the moltS slJectrometer os­
semhly is the controlled-temperature
envirnnment lhAt is pmvided. The
~nmplc lrnnHfer line is heoted by the
hoiler to olHlul 2ft<> °C to prevent con­
densntion nf KlImplc in transit (wm
the ~R!4 chmmol~rnph. The inn
source nnd (luotlrupolc orc heated by
the interior wull of the pump, which
is maintnined ot unifurm temperature
hy lhe [JUrnl) vupor. The rf"Stlllant
tempcrllture of 180 -19fl 0(: is !'Ourri­
cienllo prevent rnntlcn!"llliun witholl'
deslwyin/;! molcC'ulnr inns. The fJUO­

drupole rnn!-\." nnnlyzer U~ hYrM~rholic

mds instenu of the funvpnliflnnl round
rod~ til pn'S{'r\'c ,wok Nhop(~ "nil reso­
lution at hi~h mos.GO (i). Thc tlt'lector



Legal Rights
of Chemists
and Engineers
Advances in Chemistry Senes No. 161

Warren D. Niederhauser. Editor
Rohm and Haas Company
E. Gerald Meyer. Ediror
Uniuersity oj Wyoming

A symposium cosponsored by the
Diuision 0/ Professional Relations and
the Council Committee on
Professional Relotions ofthe American
Chemical Sociery.
Here is the first volume of its kind to cowr
an enlire spectrum of legal rights of chemists
and engineers and the plObl~ms they
~ncounler as professionals.

~~~~~eeU~~~I:h~h~lr~~II;~~~;~I~~!r~rs
legislarion currently before Congress.
suggesled neu.' leglslalion. and L'XlenSlV"
bibbographies whICh permll Ihe u~adl'r 10
pursue parucular areas of interest

The coUeclion contains a great deal of n\.'\l,.'
informatIOn and dala useful 10 unIVersity
chemIStry and enginei'ring depanmcnls.
13"" schools. patent anomC).-"S. medICal
sdenhsts. archilecls and techrucians.
chemical process companies. and
professional associal}()ns

CONTENTS
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grams to automatically monitor peak,
and ~tore the associated mass spectra
un tape for seurch against severat
identification libraries. are available.
Perhaps the two most useful pr0l'l:rams
are the selected ion monitQring pro·
~ram and un-line search program. The
81M proKram monitors 1-6 ions simul­
taneously during the course of the
chrumatoKraphy, after which it can
plut chromatoKrnms of all of the ions
monitored, inte~rate the areas of
peaks, normalize the areas to anyone
peak or to the sum of all arens, nnd
print n quantitative report. This' pro·
~rnm is most useful for quantitative
analysis of samples from drug uscr~.

The nil-line search program ()pernte~

in rcal time. Whenever a GC peak is
detected, its mass is immediately cor­
rected for hackground, recorded un
tape, and searched against a library
slored in core. This is accomplished
rapidly enough lhat, in the event of
a match, the retention time, the name
of the compound, and the peak height
are recorded direclly on the chromalo­
gram as the peak is being eluted. The
syswm also has a diagnostic program
to aid the user in l>erforming in-house
maintenance.

Another convenient program is the
Autotune program, which automati·
cally calibrates the mass spectrometer
and optimizes sensitivity and resolu-
t ion. This is accoml,lished by inlro­
ducing (aulomalically on the B series,
manually on the A series) a calibration
gas. perfluorolribulylamine (p~~rBA).

Subsequently, the software automati­
cally establishes correcl ,"ollages for
ion source, mass analyzer, and detec­
tor components and then optimizes
for resolution and sensitivity at select­
ed high and low mosses.

Hcwlett·Packord's innovati\·c de­
sign. which has subslanlially reduced

·the complexity of moss spectrometry,
places the entire mass spectrometer
on top of a Slandard GC and makes
it essentially n hi~hly sophisticated
GC delector. This has made this sys­
tem lhe least expensive of all GC-MS
instruments. Nevertheless, this design
has a major drawback in that it makes
it impossible to utilize chemical ion­
i7.8tion. Allhough this may present
difficulties in the analysis of cerwin
compounds that do not render molec­
ular ions with electron impact ioniza­
tion, the simplicity. compactness, Dnd
low cost of the syKtem make it very
useful for selected applicat ions.

Du Ponl Dp·102

The Du Pont 01'-102 has the capa­
bilities of an advllnced analytiCllI mass
spectrometer but. due to illl.implicity
Dnd ease of operation, should prove
to be useful in the c1inicallaborntory
environment. As shown in Figure 6,
the syKt.em iK housed in two seJlarate
modules, one for the gas chrornuto:
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approach enablel it to handle
fealure exlraction tad.• olher
IYlleml are incapable of. luch II
dllllnlnK cell houndarlelln a non­
uniformly .lalRed umille.

:~~IJ~:I~~n;;'~~~.~f~~~~~hetlll.
parllcln. The MaHllcan hili .n
everwrowinglibrary of luflware
for toda)'11 problem und Iwopen­
elided polenthtllor further

. lull wore develupment.
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6005 Norlh Freeway
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graph and mass spectrometer and the
other for the data system nnd com·
puter/plotter. The GC-MS incorpo·
rates a number of features that war­
font further discussion. The gas chro·
matograph accommodates both
packed and capillary columns and of·
fers a separate nome ionization detec­
tor and on automatic sampler as ac­
cessories. Fur high-resolution capabili­
ty, a special capillary column accesso­
ry (not shown) admits gas coaxially
at the end of the column to minimize
loss of capillary column liquid phase
and to maintain maximum sample
transmission and GC resolution
through the jet separator. Convention­
al ca!,illary inlets that allow entry of
sample directly into the ion source con
lead to decreases in operating efficien­
cy and to increased maintenance. As
previously indicated, the DP·102 uti·
lizes 8 jet. separator to remove carrier
gos. This system offers chemical ion­
ization os well as electron impocl ion­
ization, and reagent gas for CI con be
introduced automntic.o.lIy under com·
puter contro1. The tip of the direct in­
sertion probe forms an integral part
of a novel rejuvenating ion source that
will be discussed in more detail later.
The probe. which can be automatical·
ly inserted into the ion source under
computer control, ensures that all vac­
uum volves are operated in proper se­
quence and thereby prevents acciden­
tal loss of vacuum. The probe can also
be temperature programmed to per­
mit microdistillation and MS analysis
of relati\'cly unstable solid substances.
The mass analyzer uses a 58° magnet­
ic sector Dnd scans with rapid acceler­
ating voltage changes to achieve linear
separation of masses. The magnetic
analyzer is used because of its theoret­
ically increased sen~itivityand resolu­
tion at high masa. This system is capa­
ble of scan speeds approaching 1000
amu/s. A unique electron mulliplier/
computer interface provides a dynam­
ic range of 10" (significantly larger
than even most research mass spec­
trometers). This makes it possihle to
detect small peaks accurately in the
prescnc~of major components without
saturating the data system on the
large peaks or sacrificing sensitivity
on sm.1I peaks. Consequently, it is
possible to use a single internolstnn­
dard concentration for 0 vcry broad
range of sample concentrations, there­
by eliminating the need for sample
dilution or repeat analyses at different
instrumental settings. The dala sys­
tem consists of an interactive key­
board control center and cathode·ray
tube (CRT) for display. The dedicated
minicomputer has 64K words of direct
memory and a high·capacity disc stor­
age capability of 20 megabytes. A Tek­
tronix hard-copy unit can reproduce
images displayed on the CRT.

Perhaps one of the most unique fea·

MODEL 707
• Accomodates up to 19

sample size
• 1 nanogram sensitivity

with dynamic range of 1()6
• Extended range accessory

(Model 732) allows combined
nitrogen in percentage range

• Uses proven chemiluml·
nescent detection principle

• Microprocessor controlled for
greater stability and
repeatability

• Programmed temperature
parameters

• Handles from 5 to 120
samples per hour

A FAST, EFFICIENT ALTERNATIVE TO KJELDAHL. ..

The Microprocessor Controlled
MODEL 707 Provides
Nitrogenl Protein
Analysis ...
In as Little as
30 Seconds!

Come to Barnes
for analytical accessories.
You~1I be in good company.
Analytical accessories are a Barnes specialty, the only spec­
troscopy products we make. We deliver promptly, off the shelf,
analytical accesories compatible with Beckman, Perkin-Elmer,
and other IR spectrophotometers. Windows, liquid and solid
sampling items, gas cells, reflectance units, and much more.

Barnes quality, too, is compatible with the best. But the prices
are a little lower. Because we have a special department that
makes a big deal out of accessories, while for others it's only

a sideline. o~,
Solve your accessory problem toll free , ~~~.~~

(800) 243-3498. Or in Conn. (203) 348-5381 ~~~v~~v~ "
Barnes Engineering Company ~O O~ ~«; 7'o.v (- ,
30 Commerce Road. Stamford. Conn. 06904 ....~ <c ,~ ~~<l-~ ~'?o
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SIEMENS

In X-ray spectrometers, cost-effectiveness
is far more important than cost.

There's no arguing. The SRS 200 is
the most cost~Hectivesequential
spectrometer on the mar1<et today.

Depending on model. it can
accommodate up to 80 specimens.
And irs specially designed for
full automation.

It analyzes solids in any
configuration. powders and liquids.
For all elements from fluorine to
uranium . .. in standard concentrations
from 0.0001% to 100%. And. with
special sample preparation. trace
analyses in the ppm or suD-ppm ranges.

Control it with your own computer
.. , or with our f1oppy-<lisk-oriented

system. Either way, you can feed it our
software packages for sophisticated
data manipulation and the latest
correction methods.

The computer also controls the fiNer
aperture changer. and X-ray tube
power selting. A 1Q-position sample
changer is standard.

The SRS 200 has a 4-KW output
generator powertul enough to operate
two tubes simultaneously. So when
you're ready to expand. you've got
buill-in economy.

It also features a detector pulse
spectroscope lor initial setup and
observation of the pulse-height

selector. And an X-ray tube that can
be changed in five minutes.

So next time someone talks
about cost, ask him to talk
about eHectiveness.

For complete information on the
SAS 200. use the reader-response
card. For more inlormation on our full
range 01 X-ray ana!yze<S plus a free 30
x ~nch. lour-<:olor wall chart 01 the
X-ray periodic table 01 the chemical
elements. call or write Mr. Pedro
Arredondo, SIemena CocpoqlIoft.
2 Pin Oak Lane. Cherry Hill, New
Jersey 00034. (609) 424-9210.

....----'-.··L
, , 'Oo!j!-
, , • - I

Siemens SRS 200. A little more the day you
buy it, but more for your money for years.
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Figure 6. Schematic representation of DP- 102

lJ.Sh.ped Gas
Chromatograph Column

Ultratrace Metal
Analysis in Biological
Sciences and
Environment
Adv.ances in Chemistry Series No. 172

Terence H. Risby. Editor
Pennsylvania Stare University

A symposiur.J sponsored by the Division
of Analytical Chemistry of the American
Chemical Society.

With the improved sensitivities of current
analytical techniques (inductively
coupled plasma. atomic absorption and
atomic emisskm spectrometry. and
neutron activation). knowiedge of the
roles of rr.etats in biochemical processes
and in the environment are continualty
expanding.

This new book contains significant
research reports on the collaborated
eNorts of biochemists. environmental
chemists. and analytical chemists who
are studying metal concentrations in
biological organisms and in air. water,
and soil.

tures of the system is the ion source.
Figure 7 sho":,, a schematic represen­
tation of the major components. This
unique design enables the user to re­
slore the conductivity of SOurce ele·
ments automatically without remov­
ing the source. In this process, argon
is introduced through the CI reagent
gas inlet and ionized in a manner anal­
ogous to chemical ionization. The
argon ions are attracted 10 the gold
probe tip and cause it to sputter gold
atoms that, in turn, coat the critical
source elements. This gold plating of
the critical surfaces restores sensitivi­
ty and resolution. Perhaps the most

common cause of decreasing perfor­
mance characteristics for most mass
spectrometers is the deposition of in­
!mlating layers of organic malter reo
suiting from both samples and column
bleed onto critical surfaces of the ion
source. The process therefore greatly
decreases the frequency of laborious,
time-consuming cleaning procedures
and minimizes disruptions in labora­
tory schedules.

The design of the ion source also
contributes to the speed !It which the
instrument can be switched from El
to CI modes. Since tuning and calihra·
tion are maintained in chaoKioK ion·

CONTENTS
Trace Element AnaIys4 on NutntlOn • h4un.elemerrt
AtWy$c$ WIltI Rf·tCP • Heallh~ •
~"'8IoIogoC&lloCalefla!s.AnatysAc:1

PartlC\&ale Mall. tot Meals • Aorbome Me"~
EAemeru • NC*8-1nOuceO lranslormatlon on Tl$$Ue
~e.Trace6e~I'lUrlne.lJrc::,"

Soochrernal Proatues.~. Lead Copper.
and Iron I'l Sou Wa:er Oenvecl 5atnPes • Sources 01
Me~Is .... !he AtmosPhere. Bacaus subtiJ<5 Su~ 168
• Zone: .. Hl6nan$ • Serum Copper ancI Aqe

263 pages (1979) Clothbound $36.50
LC 78·31903 ISBN 0·8412·0416-0

SIS/American Chemical Society
1155 16th St.. N.WJWash.. D.C. 20036

........... __ CCIpH 01 No '71 UItI.tt.c;.
~~ IACH 0416-01 at $36.50 p@fc:opy

i: Chedo. endo:5ed lrot $_ __ =8lIl me
PostPMI.., U.S. and c.nada p6l.c 75( etse-here
~,~p6eUe add e.... stale use YI__...
----------
"''''''''- --'sw.

Figure 7. Detailed representation 01 DP-102 rejuvenating Ion source
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fROM SHIMADlU
Shlmadzu, one of the largest and oldest manufacturers of gsa chrornatographa
In the world, offers a new line of unique gsa chromatograph ayatema featuring the
utmost In accuracy,versatlllty,speed,performances,and efflclency at a price an,­
one can afford. All Shlmadzu GC usa the latest technologies to enaure simple
maintenance and maximum reliability. When,ou think of GC, think of Shimadzu.

Chromalopac C-R1A
Recording Data Processor

Other chromatograph data processors can calculate
common standard calculation routines such as area
normalization. normalization with response factors. external
standardization and inlernal standardization. but only the
C-RIA goes a step further and calculates calorific value.
steam pressure. liqUid specific gravity. deviallon Irom
a standard value. mole density (%)-weight density (%).
and other lactors Irom the results of these calculations.

Other outstanding features of the C-RIA include
a thermal printer planer for chromatograms and data
recording. recording 01 the names of compcnents. recOfding
of up to 339 peaks. measurement 01 ~ak-top height Of
average height. all-new grouping functior.. and sell-diagnostIC
function. These leatures not only ensure fast. precise
analysis. bul also Iree the chromatographer Irom
troublesome. lime-consuming manual calculations
lor more important work.

GC-.vINI2 Gas Chromatograph
This surprisingly light weight. compact GC system

has the pertormances of much Iatge< more expensive
systems. Dual column flow and on-colllMlon·detector
system ensure excellent stability. high sensitivity. and perfect
accuracy. Flow rates and pressures of the gases can be
easily measured using one·touch connectOfS and flow
monitors in the gas flow lines.

Unique oven temperature control system maintains
the oven at room temperature. even when the injec1ion pat
temperature is high. Contamination·free name ionizalion
detectOi' exhausts the vapor from the name direclly Irom
the Jet 10 a cylindrical ion collectOi' and vent at the top.

GC·..,Nl2 easily disassembles into fOlX main
modules-column oven. injection porVdetector, IIow control
unil, and electric control una-10i' quick. easy maintenance.
The electric control unil further disassembles inlo six
sub·unils. thus simplifying maintenance SliD further.

Add lhe GC-7AG and GC-6AM

and you have a complete ~~~~lIIiiii
system capable 01 meeling r
your ever chang"'9 GC needs.

Be-BAM
CftIIIIIIas'--__

• Write tocMy frx more Infrxmatlon on these and other Shlmadzu labor and cost sav/nfllnslruments.
S ... IMAOIU SCIENTIFIC INSTRUMENTS INC. . .
SHIMADIU i[UHOPAJ GmbH

SHIMADZU St.ISA~USUOLTD. ~ . . . , .,
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.........-II!! T
Du ....

G)
1Jp·102

M.....ln./yzer MagneUc

"'0 sector.- ionization made EIaclron Electron Impact and

::s ~ c:hemIcal IonlzaUon
Source renewal Opan IYlIIam and Aut"""Uc SOU'ce

~i~~~
'repIace source rejlMlnaUon

Separator 'IMI Jet separ.tor
). rnamllr-

Mass range (emu) 10-&00 400 1000

Max scan rate 1100 150 1000
(amJI.)

f'Io11Klown time 60 "80 45 (10 min with
~ ... , (mln) turbomoleC<J1ar pump)

Con1>u\er storage 32K (core) 31K (core) 64K (core)
250K (lapel. -(tape) 20 OooK (disc)

Cost (S) 49500 60000 135000

MOST
USED
...because
It's most
usllUl.

The annual ACS
LabGuide is the
definitive directory to
scientific instruments,
equipment, chemicals,
seNices, books, trade
names, manufacturers
and their sales offices.

It leads all others in
editorial pages, in
advertising pages, and
in reader usage: more
than 70,000 Inquiries
every year.

i7.ation modes, switching from,E1 to
CI can be accomplished almost in·
stantly (6 5) either under computer
control or bv direct instruction from
the keyboa;d. The system can thus
produce EI and CI spectra on the
same GC peak, thereby giving both
structural und molecular weight infor·
mation.

Due to the speed and capacity uf
the data system, the DP-I02 provides
s variety of useful software routines.
Like tbe Hewlett-Packard 5992, the
DP-I02 offers a cumputer-directed
tune-up procedure. Unlike the 5992,
howc\'er. this tune-up procedure is not
fully automatic, and the operator reo
tains control. Nevertheless. the proce­
dure is as rapid as the fully aulomalic
methods and takes only a few minutes
to complete. The procedure simulta­
neously optimizes resolution and sen­
sitivity for EI as well as CI. The sys­
tem can acquire and store mass spec­
tra conventionally, perform SIM for
up to 9 ions, and can do a combination
of continuous scanning and SIM. The
latter approach makes possible pre­
sumptive searches at high sensitivity
in selected areas of the chromatogram
by SIM while allowing ror full search­
es in other areas uf the chromatogram
where unknowns may elute. The sys­
tem provides real time displays and
on-line searches against a library of
more than 31000 spectra so that
peaks can be identified as they elute.
Various display formats are available
and can include as many as four sepa­
J:ate chromatograms or operations
(e.g., total ion chromatogram plus one
or two selected mass chromatograms
plus a selected mass spectrum) and a
library search. All of these can be list·
cd on the same printout.

As a result of its high capacity data
system and overall system flexibility,

the DP-I02 competes effectively with
the most advanced rcs('nn'h muss
spectrometers. It is more costly than
the other systems rliscussed here. but
for the use~ whu requires the addition·
al flexibility. it pruvides many cunve­
nient and useful features.

Summary

Key characteristics uf tht:' thrct:'
GC-MS systems nre detailed in a cum­
parative format in Tahle l. As with all
instrumentatiun. the potelltinllahorn·
tory user must consider his present
and future analvtical needs JlS well us
the performance capahilities. design
compromises, and price uf the equip­
ment.

Clearly. the two lower-cust systems
(HP and Vitek) fall into a separntc
category from the Du Pont, bused
solely on the size of the lahoratory's
budget. The Du Pont instrulllent illus­
trates the additional nexibility that
can be ubtained in GC-MS and the
price increment required. In particu­
lar, the availahility of chemical ioniza­
tion in an automat.ic mode with thi~

system provides for case of operation
and increases the analytical sensitivity
to larger molecular wci~ht ions. Duta
storage and reporting mudes ore ~reat­

Iy enlar~ed nnd provide Illure exten·
sive scorch cnpuhilities for identifica­
tion uf unknowns. Automatic source
rejuvcnution and numerous uther con·
venience features nre included in the
package.

The only system desi~ned specifi·
cally fur c1inicallaborotury nnalytknl
applications is the Vitek Olfnx; yet,
it ret.uins most of the classical capahil·
ities of GC-MS systems. The muss
ronge limit is lowest (400 amu) nnd
the maximum scan rute is Icust (Ifto
amu/s). Nevertheless, the Olfnxs erfi­
cient use uf the probability-hased
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Kewaunee 1IIIn-II'·Auxiliary Air System

Ptoase write for our "Precasion Microlitnt
Syringe" catalogue.

'ectlve way to upgrade the perform­
ance of eXlstlng fume hoods-the
HOODAIRE AuxIliary A" System.
UtilIZing a unique patented design.
the HOODAIRE System reduces the
loss of expenSIve conditioned air by
as much as 700

0 while. at the same
lime. It substantially Improves fume
hood safety It readily adapts to most
eXisting laboratory fume hoods. and It
can provide a complele range of Im 4

portant safety features

For complete Informallon. call or
write

And that is really something to smile about.

Are you in;ecting 2 or 3 IJI samP'es. or even less. using 8
10 ~I syringe and experiencing traditional diffICulties of

bending plungers and fixed needles? Not to mention
kJss of accuracy due to doubtful short-scale readings.

The SGe 5 ul'tu~~~~~~~~r~Ro~I~n;t

The illustrated !)A·RN·GP syringe has an extended
barrel end reinforced plunger plus a leaI<·free
removable needle whICh combine to give the

syrin~:.tl~~~c:,~=~~~~a~t~~
available in 10. 15 end 2S ~I V8f$ions.

Sampling 2 or 3 pl.
is no laughing matter.

U.S.A OttK:.

=t:::.=::t. s-: ~.
A..."". h .... 1VltUS,A
h4I!oI1'lIJ/l19IJ

CIRCLE 128 ON READER SERVICE CARD

I~ ~~e~~c~,~~c~
Me:al FurnIture DI'JlSlon
Adtlan MIchigan 49221
Pnone 51 i 263-5731

MoSI manufacturers now offer-and
strongly recommend-fume hoods
with Integral auxilIary air systems to
reduce the loss 01 condliioned air
exhausted through laboratory fume
hoods. But what about laboratorIes
wIth several eXlsllng non-auxiliary air
type fume hoods' Are lhese facilities
to be forced 10 scrap thelf present
equIpment In order to meet higher
velOCity requirements and avoid the
Increased energy costs'

To solve thiS problem. Kewaunee
now offers a practIcal and highly et·

• Upgrades the Performance of Existing Fume Hoods
• Reduces Energy Consumption
• Improves Laboratory Safety

European Offic.

::;"~~c,.~~"f:~~~"AY
G.... am....
1.,01.'16......

Head Office
Sc"'lofoc:a...lIl~"'llI'I,lld.
l11""cMnS'.N<H1""'~__._l
A...I,'"
I~I lUll U'Jli6JJ

\

~
' ,-

~~J'-

.--"""-
Scientific Glass Engineering Pty. Ltd.
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mal<:bing technique permits its sue·
cessful application to lbe analysis of
a wide variety of drugs and other bio·
logical compounds in complex matri­
ces and under conditions in which
they may not be totally resolved by
the gas chromatograph.

The Hewlett·Packard product is a
higbly efficient, compact GC-MS that
offers considerable performance at the
lowest system price. The system in­
cludes HP components that have been
previously utiJized in other applies·
tions (e.g., the gas chromatograph and
calculator/plotter). The unique con­
struction of the diffusion pump and
mass spectrometer components pro­
duces a compact and convenient over­
all instrument design. and the only
major disadvanlage is the inability to
use chemical ionization.

We expect that other manufacturers
will note the opportunities for special·
ized GC-MS systems and that new in­
struments will be introduced wilh
competitive features. More wide­
spread application of GC-MS tech­
niques in the fields of clinicaltoxicnlo­
gy, therapeutic drug monitorin~, fo­
rensic analysis, and anolysis of envi­
ronmental toxic substances shuuld he
expecled.
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Rheodyne simplifies
LC sample injection again.
We made the best injector
even better.

THE LC CoNNECTION COMPANY

at
AHIOD!lNI

New 8ulomatic model.
Our automalic Modet 7126 combines the new

7125 WIth pneumatic actuators and time-ot-injection
SWitch so you can use II In automatic LC systems, .

Compact. Sturdy. Reliable,
May be used in the manual
injection mode anytime '
you wish. Price is $780.

Get the detlIlls now.
Contact Rheodyne Inc..
2809 Tenth Street. Berkeley.
California 94710. Phone
(415) 548-5374.

Rheodynes Model 7120 Synnge Loading Sample
Injector has carved out an outstanding reputallon
in the LC field Last year sales more Ihan doubled
People seem to think Irs the best around - and we
modesllyagree Now we've made II even beller - With
new fealures that make sample Injecllon Simpler
than ever belore,

Flushing now unnecessary.
With the Improved valve, Model 7125. the entire

contents of 1I1e mlcrosynnge IS Injected InIO the sample
loop and flows to the column No sample IS left
behind in the valve, Consequenlly. you don't have to
flush the valve between injections unless you're
doing trace analysis,

Further improvements.
The needle seal is now self adjusting, An optional

switch signals time of injection. And mounting panels
tor LC systems are available,

Our new Model 7125 replaces the popular 7120
in all applications Does all the 7120 does and more,
Has the same mounting dimensions. Price is $540.
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LABORATORY SERVICE CENTER

EASTERN CHEMICAL BOX 2500 K
D..",on of GUARDIAN CHEMICAL CORP HAUPPAUGE. N Y. 11787

p-Aminobutyric Acid • Ammonium Pyrrolidinedithiocarbamale • Anisoin
Cesi~ Chlortde • 5-Chk>foanttvanilic Acid • 2.4-Diaminophenol DiHCI

Oichloroacetic Acid • 1.4-Oichlorobutane • N.N-Diethylformamide
2,3-0imercaptosuecinic Acid • p-Oimethylaminobenzaldehyde • Esc~ljn

Ethyl Pyruvate. Gallocyanine • O(-)Glutamic Acid. l(-)Malic Acid
Malonic Acid. a...Naphtholbenzein • 0-. m- & p-NitrobenzakSehydes
Potassium Acid Phthalate • 2-Pyridine Aldehyde • Sodium Pyruvate

Sodium-{:1-Hydtoxybutyrate ~ Tetramethylammonium Chloride & Hydroxide

Write for OUT Products List of over 3000 chemicBls

Tel: 516-273-0900 TWX: 510·227·6230

H
1254 Cheslnul S'reel
Newlon. MA 02164

Problem-Solvers
in OrganIc and

(617)244.9222 Polymer Chemistry

SOLVENTS-Highest Purity
Call or write for prices.

PoDard &Co. BOI 7131 W"oInington, DE
19803

Phone: 302-656-OO6lJ

LaborAlory Sfly~. Center (EQuipmenl, Materials. Services, Instruments for

lAB SAFE"Leasing), Maximum space - .. inches per advertisement. Column width, ~-

3/16"; Iwo-column widlh. .....9/16". Artwork accepted. No combination of dr-
rectory rates with ROP advertisIng. Rates based on number ot inches used Send for 1979 Catalogwithin 12 months 'rom date 01 firsl insorlion. Per inch: 1" - S69; 12" - 568;

LAB SAFETY SUPPLY CO.24" - 565: 36" - 564: 46" - 563.
P.O.Bo. 1366. J......n... WI 53545

CALL OR WRITC BARBARA AUFDERHEIDE

ANALYTICAL CHEMISTRY USE
25 Sylvan Road, SO. LABORATORY
Westport, Cl. 06880 SERVICE

203·226·7131 CENTER
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Introducing the NEW
ER·200 SERIES 0
EPR SPECTROMETERS

FOT complete informatIOn. calJ or write:

FEATURING:

BRUKER INSTRUMENTS. INC.
Manning Park, Billerica Mass. 01821

Phone 16171 667·9580

Old Mill QUlce CompleJo: 2410 DunwlO Drive, Unit 4
201 So1n Antonio Circle, SUIte 152 Ml5515sauga. 01'1.. Canada L5L IJ9
Mountain View, Calif. 94040 Phone (4161 828-2830
PhOlle (415) 1)41·3804

CIRCLE 22 ON READER SERVICE CARD

539 Beall Avenue
RocKVille. Md. 20850
Phone (301) 762·4440

• NEW high power microwave bridge: 200 mW leveled power, 600 mW max.

• NEW high dynamic range option with dual digitally-programmed rotary
vane attenuators

• NEW directly measured digital microwave power readout

• NEW 100 kHz/12.5 kHz modulation channel with 2nd harmonic at both
frequencies for ST·EPR

• Digitally controlled time base for slow sweep and built-in rapid scan unit

• TM mode cavity for high sensitivity

• Modulation synthesizer option tunable from 1 kHz to 999 kHz

• High temperature resonator system

... and many features available only from BRUKER including
the best commercially available ENDOR accessory made.
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chemistry

Cleaning Our Environment-An Update
The ACS Committee on Environmental Improvement has issued a Dew edition

of its report "Cleaning OUf Environment" with the subtitle "A Chemical Per­
spective" as a follow-up to its 1969 report, subtitled "The Chemical Basis for
Action". In an AC editorial in November 1969, the recommendations contained
in the report were examined from the viewpoint of their analytical implications.
Of the 33 recommendations. six were specifically directed to research in ana­
lytical chemistry and instrument.ation. while many others had direct or indirect
analytical components. It was clear in 1969 that to make signiricant progress in
implementing the recommendations it would be necessary to include a great deal
or highly competent analytical work, bolh as a service function and as research
and development in its own right.

The new edition differs markedly from the old in devoting a separate chapter
to Chemical Analysis and MonitorinK, rather tha.n scattering this material
through the various sectidns on air, water, solid wastes, and pesticides. In this
chapter, recognition is given to the accomplishments of analysts in refining ex­
isting techniques and to developing new methods for identifying and measuring
previously unsuspected constituents of the environment. At the same time, it
is acknowledged that "progress in environmental measurement has been slow,
in part because of the persistent shortage of specialists in the field. Analysis too
often is treated as a secondary activity and assigned to unqualified personnel.
One result has been masses of environmental data that frequently are useless
for the intended purposes."

Four recommendations in this chapter deal with the needs for additional
fundin~ for training: in analytical chemistry and for research and development
on new and improved analytical methods. Analytical scientists are urged to take
the initiative in quality assurance of environmental analytical methods, and to
g-ive balanced attention to two types of techniques, namely those aimed at specific
compounds and those' aimed at classes of suhstances. Simple, low-cost methods
suitable for mass application arc to he preferred. Many of the recommendations
in other chapters also involve analytical methods and instrumentation.

The ACS Committee on Environmcntallmprovement has appointed a Sub­
committee on Environmental Analytical Chemistry with Dr. \Vanen B. Crum­
melt of Dow Chemical Co. as Chairman. The goal of the Subcommittee is to set
forth the minimum criteria for the validation of an environmental analytical
method. Brief st.ntcmenL~ concerning sampling and sample handling. calibration
and standardization, measurement validation. data handling, and establishing
acceptability are to be formulated. This action should constitute an important
initial step toward improving: the usefulness. credibility, and reliability of en·
vironmental analytical data.
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Surface Analyses by a Triboelectric Charging Technique

Harry W. Gibson,· John M. Pochan, and F. C. Bailey

Webster Research Genter. Xerox Corporation, Webster, New York 14580

A device lor measuring trlboelectrlc charge exchange Is
described. Trlboelectrlc charging Is a surface phenomenon.
II Is sensilive to the chemical (molecular) structure of the
surface. The ulllily 01 the technique for detection of surface
contamination by mass transfer and 01 chemical transfor­
mations of surfaces Is demonstrated by description of several
examples. Not only can such changes be detected, but by
a knowledge of the relationship between ..-ctrIc charging
and molecular structure, deductions as to the nature of the
new surface apecles can be made.

Triboelectrification is a well known phenomenon (1,2). It
is essential in the processes of xerography (3, 4), electrostatic
painting (5), and electrostatic separations (6), among others
(6-B). While most of the work on triboelectric charging is
directed toward these ends, the sensitivity of triboelectrifi­
cation to the presence of foreign species on the surface also
offers the opportunity for its utilization in analytical tech­
niques for surfaces. The present communication describes
the utility of triboelectrification to detect surface contami­
nation in one system in some detail. Then several examples
of the sensitivity of the technique to chemical alterations of
surfaces are discussed.

EXPERIMENTAL
Triboclectric Charging Measurements. The device of

Figure 1 was employed. The angle of the incline was 45°. The
drop height from the hopper to the fUm was I em. The path length
was 7 inches. The hopper of I-inch width was centered on the
width (4 inches) of the film. The electrometer was a Keithley
Mode161OC (solid state) operated in the fast feedback mode on
the 10-< coulomb scale. A Mettler PI200N balance was employed
for mass measurements. The entire setup except for the elec­
trometer was housed in a dry box maintained at zero humidity
under a positive pressure of air passed through several drying
columns_ Films and beads were dried as indicated in the vacuum
antechamber of the dry box prior to examination.

Film Preparation. Films were cast from solutions as indicated
by use of a motorized Gardner Laboratory draw bar coater,
typically with 10 wt % solutions and an B-mil draw bar.

Metal Beads. The lOO-~m nickel berry beads were obtained
from Sherritt-Gordon Co. The IOO-~m steel beads were scquired
from Nuclear Metals Co. All beads were washed, dried and stored
as per Table I.

Organic Materiala. J. Yanus of Xerox Corporation supplied
a sample of bis(4-diethylamino-2-methylphenyl)phenylmethane
(I). General Electric Co. supplied Lexan 145 (2) in pellet form,
which was precipitated once from chloroform into methanol prior
to use. R. L. Schank of Xerox Corporation provided a sample
of acetone oxime blocked toluene·2,4·diisocyanate (51. At
temperatures above 110 ·C, this blocked diisocyanate efficiently
reverts to acetone oxime and toluene-2,4·diisocyanate (9). Dow
666U polystyrene that had been precipitated once from tetra­
hydrofuran into methanol was employed in the oxidation ex­
periment. For the sulfonation experiment, a free-standing film
of Dow Trycite, type 1000 was used.

Reaction of Blocked Diiaocyanate 5 and Copolymer 7. A
flim was prepared as described above from the following solution:
0.4751 g of7 (0.288 mequiv of hydroxyl) (10),0.498 g of 5 (0.312
mequiv of isocyanate groups) and 10 mL of THF. The film was
dried at room temperature in vacuo for several hours. Then it

Table 1. Effect of Exposurec to 1 on the Chargingb of
Metal Beadsc vs Fresh Lexan Filmsd

bead charge (nC/g)"

clean bead bead exposed clean bead
bead (1st) to 1 (2nd) (3rd)

100'~m + 1.24 • 0.09 - 1.32 • 0.05 + 0.595 • 0.055
nickel
berry

100-~m - 1.64 • 0.13 -2.86, 0.15 -2.10.0.16
steel

C Exposed by cascading clean beads once over a pure
film of 1 on cascade device (Figure 1). Film of 1 was cast
from 10 wt % CH 2 C1 2 solution onto brush Rrained alurni·
num using an O.OOS·inch draw bar; dried at 25°C, 1 mm
Hg for 48 h. Thickness - 20 101m. 0 Charging measure·
ments on cascade de\'ice of Figure 1 at zero humidity_
C Washed successively with n-hexane, acetone, water,
methanol, methylene chloride, carbon tetrachloride,
chloroform, and diethyl ether; dried at 45°C, 4 mm Hg
for 64 h; 25 GC, 1 mm Hg for 6 h; stored in grounded
capped aluminum bottles in dry box at 0% relative humid­
ity. d Films cast onto brush-grained aluminum substrates
using 10% by weight methylene chloride solutions and
0.008-inch draw bar; dried at 25 ·C, 1 mm ror 16-63 h;
thickness - 20 101m. Fresh in this context means that the
film has not been contacted with anything prior to the ex·
pcrimcnt. C Average of 3 to 9 determinations (2-8 g
each) ~ standard deviation.

was heated in an oven at 185 °C incremental)', After each heating
period, the triboelectric charging capacity of the rUm was de­
termined.

\Vhen this reaction was carried out on an NaCI disk, the in·
rrared spectrum underwent a sharpening and increase in intensity
of the 1715 em-I (C=O) peak, loss of the 3360 em- l (OH) peak,
and slight enhancement of the weak 3420 em- l (NH) peak.

DISCUSSION

TriboelcctriCication Measurementa. The device used
to measure the triboelectrification is shown in Figure I. It
consists of a grounded inclined plane. A flim of the aubstance
to be examined is mounted on this plane. TypicalJy these films
are cast from solution onto an aluminum sheet, but free­
standing films can be used. At the top of the incline is a
grounded metal hopper which contains metal beads. The
metal beads are allowed to cascade down the film and are
caught in a metal receptacle isolated from the surroWldings
by a metal Faraday cage. The receptacle is not grounded but
rather is attached to an electrometer, which is used to measure
the charge on the beads. By measuring the mass of the beads,
the charge to mass ratio (Q/M) characteristic of the film and
metal bead is obtained. Q/M is independent of mass over the
range of masses employed. The device is an adaptation (lI)
of an apparatus previously reported (6). Good reproducibility
is generally obtained with the device. For example, using six
Laxan polycarbonate films nn aluminum substrates and four
to seven individual charging determinations on each film, the
average charging value was +1.11 ± 0.14 nanocoulombs (nC)
per gram of 101l-j.m diameter nickel berry.

Our experience of eight years of auch measurementa in­
dicates that the precision of the technique 88 estimated by
standard deviation is 10% or less of the average value from

0003-2100119/0351-0483$01.0010 C> 1919 Amor1can Chomlcal5ocloty
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Figure 1. Device for measurement of trlboelectrlc charging

film to film. For a given film the stondard deviation is usually
less. on the order of 5%. except for very high (>10 nC/g) or
very low «0.2 nC/g) charging levels. where standard devi·
ations of 10% are more usual. Variations in the metal beads
from bateh to batch can be large, presumably due to varying
surface oxidation, etc.

The depth 8llmpled by the measurement will most likley
vary with the magnitude of the charge. Moreover, the in·
fluence of a particular species is expected to vary exponentially
with its distance from the surface contacL Nonetheless. some
idea of the depth probed can be gleaned in specific instances.
In the case of steady state charging, depths up to 4 ~m in
polystyrene are probed (12). In the apparatus under discussion
here, however, very short contact times (..... 10 5 s) are involved
(13) and the quantity of charge is viewed as a kinetic pa·
rameter. Therefore, the depths involved are probably much
less. In the cases of polystyrene sulfonates and bare metals,
the depth probed is about 1.5 ~m (14). In systems such as
those under discussion here. depths of less than I ~m arc most.
likely involved.

One of the problems encountered in the study of tribo­
electric charging of organic solids has been the lack of cor­
roborative techniques. Few techniques have the requisite
sensitivity. One which does. though it probes a shallower
sample depth. is ESCA. In a study involving selective surface
enrichment of a two-component system. ESCA and the tri­
boelectric charging technique described herein were shown
to be equally sensitive when conditions were such that probe
depths of the two methods were similar (15).

The presence of water vapor can affect the charging results.
presumably because it is adsorbed onto both surfaces involved.
the metal bead and the organic film. For example, the charge
acquired on lOO-~m steel beads by cnscnding them over a film
of poIy(p-nitrosyrene) increases from +1.8 nC/g at zero
humidity to +3.1 nC/g at62% relative humidity and decreases
to +1.4 nC/g at 100% relative humidity. In some cases,
charging increases with increasing humidity, while in others
it decreases. In some cases. effects are larger while in others
they are smaller. For these reasons all of the experiments
herein were performed under dry conditions.

Our interpretation of triboelectric charging is that it involves
electron exchange between the two bodies (16). Therefore,
it is dependent upon the relative solid-state energy levels of
the two bodies. This is shown schematically in Figure 2. For
a metal, the Fermi level dermes both acceptor and donor levels.
For an organic solid. acceptor states may be identified as being
derived from lowest unoccupied molecular orbitals and donor
states from higbest occupied molecular orbitals. Inasmuch
as solid-state energy levels of organics are generally related
to gas phase or solution phase isolated molcculnr energy levels
by tbe relatively constant polarization energy term (l7).

METAL A' &: < 6r:; .·.ORGANIC CHARGES NEGATIVELY

IniO/lol) a6£::
METAl B' M:~ < 6E~ :.ORGANIC CHARGES POSITIVELY

In(OIM) a.oE;

FJgure 2. Relationship of molecular orbital energy levels. metal Fermi
levels. and trlboelectric charging

loO...l"'l

Figwe 3. Triboelectric charging as a function of composition of films
01 bls(<kllethylamino-2-methylphenyl)phenylmethane (1) and Lexan
polycarbonale (2). (Mole per09ntages delermlned on the basis of the
repeal unk of 2)

relative charging tendencies of organic solids have been shown
to be related to such gas or solution phase energy levels (IB.
19). Since correlations of gas and solution phase isolated
molecular orbital energy levels with structure are available
(20-22). generalized predictions regarding charging tendencies
can be made on the basis of chemical structure (23) and
conversely deductions of chemical structure can be made on
the basis of triboelectric charging. The following sections
demonstrates this fact for two distinct situations: (i) the case
of contamination of a surface by very small amounts of a
second species. and (ii) the case of alteration of the chemical
structure of a soJid in situ or otherwise.

Example of Determination of Surface Contamination.
In connection with our work on triboelectrification (lB, 19),
the effect of composition of solid solutions was of interest.
Therefore. solid solutions comprised of bis(4-diethylamino­
2-methylphenyI)phenylmethnne (I) and Lexan (2, bisphenol-A
polycnrbonate from General Electric) were examined. The
fact that solid solutions formed was confirmed by optical
microscopy and differential scanning calorimetry. The cnscnde
triboelectric charge measured on the nickel beads as a function
of film composition is shown in Figure 3. Note that the bead
charge does not vary smoothly between the two pure com­
ponents as might be expected. but rather exhibits a minimum
of opposite sign.
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o Charging measurements on device of Figure 1 at zero
humidity in dry box. b Film as per footnote d, Table I.
C As per footnote c, Table I. d By rolling clean lOQ-lolrn
Ni berry. 0.5% by weightl and methylene chloride in a
rotary evaporator to remove solvent, drying while ground­
ed at 25 DC, 1 mm Hg Cor 18 h. e Average of 4 to 9 de­
terminations (3 to 8 g each) ~ standard deviation.

1 coaledd

-1.03 1 0.04"
(2nd)

+ 1.2510.10"
(1st)

Q/M on beads
(nC/g)

Table II. Charging" of 100'~m Ni Berry
Beads V8. a Lexan Filmb

clean bcadsC

products of oxidation.
The anomalous triboelectric charge vs. composition curve

(Figure 3) for I in Lexan is therefore explicable in terms of
mass transfer of I from the polymer film to the nickel berry
bead during the initial contact evenL The amount of I coating
on the bead is presumably related to the amount of I available
at the surface of the film. This coated bead subsequently
contacts the I fLexan composite as it cascades down. The
charging is controlled by both the composition of the ftlm and
the composition of the bead. As we have seen, nickel coated
with I charges negatively against Lexan. The minimum results
from the opposing effects of the amount of I transferred and
the charge developed between the coated bead and the film;
both variables depend upon ftlm composition.

This study provides an excellent example of the sensitivity
of triboelectric charging to the presence of very small amounts
of contamination on surfaces of metals and polymers.

is rationali,.ed to be a result of poeitive space charge formation
in the coating due to electron donation to the nickel bead.
This effect and its ramifications are being reported separately
(24).

Extraction of Nickel Beads Exposed to Film of I. With
this body nf evidence for transfer of I to the nickel and steel
beads and subsequently to the Lexan film, independent
evidence of the mass transfer was sought. A large quantity
of clean nickel beads was cascaded down a film of 1 in the
usual manner. The beads were then removed from the dry
box and extracted ten times with chloroform. Tbe extract
yielded about 0.1 % (by weight of starting beads) of colorless
solid. The infrared spectrum of this solid possesses several
peaks charaoteristic of I. In addition it possesses weak peaks
at 1725 and 1750 cm- I , presumably carbonyl absorption, but
possibly aromatic C-H overtone bands. It also contains
absorptions corresponding to tertiary OH (3630 cm-I ) (25).

A blank experiment was carried out as follows. A volume
of chloroform equal to that used in the extraction of the nickel
beads was taken to dryness, leaving a small amount of
amorphous residue. The infrared spectrum contains weak
points at 3680,1730, and 1600 cm- I . Thus, the bead extract
absorptions at 3640 and 1750 cm- I are real, but those at 3680,
1725, and 1600 cm- I are, at least in part, artifacts.

We conclude that the beads had a coating probably con·
sisting of I, the product of reaction of the oxidized (dye) form
(3) of I with water, the alcohol 4, and perhaps some other

Effect of Exposure of Metal Beads to Film of I. In order
lo investigate the anomaly of Figure 3 the following exper·
iment was done. First lOO·~m nickel berry beads were
cascaded down a freshly prepared film of pure Lexan (2) to
establish a reference point. Another batch of clean beads was
then cascaded down a film of pure amorphous I, which forms
a stable glass (T, - 20 DC) via solvent casting or thermal
quenching from above the melting point. This latter batch
of beads was collected and cascaded in smaller batches down
the Lexan film to measure the bead charge. These results are
given in Table 1. These results were verified by a second set
of experiments. As can be seen, the heads exposed to 1
acquired a negative charge vs. LeXlln, whereas the clean beads
became positively charged. The beads were obviously altered
by exposure to 1. By inference, 1 or some product thereof was
picked up by the beads. Moreover, by exposure to these
"contaminated" beads, the Lexan film itself was contaminated
(presumably via a second mass transfer of I) as evidenced by
the lower positive value with clean beads after use of the I
exposed beads. After several exposures to these contaminated
beads, the Lexan film even charged clean beads negatively.

Also shown in Table I are results for stcel beads which reveal
qualitatively similar results.

Effect of Intentional Coating of Nickel Bead.,. A second
set of experiments was carried out to verify that beads coated
with I charge negatively against Lexan. A batch of the washed
100·~m nickel herry beads was coated with 0.5"10 by weighl
of I. These were then measured against a fresh Lexan film,
subsequent to clean beads on the same film. The results are
given in Table II. These results were also verified by a
separate set of experiments. The conclusion is that coating
of the beads with I does indeed result in their acquiring a
negative charge when exposed to Lexan, in agreement with
the results given above.

To ensure that the results were not complicated by mass
transfer from the coated beads to the hopper of the cascade
device and then to the clean beads, a batch of coated beads
was run through the hopper. Then clean beads were cascaded
over a fresh Lexan fUm. The bead charge (+1.37 ± 0.13 nCfg,
seven determinations, 2 to 6 g each) was the normally observed
value.

Lexan was expected to charge negalively against I on the
basis of the relative energy levels of model monomers (8, 9).
To test this, Lexan pellets were dried in vacuo and cascaded
down a film of I. The Lexan pellets acquired a net negative
charge (-0.64 ± 0.19 nCfg, 4 determinations, 0.4 to 3 g each).
Since Lexan is an insulator, grounding the cascade hopper
would not remove residual charge on the Lexan and, therefore,
this residual as measured via directly pouring Lexan pellets
into a Faraday cage was subtracted from the measured cascade
value.

The fact that the beads coated with I acquire negative
charge while the film of 1 charges positively vs. Lexan pellets
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8 function of reaction time at 185 °e. Heating causes release
of diisocyanale 6, which in turn reacts with polymer 7,
acylating it and yielding polymer 8. As can be seen from
Figure 4, the charging approaches an asymptotic limit.

On the basis that the charging is directly related to the
extent of reaction, the dala may be replotted in the form log
[(Q/Ml_ - (QfMl) vs. time. As can be seen in Figure.5, a
straight line resulls for each of the two data sets. This is
indicative of a first order reaction (33), as expected if con·
version of 5 to 6 is the Tate limiting step in conversion of 7
to 8. This is confirmed by the fact that a superimposable plot
is obtained when the concentration is 5 is halved. Thus,
triboeleclric charging can in fact be used to follow the kinetics
of the reaction.

Oxidation of Polystyrene. In a sludy involving the use of
polystyrene films, it was noted that the triboelectric charging
value varied as the film aged in dry air in a dry box; little,
if any, ultraviolet light struck the film because of the safety
glass window. A systematic kinetic study was carried oul The
results are shown in Figure 6. Note that the amount of
negative charge acquired by the film increases with aging time,
a factor of 50% over 350 h. Others have reported similar
effects (34).

A freshly prepared polystyrene film was examined by
electron spectroscopy (ESCA, XPS). No oxygen could be
detected on the surface (top -50 Al. A film that was aged
for 400 h was similarly examined. A strong oxygen Is signal
was observed (35).

Oxidation of polystyrene is well known (36). It is also known
(36) that oxidation leads to ketone, aldehyde, quinone, car·
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Figura 4. Triboelectric charging as a function of reaction time at 165
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(conversion of 7 to 8)
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Examples of Deleclion of Chemical Reaelions. Tri·
boelectric charging is known to vary with the nature of the
two conlacting hodies (26-31). Recently we have found a
dependence upon substituent conslanls in both aromatic (IB)
and aliphatic (19) systems that is taken to indicate a de·
pendence upon molecular orbital energetics (20-22).
Therefore. in principle, any chemical changes that lake place
at lhe surface arc deleclable by a change in the triboeleclric
properties. In this section several applications in fact will be
described.

Chemical Madificatioll by Thermal Treatmelll. This
example demonstrates the utility of triboelectric charging to
detect alteration of chemical structure, in this case throughout
the bulk of film in situ. lsocyanates nre very reactive toward
hydroxyl and amino moieties. This reactivity is exploited for
cross·linking by the use of diisocyanales (32). A common
technique is to "block" the diisocynnate to yield a compound
which thermally reverts to the diisocYill1ate. One such
compound is the urethane 5; upon heating it reverts to acetone

~

oxime and toluene.2,4·diisocyanate (6) (9). The blocked
diisocy8ll8te was incorporated into films of polymer 7 (10) cast
from aolution onto aluminum. The cascade triboelectric
charging of lbe polymer fIlm was measured incrementally as



boxyl, et<:. functionalities. These are known to be good
electron-accepting moieties (37-39). Thus, in accord with
expectation (18, 19, 23) the negative charging of the poly,
styrene film increases as the oxidation to these species occurs.
Measurement of the triboeleclric charging capacity thus
affords a sensitive measure of surface oxidation.

Photooxidation of polystyrene is also well known (40). Brief
ultraviolet irradiation in air causes a tenfold increase in
negative charging of polystyrene films with mercury (41). In
fact this process causes sufficient change in the charging
capacity that it forms the basis of a patent for an imaging
system (42).

Oxidation of Polyethylene. Ozonolysis of branched
polyethylene, which contains olefinic bonds, was shown by
infrared analysis to produce 8 carbonyl component with 8

concomitant reduction in the amount of unsaturotion (34).
Exposure of branched polyethylene either to air or ozone also
caused a dramatic (tenfold) increase in the negative charging
capacity of the film (34, 41). When one considers that the
amount of unsaturation was only about 0.01 % of the bulk
sample, the sensitivity of the triboelectrification technique
to surface chemical changes is obvious!

Oxidotion of Coal. Moreover, in the only other analytical
application of triboelectrification that we are aware of, the
kinetics of the oxidation of surfaces of finely divided coal were
followed by measuring the charging capacity under fixed
conditions (43). It was found that the virgin coal charged
positively and with increasing exposure time to air at 350 °C
became less positive and then negative. The direction of
change of charging is consistent with the data above and
previously reported work (18, 19,23).

Photochemical Transformatium. The detection of surface
chemical changes by the triboeleclrification technique is not
limited to oxidative processes, however. For example. a recent
patent discloses the use of a photochemical surface reaction
as an imaging sytem (44). It is based upon the change in
triboelectric charging capacity between light slruck and
non-photolyzed areas of the surface. The reaction can be
generalized as shown in Equation I.

~ ©---e + <",,0 + FRAGMOITS

o 611
I DOl,

2 III

Surface coverage by the photoactive species (9) can be as low
8S 0.2 mg per square foot or about one monolayer!

Sulfonation of Polystyrene. Another example of the
sensitivity of the triboelectric measurement 10 surface chemical
transformations is provided by the following case. Very brief
sulfonation of free-standing polystyrene film surfaces by a
known method (45) results in a dramatic increase in the
positive charging capacity of the film. With lOO-~m nickel
berry t a sign change occurs; the virgin polystyrene charges
positively (0.2 nCfg), while a film sulfonated 10 the extent
of about 1 monolayer charges negatively and an order of
magnitude higher (15 nC/g). The direction of change upon
sulfonation is consistent with results of our previous work (18,
19,23).

Utility of the Method. While this triboelectric charging
technique cannot be employed for molecular determination,
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it provides a very sensitive probe for detection of masa transfer
and changes in molecular structure. In fact, kinetic deter,
minations are possible. The technique is very sensitive,
especially to changes at or near the surface. It has the ad­
ditional advantages of being simple, requiring relatively little
sample, and being nondestructive.
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Auger Electron Spectra Intensity Variation with
Potential-Modulation Differentiation

G. E. McGuire' and B. R. Martin

Texas Instruments Incorporated. Dallas. Texas 75265

Auger electron speclra are normally laken as dN( ElIdE vs.
E wllh a polenllal-modulallon dRlerenllallon scheme used 10
supprelllllhe high background caused by lnelasllcaUy scallered
eleclron.. The observed Auger peak-to-peak Intensity does
nol Increase linearly over the range of modulallon vollages
currently evaRable on convnerclallnslnments. Auger spectra
lor a large number 01 elemenl. were laken while varying Ihe
modulallon potential 10 correlate signal amplRudes laken under
varying modulallon condilions. Detecllon IImlls have been
estlmaled Irom Ihe signal ampliludes based upon the reported
delecllon IImll of phosphorus In silicon.

The use of Auger electron spectroscopy (AES) as an
Wlal,)'tical tool has seen explosive gro'Nt.h since the introduction
by Harris (I) of a potential-modulation differentiation scheme
to suppress the high background caused by inelastically
scattered electrons. The derivative is obtained by super­
imposing a small sinusoidal potential-modulation on the
analyzer pass energy and synchronously detecting the current
passed through the analyzer. It is a common practice in
electron-excited AES to use the peak-Io-peak signal strength
in the derivative spectrum as 8 relative quantitative measure
of elemental surface concentration (2). In addition, the energy
positions of the negative-going peaks in the derivative
spectrum are used to identify the Auger transition energy
values (3).

One judgment that must be made by the user of AES is the
tradeoff which must be made between sensitivity and reso­
lution in setting the amplitude of the potential-modulation
employed in electronic differentiation (4). By electronically
varing the modulation voltage, one has versatile control over
signal to noise. The lowest order information concerning an
Auger feature is available if one is interested only in detecting
a signal. The signal strength is increased by Ihe use of large
oscillation amplitudes. The limiting amplitude would es­
sentially be the separation between fentures.

The AES features actuaUy contain more detail than is
frequently utilized. The structures usually consist of a main
peak foUowed by additional features on the low energy side
because of various couplings of the Auger transition 10 the
valence band electrons. The shape of the Auger feature
depends on the chemical environment of the atoms being
studied (5). The peak-t.o-peak amplitude in the derivative
mode is dependent on the shape of the Auger peak as well
as its size. As the modulation amplitude approaches the \\;dth
of the Auger peak, the relationship becomes sensitive to the
detailed shape of the feature (6).

However, the use of large modulation voltages would be
beneficial when quantitative measurements are affected by
the primary electron beam current. as the improved signal to
noise could be traded off for either faster energy analysis or
a reduction in primary electron beam current. Since the first
harmonic signal strength is nonlinear (6, 71. it would be
desirable to know the signal strength of the characteristic
Auger transitions for various elements as a function of
modulation voltage. Data taken with large modulation

\'oltages optimizing signal-to-noise can then be compared to
dat.a taken at low modulation voltages optimizing resolution.
Since there is no accepted "standard" modulation voltage,
these curves will also aid in comparing the Auger literature.
Curves for the first-harmonic signal strength vs. modulation
voltage have been compiled for some of the most commonly
encountered clements and referenced to relative sensitivity
factors compiled by Davis et al. (8).

EXPERI MENTAL

The Auger results reported here were obtained with a sin­
gle-pass cylindrical mirror analyzer (CMA) manufactured by
Physical Electronics Inc. (PHI Model 10-155). Samples were
mounted at an angle of 30° with respect to the incident 5-keV,
a-IlA electron beam. The electron gun is coincident with the CMA.
Prior to analysis, the sample surface was cleaned by 2-keV argon
ion bombardment for a minimum of 15 min at a pressure of 3.8
X 10-3 pascal. Ion sputtering at normal incidence was continued
during: data analysis to ensure a clean surface. Characteristic
Auger spectra were recorded while varying the modulation po­
t.ential from 1 to 10 eV peak-lo-peak.

RESULTS AND DISCUSSION

In taking Auger electron spectra, one has two forms of
intrumental broadening; from the analyzer itself and the
dynamic broadening due to the potential-modulat.ion scheme.
The effects of potential-modulation distortion have been
analyzed, assuming a Gaussian Auger peak shape for a de·
flection type analyzer (9). It was found that the first harmonic
signal strength increased linearly with modulation amplitude
up to an amplitude of about 0.:1 p, where p is the Gaussian
root mean square width. The signal then passed through a
maximum and subsequently decreased at a rate near the
inverse square root of the modulation amplitude for values
in excess of about 3 p.

Figure 1 demonstrates how the modulation amplitude can
affect the relative peak-to-peak (1'-1') intensilies of two
characteristic Auger transitions from the same element. The
low energy NOO transition of Ta shows a nearly linear re·
sponse up to a modulation voltage of 3 eV where the hi~h

energy Ta MNN shows a nearly linear response up to 8 eV.
Broadening of the high ener~y peak may be occuring due to
potential-modulation or due to the analyzer since the energy
resolution of 0.5% at 1680 eV is approximately 8 eV. At4
eV p-p modulation, the Ta NOO transition intensity is at least
50% greater than the Ta MNN intensity but at 10 eV Pop
modulation, their intensities are almost identical.

This would not normally be a problem since most data are
taken at a set modulation voltage and referenced to standards
examined uSlng the same conditions. However, attempts to
optimize the sensitivity ¥s. resolution trade-off over the entire
energy runge have resulted in selectable or ramped modulation
schemes (4). The ramped modulation compensates for the
direct dependence of the absolute resolution of the analyzer
on puss energy. An alternate method is to retard the electron
puss energy to a constant voltage as in the Physical Electronics
double pass analyzer (PHI 15-255G). In addilion the data
generated by Davis et al.. which is the most complete set of
reference spectra available, was taken at 2 eV-6 eV p-p

0003-2700179/035H)488So1.00/0 e 1979 """"lean Chemlcal SocIety



Figure 1. Relative peak-to-peak Auger Intensity fo< the low energy Ta
NOO transition and high energy Ta MNN transhlon as a function of
modulation voltage demonstrates the non6nearity of the response. A
linear response OCCt.l'S up to 0.3 p where p is the Gaussian root mean
square width. Broadening may be due to the potential modulation or
to the analyzer energy resolution
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Flgure 2. Relative sensitivity factors of the KLl Auger transition sertes
plotted vs. the modulation amplitude for various elements

modulation. In general. the approach taken hy Davis et al.
was to use a modulation voltage of 3 eV POp for Auger
transition below 1000 eV and 6 eV p.p for those above 1000
eV and reference all of these to the Ag MNN transition taken
at a modulation voltage of 3 eV p.p and an electron beam
energy of 3 keY. Known exceptions tu this are the LMM
transitions of Ga, Ge, and As which were l,uken at 3 eV p.p
modulatiun. In order to compare data in the "Handbook uf
Auger Electron Spectroscopy (8). it is necessary to know the
relative intensities taken at 3 eV and 6 eV Pop modulation.
In the open literature, it is possible to find an even broader
range of modulation voltages.

As an analylical aid to the Auger spectroscopist. the relative
intensities of the KLL. LMM. and MNN Auger transitions
taken at modulation voltages from 1-10 eV p.p for a large
number of elements have been referenced to the data compiled
by Davis et al. (8). The intensities are expressed as relative
sensitivity factors and are plotted with respect to the mod­
ulation voltage in Figures 2. 3. and 4.

The family of curves that are generated varies smoothly over
the range of modulation voltages typically increasing at the
lower modulatiun voltages. then leveling off at the higher
modulation voltages. Exceptions to this occur for the MNN
transition series where the large modulation voltages result
in convolution of the closely spaced doublet.

Detection limits may be estimated from these curves with
proper calibration of one element. Morabito and Tsai (10)
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Figure 3. Relative sensitivity faclO<S of the LMM Auger transition series
plotted vs. the modulation amplitude lor various e~ments
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Figu'e 4. Relative sensitivity faclOfs of the MNN Auger transition series
plotted vs. the modulation amplitude tor various elements

used ion implantation as a means of calibrating AES spectra
for quantitative chemical analysis. A detectability limit in
the range of -5 X 10" to 10" atoms/cm' for boron. phos­
phorus. and arsenic in silicon was established with in-depth
profiling. Good depth resolution is necessary to establish the
peak locations of the implant distribution. This limits the
sensitivity because of the use of analysis times consistent with
optimum depth resolution. Measurements on bulk doped
phosphorus samples (1 I) and surface absorption of PH, gas
(12) have been used to establish a detectability of -8 X 10"
atoms/cmJ for phosphorus in silicon. Using this value. it is
possible to estimate the bulk detectability of the elements in
the periodic table using Figures 2, 3. and 4 and the data
compiled in ref. 8. These values are presented in Figure 5.

CONCLUSION

Although it has been shown that the area under the N(E)
curve is linear as a function of modulation voltage (6). the most
common format for data presentation for AES data has been
in the derivative mode where the response is nonlinear. Data
taken in the derivative mode are presented which show tbe
nonlinear sensitivity factor as a function of modulation voltage.
Using these volues. it is possible to compare data taken under
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it is a common clinical test. The analytical scheme that is
commonly used for BUN is its reaction with urease to give
ammonia. Subsequent reactions may be selected for analyzing
the ammonia produced by the enzymatic reaclion. In our
approach, BUN is reacted with urease in the usual manner,
this reaction being carried out in the blood ammonia apparatlL'
at an incubation temperature of 37 ·C. A IOO·"L sample
proved convenient for nonnal levels in blood. After a suitable
incubation period has transpired. an alkalizing agent is added
to the reactants and the sen..itized waveguide is placed in the
reaction chamber. The method from this point on is the same
as for blood ammonia.

A procedure for determining CPK activity and creatinine
was also examined briefly. It was similar to that for BUN
insofar as a reaction between creatinine and creatinine de­
iminase is incubated at 37 OCr gaseous ammonia is liberated
by the addition of an alkalyzing agent. and reaction occurs
with the rod. It appeared that optimization of reaction
parameters could make this a viable analytical method for
clinical tests.

Like BUN, L·amino acids constitute another reaction of
considerable clinical interest. In this case, the amino acids
react with L-amino acid oxidase to form ammonia which &gain
can be measured by the optical waveguide approach and
related to amino acid concentration. This scheme was tested
with different concentrations of L·leucine 000. 200. and 300
"g/dL). Again, no serious attempts were made to fully op·
timize reaction conditions but cather to demonstrate the
reaction as a feasible adjunct to our ammonia approach.
Measured absorbances were found to follow the different
amino acid concentrations.

It should be noted, in connection with prospects for these
additional tests. that in both the creatinine series and in the
amino acid determination, parallel runs for blood ammonia
must be made on samples of interest and subtracted from the
values obtained with the enzymatic reactions. There is no
problem with BUN since it is present at a much higher
concentration than blood ammonia. This is not the case with
creatinine and amino acids.

With regard to sensitivity of the optical waveguide method.
some experiments done on scale·down of the blood ammonia
technique also are of interest. We found that use of the same
coated waveguides described earlier also gave a practical level
of response in small reaction vessels containing 100 "L of blood
or standard sample. A suitable reaction time was 30 min. This

microscale test would find value in blood ammonia analyses
on infant heel·stick sample•.
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Effect of Sample Thickness on the Magnitude of Optoacoustic
Signals

M. J. Adams.· G. F. Klrkbrlght. and K. R. Menon

Chemlstry Department. Imperial CoI/eg6 01 Science and Tachnology. London SW7 2AZ. Unnad Kingdom

A study has been undertaken 01 the elracts of sampla
thIckne81 01 thin polymer IIms on tha magnnude 01 opto­
acoustic signals obMrvad from th""" materlala on IRadiatlon
with modulatad ultraviolet radlaUon. In the ultraviolet reglon,
the samples may be conskIerad optIcaly opaque. The rellUlla
obtained are In good agreement with published theoretical
preclk:tlons.

In recent ye&lS, there has been revived interest in the study
of the optoacoustic effect and. in particular. its applications

for the examination of solid and liquid samples. In the
optoacoustic effect. modulated radiant energy absorbed by
the sample leads to an increase in the internal energy of the
system, and subsequent deexcitation provides an increase in
the temperature which may be monitored as the periodic
pressure change in the gas surrounding the sample using a
microphone transducer. Several workers have described
spectrometers equipped with wavelength scanning facilities
which enable absorption spectra to be recorded (1-3); a
number of similar commercial systems have also become
available recently. The technique may be considered a ra·
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Figure 1. Sample holder and method employed to retain the polymer
film
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o Thermal data taken from ref. 9.

ABfj
P = (1)

k.a.(fj2 - a.2)

where {J is the optical absorption coefficient (em-') of lbe
material under study and k. is its thermal conductivity.

a. = (1 + j)a. (2)

a. and a, are thermal damping functions of an alternating
temperature wave passing through the sample and gas re­
spectively and are given by:

D, = C:J/2 (3)

with w the frequency of the wave (i.e., the modulation fre­
quency) and "i the thermal diffusivity of the material.

In Equation I, A is a constant factor which is dependent
upon the experimental arrangement and is proportional to
the incident radiant energy at the sample surface and lbe
ambient pressure within the cell.

cell, P, is shown to be:

Figure 2. The function l(exp(2a.x} + 1}/(exp(2a,x} - 1}) YO. x(sold
lines) and the experimentally determlned results ror the relative op.­
toacoustic signal magnitude lor different values 01 samp'e thickness.
x, as a function of modulation frequency; (a) e, 10 Hz; (b) (J, 30 Hz;
(e) e, 120 Hz; (d) 0,280 Hz. (The theoretical eurvos assuma a vaJue
of 10-3 cm', 5- 1 fOf the thermal dllfuslvlty of the polymer samples)

Table I. Thermal Characteristics (or Nitrogen and
Polyester SamplesQ

diometric method and employed as a spectrocalorimetric
means of analysis (4).

Theoretical interpretations of the optoacoustic effect and
its applications to the study of condensed phase sample types
have been discussed by a number of workers (5-8); all agree
concerning the fundamental parameters which govern the
magnitude of the observed signals. Unfortunately, however,
to date there have been few published results to support the
theoretical interpretations; in particular, there is a dearth of
results relating to the quantitative interpretation of the effects
observed. Only absorbed radiation may contrihute to the
production of an optoacoustic signal, and the important
sample characteristics determining the magnitude and nature
of the signal are the optical absorption coefficient of the
material studied at the wavelength of the incident radiation,
the efficiency of internal radiationless deexcitation, and the
thermal, heat· transfer coefficients (in particular the thermal
diffusivity) for the material.

In this communication, we wish to demonstrate that the
quantitative predictions for the dependence of the magnitude
of the optoacoustic effect on the sample parameters can be
shown to he valid for optically opaque samples of polyester
films of differing thickness.

EXPERIMENTAL
Apparatus. The amplitude of the optoacoustic si~nnls ob­

tained from the polymer samples examined was monitored with
the aid of a double-beam optoacoustic spectrometer operated in
the single-beam, uncorrected mode. The constructional details
and performance characteristics of this instrument have been
described elsewhere (1). C..ontinuum radiation from a 300-W xenon
8fC source was focused, through 8 variable speed rotating sector.
at the entrance slit of an F/4 grating monochromator. The
dispersed radiation from the exit slit entered the optoacoustic
cell via 8 concave folding-mirror. The working spectral range of
the spectrometer was ca. 250 to 2500 nm. The aluminum op­
toacoustic cell was fitted with a 20-mm diameter silica entrance
window and a similar silica plate was employed 8S the sample tray.
The total internal cell volume was ca. 1 cm3 and a sensitive
capacitor microphone (Bruel and Kjaer Type 4166) was employed
as the pressure transducer. The signal at the microphone was
monitored with the aid of a lock·in amplifier, and the sample signal
amplitude was displayed as a function of the wavelength of the
incident radiation on a conventional potentiometric chart recorder.

Procedure. A schematic diagram demonstrating the mounting
of the polymer film samples is shown in Figure 1. Disks of
polymer film, 18 mID in diameter, were cut from the samples and
f",ed with the aid of double-sided adhesive tape to the underside
of the thin-walled, highly polished stainless·steel ring which was
mounted together with the sample onlo a similar thin-walled ring
contained within the sampling tray. This arrangement was sealed
by means of locking nuts inside the optoacoustic cell and the
unnormaliz.ed spectrum of each polymer sample was recorded in
the wavelength interval 250 to 350 nm. The magnitude of the
signal at the peak absorption wavelength of 300 nm was measured
from the chart recorder display. The polyester film samples
examined were all of identical composition and of thickness, 6,
12,25,50, 125, and 250 x 10-' em. Each sample was examined
at modulation frequencies of 10, 30, 120, and 280 Hz.

Transmission spectra of the samples in the ultraviolet region
were obtained with the aid of a conventional UVjvisible spec­
trophotometer.

RESULTS AND DISCUSSION
Rosencwaig and Gersho (7), have developed a theoretical

interpretation of the optoacoustic effect observed for solid
samples in terms of the optical absorption coefficient of the
sample and its heat transfer characteristics. For sinusoidal
modulated radiation incident at the sample, the pressure
variation in the gaseous atmosphere within the optoacoustic

(r - l)(b + 1l exp(a.x) - (r + I)(b - 1) exp(-a,r) + 2(b'- r) exp(-fjx)
B = ':""'---'----'--:-(g-'-+""""';l)7.(b-'+'-'-:cll:-e'-,.-p(;-a,r-'-:-)_--;-(g-'-_--:l:7)(;-;"b-_-'-:17) -ex-p-7(--a-,r7-)---':...:...:.-.:. (4)



(I - j){3
(5)r=---

2 a,

kbab
(6)b=-

k,a.

k,a,
(7)g=-

kla.
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B is a complex function for the system and may be ex­
pressed as in Equation 4 where x is the thickness of the sample
and the other functions are given by,

(11)p = _A.:..(I_---.:j.:..)Ii:...:,
2a,k,

Unlike conventional spectrophotometric measurements by
transmission, an optoacoustic measurement depends not only
on the optical properties of the sample but also on its thermal
characteristics. For the samples described in this work, little
quantitative information concerning the samples could be
gained from their ultraviolet absorption spectra because of
their high opacity in this spectral region, even with relatively
thin samples. The optoacoustic results, however, show very
interesting trends with sample thickness and advantage may
be taken of the high opacity in the ultraviolet. Furthermore.
as the optoacoustic effect is concerned 'with a periodic thermal
wave, control of the thermal diffusion length may be achieved
by suitable control of the frequency of modulation of the
incident radiation.

The experimental data presented above agree well with the
theoretical treatment derived from Rosencwaig and Gersho
(7), and we believe that it serves to illustrate the general
applicability of their treatment of the optoacoustic ecreeL Our
experimental results also show that for any thickness of sample
above the thermal diffusion length. the signal magnitude is
"I/W. It may be observed from our results that the greatest
errors arise at low modulation frequencies (10 Hz) and for thin
samples (6 X 10-< cm thickness). Although decreasing the
frequency of modulation provides for an increase in signal
magnitude (see Equation 11). at frequencies below ca. 20 Hz
the experimental system employed for the studies described
above suffers increasingly from "1/f' nllise. Also. with thin

CONCLUSION

optically opaque, thin polymer films.
It is interesting to consider the mechanisms of the heat-flow

within the sample and cell in explaining the nature,of the data
shown in Figure 2. For any selected and fixed frequency of
modulation we may assign to the sample under study a
"thermal diffusion length" Ii, i.e., a distance within the sample.
from its upper surface, from which an alternating thermal
signal may reach the upper surface without appreciable at­
tenuation. Rosencwaig and Gersho (7) have assigned a value
of I/a, (= Ii,) to,this active depth. For an optically opaque
sample. any increase in sample thickness has a negligible effect
on the amount of radiant energy absorbed and, providing the
sample thickness is less than 1',. an increase in thickness merely
serves to increase the mass of the sample which may respond
to the alternating thermal wave produced in the sample.
Indeed, to a first approximation. we may expect the thermal
wave amplitude, hence the optoacoustic signal magnitude, to
be inversely proportional to the sample thickness for a
constant sample area, for values of thickness, x, less than Ill"

When the sample thickness is greater than ~ .. however, the
sample mass, or volume, responding to the periodic thermal
wave is constant as negligible alternating thermal energy is
transferred to a depth greater than 1'" by definition of 1',. Also.
as p.~ is a function of modulation frequency, decreasing with
increasing frequency, the point of inflection of the two curves
(inversely proportional 00 thickness and independent of sample
thickness) moves to lower values of thickness with increasing
modulation frequency.

A further observation may be made concerning Equation
10. At high values of exp(2usx). the opooacoustic signal
magnitude is independent of sample thickness. as discussed
above. and Equation 10 reduces to

which is identical with the expression derived by Rosencwaig
and Gersho (7) for the case of the optically opaque, thermally
thick sample.

(9)

(8)

(10)

B = r _e...exp~(:...a-"x...e)-,--+_e_x-,p...e(-,-_a':.x.:.·)
exp(a,x) - exp(-a,x)

which may be rearranged,

exp(2a,x) + I
B=r

exp(2a,x) - I

Substituting Equation 9 into Equation 1 and applying the
assumptions yields,

The subscript "b" denotes the backing material of the
sample and the product kjo j may be considered as 8 thermal
flux coefficient for the material.

'I'D simplify Equation I, it is necessary to apply assumptions
which reduce Equation 4. The assumptions employed in this
study of the magnitude of the optoacoustic signals derived
from polymer films may be considered.

Conventional transmission spectroscopy studies were
undertaken for the thin film samples and these showed that
even the thinnest material, of 6 X 10-< cm thickness, exhibited
an optical density greater than 3.0 at 300 nm. Thus at this
wavelength the samples may be considered opaque and (3 is
thus very large. i.e., exp(-{3x) '" 0 and r » I.

The experimental conditions employed, and shown in
Figure I, ensure that the backing material is air and, hence.
identical with the atmosphere above the sample top surface,
i.e.• b = g. Typical thermal characteristics of polymers and
air (nitrogen) are presented in Table I and allow us to make
the simplification that b. and g, « 1 (9).

With these assumptions we may simplify Equation 4 to
provide,

p = A(I - j) exp(2u,x) + I

2a,a,k, exp(2a,x) - I

With the aid of Equation 10, we may examine the effect
of variation in sample thickness. x, on the magnitude of the
optoacoustic signal. Examination of Equations 9 and 10
indicates that for low values of x (i.e.• for thermally thin
samples) the signal magnitude should decrease with increasing
thickness and reaches a limiting value when B, as expressed
in Equation 9. approximates to r; at high values of x (thermally
thick samples), it should become independent of sample
thickness.

This manner in which the signal, as given by lexp(2u,x) +
1] lexp(2j,x) - IJ. should vary with the thickness. x, of the
aample is shown in Figure 2 for a variety of modulation
Crequencies. Also shown in Figure 2 are the experimentally
determined data. For comparison purposes. the relative signal
magnitude data is presented. i.e .• the 1/10 dependence
predicted at large values of x in Equation 10 has been avoided
by normalization Cor modulation frequencies. The two' cases.
thermally thin and thermally thick regions. are clear from
these results and good agreement is observed between the
theoretical curves predicted from Equations 9 and 10 and the
experimental results determined from the examination of the



samples (less than ca. 10-' cm) the sample arrangement
discussed may give rise to erroneous results by vibration of
the sample due to the enclosed air volume below the sample.

With the increasing interest being shown in optoacoustic
spectrometry for the examination of condensed phase samples
not easily studied by conventional techniques, more quan·
titative data are certain to be produced to test the current
theoretical treatments and expand the currently limited
knowledge of the interrelation between the optical charac­
teristics and thermal transfer properties of 8 wide variety of
materials.
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Determination of Trace Elements in Light Element Matrices by
X-ray Fluorescence Spectrometry with Incoherent Scattered
Radiation as an Internal Standard

Robert D. Glauque.· Roberta B. Garrell, and Lilly Y. Gada

Energy and Environment Division, Lawrence Berkeley Laboratory, University of California. Berkeley, California 94720

THEORY

Figure 1 is a plot of the incoherent mass scattering coef­
ficient (7) of the elements H (Z = 1) through Co (Z = 20) for
17.4 keY radiation. Except for hydrogen, the coefficients are
relatively constant. The incoherent mass scattering coefficient
of a sample, (ui/pho'" cm' gO'. is expressed

Ag in acid solutions using coherently scattered W LX-rays
as an internal standard. Dwiggens (3) has measured both
coherent and incoherent scattered W L X-rays to predict
spectral background and matrix corrections for the deter­
mination of several elements in organic samples. A prereq­
uisite is that the elements have X-rsys of energy near those
of the scattered X-rays. Reynolds (4) and. more recently,
Feather and Willis (5) have used incoherent scattered X-rays
to compensate for matrix absorption in analysis of trace
elements in thick geochemical specimens. This approach is
not applicable to multielement trace analysis of light element
matrices because of the amount of msterial required to attain
infinite thickness for all radiations of interesL Furthermore,
it is preferable to use thin specimens, because higber peak to
background ratios and, thus, improved sensitivities, are
achieved. Nielson (6) has developed a numerical metbod for
computing matrix effects in which the ratio of coherent to
incoherent scattered X-rays is used to estimate the light
element content in pressed disks of mass 63 mg/cm'.

In this paper. we describe a method for which the incoherent
scattered radiation, corrected for matrix absorption, serves
as on internal standard. The method takes advantage of the
fact that the incoherent mass scattering coefficient for 17.4
keV Mo Ka radiation is relatively constant for most light
element matrices. Homogeneous specimens of thin uniform.
mass thickness are required for analyses.

A method for the "rect determination ot trace elements In light
element matrices Is described. 11 takes advantage of the fact
that the Incoherent mass scallerlng coellicientlor 17.4 keV
Mo Ka radlallon Is relallvely constant for the elements 1I (Z
= 3) - Ca (Z = 20). Conseqoenlly, Incoherent scallered
Mo Ka excltallon radlallon, corrected for matrix absorpllon,
can serve as an Internsl standard which compensates lor
varlallons In sample mass, X-ray tube output, and sample
geometry. Samples of -0.5 g are prepared In the lorm of
thin specimens (-0.08~m thick) In a cell between two
0.0006-<:m thick polypropylene windows. Standardlzallon for
most elements Is achelved using standard aqueous solutions
diluted to -100 ppm. Data obtained from simultaneous
transmission measurements for several X..ay energies are used
to calclJate matrix absorplJon correctJons. For 15-m1n analysis
periods, results are typically accurate to within ±10% when
X..ay countJng 81atlsUcs are not the IknltIng lactor. S8nsIIIvKIes
of 2 ppm or beller are reall.ed for 16 of the 22 elements
determined (n - Zr, Hg, Pb, Th, and U).

The determination of trace elements in light element
matrices by X·ray fluorescence spectrometry requires the use
of appropriate techniques to compensate for matrix absorption
effects. Matrix enhancement effects usually are minor or
negligible.

The literature contains a number of methods or approaches
to deal with matrix absorption effects. In this psper we will
limit our discussion to reported methods which have used
scattered X-rays as on internal standard. These methods
require minimum sample preparation and do not necessitate
prior knowledge of specimen major element concentrations.
Andermann and Kemp (1) initially showed that scattered
X-rllYs could serve 88 internal standards to make mstrix
absorption corrections. Cullen (2) determined Ni. Cu, and

n

(udphotal = I: (uI!p).w.
i-1

(1)
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Figure 2. Schematic of experimental procedure used to determine
matrix absorption effects
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Figure 1. Incoherent mass scattering coeffidents 01 the elements H
through Ca for 17.4 keV radialion

Table l Incoherent Mass Scattering and Total Mass
Attenuation Coefficients (cm 1 /g)

coefficient o//p "Ip
radiation Mo Ko Fe KQ

energy 17.4keV 6.40 keV

matrix

CH 0.172 7.9
CH with 2% S 0.171 11.3
CH with 2% Ca 0.171 14.1
CH, 0.186 7.4
C 0.156 8.6
H,O 0.173 19.8
seawater 0.172 23.9
H,O with 2% Ca 0.172 25.8

where (aJ!p), is the incoherent mass scattering coefficient of
element i, and w, is the weight fraction of element i. The
weight fraction of hydrogen in moot light element matrices
varies between 0 and 14%. The major fraction of the light
atomic number matrices are made up of other elements. Thus,
the incoherent mass scattering coefficient is relatively constant
for most light element matrices. Table I lists the incoherent
mass scattering coefficients for some light element matrices.
The coefficients typically do not vary more than a few percent
from that of pure water, with a maximum deviation of 10%.
Thus, the intensity of the incoherent. scattered radiation, when
properly corrected for matrix absorption, can be directly
related to the sample mass. However, there are wide variations
in the degree to which these matrices attenuate or absorb
fluorescent X-rays, as is evident in Table I. For example, the
total mass attenuation coefficient, ~/p, at 6.40 keV, Fe Kn
X-ray energy, varies by a factor of 3.

Giauque et al. (8) have previously shown that matrix ab­
sorption effects can be determined experimentally for thin
uniform samples. Relative X-ray intensities are measured
from a target located at a position adjscent to the back of the
sample. with and without the sample, as illustrated in Figure
2. Tbe combined fraction of tbe exciting and fluorescent
radiations transmitted in the total sample thickness, m (g
em-2), is expressed

e-"'-I. + ",1.lm = IT' - Is
IT

wbere Is. IT. and IT' are the intensities of the X-ray plus
background from the sample alone. the target alone, and the
sample plus the target, respectively. The values Il./p and ~rIp
are the total mass attenuation coefficients of the sample for
the excitation and the fluorescent radiations, respectively.

Semple

~ct At,
~~,.~""'o,.

Scole t--i

Figure 3. Schematic of X-ray fluorescence analysis system

Integration of the X-ray absorption over the thickness of
the sample yields the absorption correction which is expressed

Ab = (1"./p + 1",/p)m
corr. 1 _ e-("'/p + ,.t!p)m

If values of (~./p + ~rIp)m are experimentally determined
for several X-ray energies and plotted vs. the fluorescence
X-ray energy on a log-log scale, an approximate value for
(p../p)m can be obtained by extrapolation of the curve to the
excitation radiation energy. By difference, values for (p.rIp)m
can be calculated, a curve for (p.rIp)m values drawn, and a new
value for (~./p)m established. This procedure can be iterated
several times. Using data from the latter curve, absorption
corrections for all radiations of interest can be calculated from
Equation 3.

EXPERIMENTAL
Equipment and Characteristics. The X-cay system, shoYl.'n

in Figure 3, was designed by Jak1evic and co-workers. It consists
of 8 guard-ring detector with pulsed light feedback electronics
and 512-channel pulse-height analyzer. The resolution of the
system, fwhm, is 200 eV at 6.4 keV (Fe Kn X-ray energy) at 8000
counts/s using an IS-liS pulse peaking time.

A low power Mo-anode X-ray lube followed by a O.Olo-cm Mo
filter was used to provide the Mo K excitation radiation. The
X-ray tube was operated at 45 kV. The regulated X·ray tube
current was adjusted between 50 and 300 IlA for each sample to
obtain a count rate of approximately 8000 counts/so This
eliminated or minimized potentiaJspectral zero level or gain shifts,
which would have produced errors in our peak unfolding routine.

Correction for system dead time, resulting either from pile-up
rejection or analyzer dead time, was made using a gated clock that
measured total system live time. Spectral data were recorded on
magnetic tape. Computations were made using a Control Data
7600 computer. Our program required approximately 50K of core
space.

Preparation or Specimens. The sample cell is illustrated
in Figure 4. The cell is composed of two sectio~ch consisting
of two rings which snap together to hold a O.OOO6-cm thick
polypropylene window. A spacer ring, O.08-cm thick, is placed
in the bottom section of the ""II. Liquid to be analyzed (-0.5
mL) is pipetted into this section, after which the top section is



ANALYTICAL CHEMISTRY. VOL. 51. NO.4. APRIL 1979.513

TARGET FOR ABSORPTION MEASUREMENTS
Table II. Target for Absorption Measurements

SAMPLE CELL

TOP

element
or com· weight, X-ray energy.
pound mg lines keY

Cr 600 Cr Ka 5.41
Fe,OJ 1000 Fe Ka 6.40
Zn 200 Zn Ka 8.63
Pb,O. 150 Pb !.h 10.54

Pb Ul 12.61
cellulose 200

0006

Figure 5. Spectral background curves for As. Se. Sr. and Pb

o.Z!l ClJO Q.3!l Q40
Ico,,'/llcOll.+1inc.ofl.l

Ul O'OO2L_...---------~:~.:;;:;1

a, Ka

..... 0004

J.
J0003

;;;;

~"'=--=.....b1JQn BOTTOM

SPACER

1 em
~
Scale

Figure 4. Sample cell and target tor X-ray absorption measurements

inserted against the spacer rin~. Any excess liquid is dispersed
to the perimeter of the spacer ring. Viscous oils require slight
heating prior to pipetting to reduce the viscosity, which usually
permits specimens of uniform mass thickness to be prepared.

In the preparation of self-binding material, 250 to 350 mg of
finely pulverized sample is placed in a die and a 2.5-cm a.d. disk
is pressed at 15000 psi. This sample is then placed in the cell
without the spacer ring for analysis.

For a non-self-binding material such as coal, 200 to 250 m~ of
pulverized powder is distributed in the bottom of the cell within
the spacer ring. The top section of thr cell is inserted and a disk
is pressed at 2000 psi.

CALIBRATION METHOD
Standardization. Standards for the elements are prepared

by dissolving pure metals or standard weighing forms as
reported elsewhere (9). Portions of these solutions are diluted
to produce element standards in the 100 to 500 ppm range.
The diluted standards nre pipetted int<> the sample cell and
used to calibrate the X·ray system. Attenuation measure·
ments are made on each of the standards to determine matrix
absorption corrections. For each standard a sensitivity factor,
Ki , is determined and expressed

Ii (Ab",,,), 1

K i = II.",h. X (Ab",,,.),.,.h. X Ppmi (4)

where Ii and h ..... are the X·ray intensities from the standard
element and the incoherent scattered Mo Kcy radiation. re·
spectively; (Abcorr)i and (Abcurr)lncoh. are the absorption
corrections for these same radiations; and ppmj is the con·
centration of the standard.

Corrections for Absorption Effects. The degree to which
the specimen attenuates the incident and fluorescent X·rays
in the total specimen thickness is measured experimentally.
Relative X·ray intensity is measured at five X·ray energies,
with and without the specimen. from a target located at a
position adjacent to the back of the specimen, as shown in
Figure 2. The target, shown in Figure 4, is cont.ained in a
holder which seats over and within the sample cell. The
composition of the target and the X·ray energies for which
attenuation measurements arc determined are listed in Table
II.

Using data from the attenuation measurements and
Equation 2, values of (p./p + prlp)m are calculated for the
five X-ray energies listed in Table n. These values are plotted
va. fluorescence X-ray energy on a log-log diagram. The value
of v.../p)m is estimated by extrapolation of the curve to 17.4

keV, the energy of the excitation radiation. In turn, values
for v..rIp)m are calculated. a curve for these values is drawn,
and a new value for (p./ p)m is ascertained by extrapolation
of this curve to 17.4 keY. This last step is iterated several
times. Finally, three separate curves for (prl p)m values are
plotted between 4.50 and 7.11 keY; 7.12 and 10.54 keY; and
to.55 and 17.4 keY, using (prlp)m values determined for Cr
Ka and Fe Ka; Zn Ka and Pb La; and Pb La and Pb L,B
X·rays, respectively. From these curves, values of lPt/p)m and,
in turn, values of {P./p + prlp)m are determined for all X-ray
energies in our program. These values are used in Equation
3 to calculate the absorption corrections. The above steps are
shown in the Appendix.

Corrections for Overlapping X·Rays. Our analysis
program uses a fixed number of channels as a measure of
X·ray intensity for each element determined. Peak overlap
facl<Jrs are initially established from X-ray spectra generated
from thin deposits of individual element solutions nebulized
onto Nuclepore polycarbonate filters.

Characteristic X-ray line ratios (e.g., K/l/Ka) obtained in
analysis de,iate from the ratios ascertained using thin deposita,
since X·ray absorption increases with decreasing X·ray energy.
The deviations in these ratios are determined experimentally
using data from the attenuation measurements for the five
X·ray lines listed in Table II. The following elements and
corresponding X·ray lines are selected for analysis: Ti - Fe,
Ni - Zr (Ka); Co (KIl); Hg, Th, U (La); and Pb (L,B).

Spectral Background. Spectral background under each
of the X-ray lines is principally related to incoherent and
coherent scattered excitation radiation intensities. Curves
which relate the intensity of the spectral background to the
intensities of both incoherent and coherent scattered Mo Ka
radiation are established from spectra acquired on three
300-mg disks (60 mg/cm') of varying X-ray mass scattering
crosa sections. These disks, prepared from celluloee and su1fur
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for a NBS SRM 1632 Coal specimen

ele-
ment XRF NBS NAA (10)

Ti 951 , 53 (800) 1040, 110
V 24,8 35, 3 36, 3
Cr 22,8 20.2, 0.5 19.7,0.9
Mn 39, 3 40, 3 43, 4
Fe 7790, 360 8700, 300 8400, 400
Co 8.5' 4.2 (6) 5.7, 0.4
Ni 14.5' 1.2 15' 1
Cu 17.7,1.5 18' 2
Zn 35.7 , 9.9 37, 4 30, 10
Ga 6.1,0.3
Ge 2.9, 0.2
As 4.7 , 1.0 6.9' 0.6 6.5 , 1.4
Se 3.1 , 0.2 2.9, 0.3 3.4' 0.2
Br 17.5,0.3 19.3' 1.9
Rb 20.1 , 0.6 21 , 2
Sr 161 , 4 161 , 16
Y 7.9,0.6
Zr 33' 4
Hg <1.1 0.12' 0.02
Pb 13.6. 6.5 30. 9
Th 2.7. 0.7 (3.0) 3.2. 0.2
U <2.3 1.4' 0.1 1.41. 0.07

NBS SRM 1632
\ COAL (-70 rn;ib,.{
,,,

\ Cr Ka

\~eKa

\znK.
·\',Pb L.:

• 'Pb L,B

\\. \\

----{1J-e 1p.P.,lp)m

-(JJ.fIP)m

0.5

1.5

Figur. 8. X-ray spectrum obtained on NBS SRM 1632 Coal

powders, are composed of 100% cellulose; 90% cellulose, 10%
sulfur; and 80% cellulose, 20% sulfur. Figure 5 illustrates
four X-ray line spectral background curves. All spectral
background curves are expressed by the equation for a straight
line

[ (
leah. )]

Bkg; = C; + S; I + I (leah + I'nooh)
Coho Incoh.

where S; is the slope of the spectral background curve for
element i and Ci is the intercept at Ic.h =o.

RESULTS
To demonstrate the capability of the method, four National

Bureau of Standards trace element standard reference ma­
terials and a shale oil sample were analyzed. A flowchart
illustrating the steps undertaken to calculate element con­
centrations is listed in the Appendix,

Ten samples (-200 to 250 mg) of SRM 1632 Coal were
pulverized using an agate mortar and pestle. The powders
were distributed within the sample cell spacer ring, and disks
were pressed with both sample cell windows in place. Analysis
periods, live time, were 1000 s for the disks alone and 100 s
for the attenuation measurements. Figure 6 is a spectrum
obtained on the coal.

Curves of (p.1p + Prlp)m and (p.rIp)m values determined
for one specimen are shown in Figure 7. There is a minor
drop in these curves at 7.11 keY, the Fe K absorption edge
energy, since Fe is a minor constituent (0.8%) and not a trace
element. Table III lists the results dewnnined for 22 elements.
The Ti - Mn values were corrected for overlapping Ba, La,
and Ce L X-rays, using concentration values published by
Ondov et aI. (10). Most of the referenced values (10) were
detennined by instrumental neutron activation analysis at four
laboratories. All results have been corrected for moisture
content. We have reported results for four elements (Gs, Ge,
Y. and Zr) that are not included in the NBS or referenced
values. NBS values listed in parentheses are not certified.

The XRF values are generally in good agreement with the
NBS and referenced values. The coal was found to be in­
homogeneous with respect to Zn and Pb in that the deviation
in the results was substantially larger than the precision of
the XRF method. The coal has also been reported to be
inhomogeneous for Sb (10). The XRF results for V are quite
likely low. Six spectral lines overlap at 4.95 keY: Ti KP, V
Ka, Fe KP eocape peak, Ba Lil, La Lil. and Ce La. Using NAA
results (10) for Ba, La, and Ce, the calculated intensity of the
three L X-ray lin.. is 2.5 times that of V Ka. If the samples
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Table VI. Elemental Concentrations in NBS SRM 1634
Fuel Oil (~g/g 1 20)

Table VII. Compariaon of XRF and NAA Elemental
Results for Shale Oil, &09 (~g/g, 20)

element XRF NAA

clement XRF NBS

V 2831 12 3201 15
Cr <6 (0.09)
Mn <3 (0.12)
Fe 14.01 1.5 13.51 1.0
Ni 32.01 1.6 36 ± 4
Cu <0.8
Zn <0.6 0.231 0.05
As <0.4 (0.095)
Pb <1.5 0.041 1 0.005

381 3
4.21 0.2
4.61 1.8
2.4 , 0.4

18.2 1 1.0
0.710.1

40.31 2.0
4.51 0.6
4.9' 0.6
3.3,0.3

18.2, 1.0
0.8,0.3

IT£llATlON

FLOW CH.IRT FOR AIlALYSI~ PROG!lA~

Fe
Ni
Cu
Zn
As
50

Chart I

made for this difference, the XRF result for V would still be
low. The low V result can be attributed to the preparation
of specimens of non-uniform mass thickness due to the rel­
atively high viscosity of the oil With non-uniform specimens.
absorption corrections determined are smaller than expected.
This discrepancy becomes larger at lower X-ray energies.

Table VII lists the results for a shale oil sample. Five
determinations were made by XRF and two by NAA (neutron
activation analysis). The NAA results were obtained by Jon
Fruchter, BatteUe Pacific Northwest Laboratories. Again, very
good agreement has been acheived by these two instrumental
analytical techniques.

Table IV. Elemental Concentrations in NBS SRM 1571
Orchard Leaves (~g/g 1 20)

clement XRF NBS

Ti 18.01 8.5
V <8
Cr <5 2.61 0.3
Mn 86.5 1 4.9 91 1 4
Fe 274 1 19 3001 20
Co <6 (0.2)
Ni 1.2 1 0.5 1.31 0.2
Cu 11.5 1 1.0 121 1
Zn 25.31 2.1 251 3
Go <0.5 (0.08)
Gc <0.4
As 10.110.8 101 2
So <0.3 0.081 0.01
Br 9.01 0.5 (10)
Rb 11.51 0.6 121 1
Sr 36.31 1.3 (37)
Y <1
Zr <3
Hg <1 0.155 1 0.015
Pb 40.71 3.0 451 3
Th <1
U <2 0.029 , 0.005

Table V. Elemental Concentrations in NBS SRM 1577
Bovine Liver (~g/g 1 20)

element XRF NBS

Ti <11
V <6
Cr <4
Mn 9.4 1 1.1 10.31 1.0
Fe 267, 5 270, 20
Co <6 (0.18)
Ni <0.8
Cu 192, 4 1931 10
Zn 134, 2 130, 10
Go <0.5
Ge <0.4
As <0.3 (0.055)
Sc 1.1 1 0.2 1.1 , 0.1
Br 8.8 1 0.4
Rb 18.4 1 0.4 18.3, 1.0
Sr <1 (0.14)
Y <1
Zr <3
Hg <0.8 0.0161 0.002
Pb <1 0.34 1 0.08
Th <1
U <2 (0.0008)

are not ground sufficiently fme to eliminate particle size effects
(I Il, an overcorrection for the L X-ray lines would be cal­
culated and, in turn, a low result determined for V. However,
our Pb result suggests that the certified value is in error for
the batch of coal we purchased from NBS. Our Pb result has
been substantiated by another analytical technique, Zeeman
atomic absorption spectrometry (J2).

Ten samples (-250 to 350 mg) of both SRM 1571 Orchard
Leaves and SRM 1577 Bovine Liver were pressed into 2.S-cm
o.d. disks and analyzed. Table IV and V list the results. In
both cases, the XRF values are in excellent agreement with
the certified values.

Twelve samples (-0.5 mL) of SRM 1634 Fuel Oil were
analyzed using 4oo-s counting periods for the oil specimens,
and 40 s for the attenuation measurements. The XRF results,
listed in Table VI, are low for V and Ni. The oil was found
to contain 11.5% hydrogen and 85.7% carbon by combustion
analysis. Thus, the incoherent mass scattering coefficient of
this oil is most likely about 4% higher than that of water or
a pure hydrocarbon with a 1:1 hydrogen to carbon atomic
weight ratio as shown in Table I. Even if an adjustment was
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APPENDIX

Chart I, a flow chart illustrating the steps undertaken to
determine element concentrations is shown on page 515. For
each sample. two spectra are acquired. one for the sample
alone, and one with a target located at the back of the sample.
Additionally, once each day, 8 spectrum is acquirp.d on the
target only, Using data from the above speelra, matrix ah·
sorption corrections are established for all X-ray energies of
interest, These corrections are applied to the unfolding of
peak overlaps, as weB as to compensate for matrix absorption
for the individual element determinations. The incoherent
scattered radiation intensity. corrected for matrix absorption,
serves 85 the internal standard.
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Comparison of Different Plasma Excitation and Calibration
Methods in the Analysis of Geological Materials by Optical
Emission Spectrometry

Jan-Ola Burman and Kurt Bostrom·

Dspar1ment 01 Economic Geology, University 01 LuleA, 5·95187 LuleA, 5weden

A comparative .tudy hal been made of different dissolution
and calibration method8 lor analy.es by optical emission
apectrometry (OES) utlllzlng Inductively coupled plasma (lCP)
and capacltlvely coupled microwave plasma (MWP) as ex­
clatlon sources. The test lUbslances were geological standard
rock., In which SIO" AI,O" no" Fe,O" MnO, MgO, Coo,
Na,O, Ba, and some trace. were determined. The resuhs
show that analy.e. by MWP-{)ES are severely disturbed by
matrix ellects; only In the presence 01 large quantities 01
Ionization buffer. e,g" (Sr(NO,>.] can MWP·OES yield rock
analy.e. 01 very good qualhy, No buffers are needed lor
analy.e. by ICP·OES, lor which the matrix ellect. are re­
markably low, lCP-{)ES may sufler Irom annoying nebulizer
dlalurbance6 when concentrated IOlullons are uaed but, with
properly diluted solutions, all malor and many trace elements
can routinely be analyzed In 5().mg rock aamples. MWP-{)ES
on the other hand Is poorly .uhed lor tracit element deter­
minations.

Analysis by optical emission spectrometry (OES) has been
used for along time, in spite of the difficulties with arc and
.park excitation, The development of plasma sources such
as microwave plasma (MWP) and inductively coupled plasma
(lCP) has made it even more advantageous to use OES in
many applications (1-4). Furthermore, Govindaraju et al. (5)

have found that MWP excitation can be used with success
for routine rock analysis. The method is based on fusing the
sample with Li,B03 and H3B03 and an addition of a large
amount of ionization buffer, Sr(N03),. At our laboratory we
have successfully us.d this method, but with a simplified
fusing step to get a faster preparation procedure (6). The ICP
technique has also been used extensively for the analysis of
geological samples: Scott et al. (7), Burman et al. (8, 9).

Larson et 01. (10) showed that MWI' sources are strongly
influenced by high concentrations of easily ionized elements
like Na, whereas their study of the Na effect on Mn, Cr, Zn,
and Co demonstrated that ICI'-OES can tolerate such matrix
fluctuations much better. Comparisons between MWP and
ICI' have also been made by Boumans et al. (1 n, who found
ICP to be far more advantageous than MWP as an excitation
source,

A problem with lCP-OES is that the nebulizer function is
disturbed by concentrated solutions, an effect that is much
less prominent with MWP·OES. It could therefore be of
interest to study whether the MWP·OES method could be
used for trace element analyses, since 8 concentrated solution
by definition also must be richer in traces than a diluted one.

In a preliminary study, matrix effects for AI and Ba in
MWP·OES were investigated (9). The results were dis·
couraging but pointed to the imparlance of examining the
matrix effects on other main components in rocks, namely
SiO" Fe,03' MgO, CaO, MnO, Na,O, and TiO" These nine
elements have been examined by MWP and ICP excitation,
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Table 1. Spectrometer Performance for ARL 33000 CA

spectrometer: sequence reading; Paschen-Runge
mounting; Rowland circle diameter 1 m

grating: 1440 Iines/mm '
spectral range: 2560-6100 A
dispersion: 7 A/mm
entrance slit: 50,.,m
exit slit: 75,.,rn for all elements but Fe 50,.,m

and No 100,.,m

Table 11. Spectrometer Performance for ARL 35000
Quantoscan Monochromator

spectrometer: single chanel instrument; Czerny-Turner
mounting. Two mirrors with 1-m focal length· two
interchangable gratings '

grating (1): 2160lines/mm
spectral range (l): 1700-4600 A
dispersion (1): 4 A/mm
grating (2): 1200 Almm
spectral range (2): 1900-8000 A
dispersion: 8 A/mm
entrance slit: 20,.,m
exit slit: 60,.,m

~~~~~~~~e :~::: Parameters for Capacitively Coupled

source: ARL capacitively coupled microwave plasma,
manufactured by European ARL, and magnetron
made by Philips

power: approx. 600 W
frequency: 2450 MHl.
anode current: 200 rnA
gas flow rate: 3 L/min N2

sample uptake rate: 1.2 mL/min
electrode material: Ag
Nebulizer system: ARL·dcsign. All plastic pneumatic

nebulizer. Plastic spray chamb~r length 70 mm and
diamelcr 32 mm

observation height: 10 mm above electrode

the measurements being made in four matrix types. Some
trace element applications will also be discussed.

EXPERIMENTAL
Instrument Routines. The spectrometers are described in

Tables I and TI. The operational ccnditions for the plasma sources
are described in Tables III and IV. In an early arrangement, the
MWP unit was mounted on the nonscanning sequential reading
AHL 33000 CA and the ICP unit on the scanning monochromator
ARL 35000 Quantoscan, but subsequently both spectrometers
were placed on the optical axis on each side of the ICP. All the
MWP readings as well as the ICP readings for Si, Na, and Ba were
performed with the ARL 33000 CA. The remailling ICP mea·
surements for Fe, Mg, Ca, AI, Ti, and Ba were made with ARL
35000 Quantoscan, grating 1, (Table II). All the trace element
measurements were made 'With ARL 33000 CA. The spcctrnllines
used are given in Table V.

Each measurement involved a single lO-s integration period
after a pre-flush of 60 s. Evaluation of measurements, curve fitting
and plotting, and calculation of regression coefficient, standard
error of estimate, and standard error of the coefficients in the
calibration equation were made on a Hewlett·Packard 9825A desk
computer, (24 kbytes) with a printer/plotter HP 9871A.

Major Elements. A series of test solutions were made as follows:
(I) Metal salt solution, diluted with 2% (v/v) HNO,.
(2) Metal aalt solution, prepared as under I but with 350 mg

LiBO, added, diluted to 100 mL.
(3) Standard rock, 50 mg (12, 13) is dissolved in HFIHClO.

and finally diluted to 100 mL with 2% (vi v) HNO, (14).
(4) Standard rock, 50 mg, is fused with 350 mg LiBO, and finally

diluted to 100 mL with 27, (vi v) HNO, (6,7).
The acids used were of analytical reagent grade and the

metaborate was reagent grade, Merck 12228.
The synthetic solutions were made from Merck Titrisol am·

pules; for silica alao, Britisb Drug House (BDH) solutions were
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Table IV. Pluma Parametcm for
Inducth'ely Coupled Plasma

source: ARL inductively coupled plasma; RF generator
model Henry Hadio Inc., 3 kW

forward power: 1200 W
renee ted power: < lOW
Ar cooling gas flow: 10 L/min
Ar plasma gas now: 0.8 L/min
Ar central gas flow: 1.0 L/min
sample uptake rate: 0.8 mL/min
nebulizer system: J. E. Meinhard concentric glass

nebulizer, type T-200-A4
spray chamber of glass barrel type
observation height: Zn, 14 mm; Ba, Mg, Si, Sr, and Zr, 18

mm; Cr and Ni, 22 mm; AI, Ca, Co, Cu, Fe, Na, Mn, Ti,
and V, 26 mm

Table V. Spectral Lines Used for MIYP and ICP

clement wavelength, Aa element wavelength, Aa

Si 2516.1 X 2 I Co 3474.0 I
AI 3961.5 I Cr 4254.3 1
Fe 3719.9 I Cu 3247.5 I
Mg 2795.5 II Ni 3414.7 1
Ca 4226.7 I Sr 4077.7 11
Na 5889.9 II V 4379.2 I
Mn 4030.7 I Zn 2138.6 X 2 I
Ti 3636.4 I Zr 3438.2 11
Da 4554.0 11

Q 1:; Atom emission line. n:; Ion emission line.

used. The synthetic metal solutions were diluted to the same
general concentration ranges as those in the rock solutions of serieR
a nnd 4.

1'race Elements. A trace clement study was performed "by
reading Co, Cr, Cu, Ni, Sr, V, Zn, and Zr in HFIHClO. dissolved
standard rocks; I g/loo mL was used for ICP and 2 g/loo mL
for M\VP measurements.

RESULTS AND DISCUSSION

In our early plasma OES analyses, we used Govindaraju's
(5) MWP method, which involves the use of Sr(N0:J, as
ionization buffer. However, we quickly discovered difficulties
with this buffer. For same elements, e.g., Mo, there was a
contamination from the buffer, which obviously is a nuisance
in trace element analysis. The intensive Sr emission lines
furthermore produce line broadenings which caU8C annoying
background shift, particularly in trace element analysis.
Investigations were also made eliminating tbe Sr buffer and
with only LiBO, as flux. Govindaraju (5) reported that Some
elements like Fe, Mo, and Ti were unaffected by Sr, but that
Si and AI needed buffering. In standard rock samples with
38-76% SiO" the standard error for SiD, increases by a factor
of 3 when the Sr buffer is excluded. These results confirmed
reported advantages with Sr buffering in MWP analysis.

We also observed early that many detection limits with
MWP excitation were too poor to give satisfactory trace el·
ement data for rocks and sediments in contrast to the ICP
unit; this source has detection limits that in moat cases studied
are lower, see Table VII.

Matrix effects in MWP and ICP sources were investigated,
using the four types of test solutions without Sr buffer de­
scribed above.

The aim of the investigation is to establish an accurate and
simple routine method for plasma DES. The selected con­
centration ranges for the main elements are typical for those
obtained in routine determinations in rock, sediment, slag,
and coal ash samples.

We wanted to have the following questions answered:
(i) What are the differences between calibration with

synthetic solutions and standard reference samples?
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o 10 20 30 Minute5

I F5gure 2. Fe excitation in four matrices by MWP and ICP. All the
concentration axes are double-marked. One axis indicate the con­
centration n MgIt. n !he _ nod !he other represeocts conceob'ation
in % in the solid rock. A = series 1. 0 = series 2. 8 = series 3.
V = se~les 4, as defined in Experimental

Figure 1. Insuumental alft for 8.02, Fused s!andard rock with 52.8%
8102, The reacings are normaized to the frsl itltensrty value :;; 100%.
" = ICP, 0 = MWP A = Ianv used 101' meaStrilg deviations n readout
electronics

(ii) Is it important to match calibration solutions and
unknown samples with regard to amount of flux'?

(iii) In what way do the excitation characteristics between
MWP and fCP differ? Are there different answers to (i) and
(ii) due to the excitation source?

Instrumental Drifl. The MWP unit has persistently
shown a considerable random drift, which was particularly
annoying for SiD,. The effect of the drift can be minimized
by reading only a few samples between each recalibration.
During this study, we also noticed drift in the fCP unit, caused
by high nux content. Thus, the high metaborate concentration
led to nebulizer clogging after 15-20 min. All fCP mea·
surements that involved LiBO, were therefore done as single
element determinations since this procedure minimized the
clogging by keeping each measuring cycle as short as possihle.
A change in the sample to nux ratio from 1:7 (this study) to
1:1 eliminates clogging; these results are reported elsewhere
(8).

The drift is illustrated in Figure 1. All readings are made
over a period of 40 min. Measurement with a lamp placed
in the spectrometer housing to simulate the light emission
from n source, gave 8 relative standard deviation of 0.2%,
representing the deviations in the readout electronics.
Standard rock DR·N, 52.8'10 SiD" was used to compare the
drift between MWP and fCP sources for samples dissolved
in accordance to presently used routine methods. MWP
(sample to nux 1:7) and fCP (sample to nux 1:1) gave 8.5'10
and 1.0%, respectively, in relative standard deviation. No
in·depth study of the reasoru; for the serious MWP drift was
performed before the use of the MWP source was stopped,
but some possible explanations can be offered. Thus, n1though
the MWP nebulizer can tolerate a much higher salt load than
the ICP nebulizer, it is plausible that high Sr and nux
concentrations cause drift. When high salt concentrations nre
nebulized in the MWP, a salt layer is built up under the silver
electrode, a deposit that probably changes the gas now through
the holes in the electrode. We also observed that this salt
coating occasionally broke loose and fell down from the
electrode; it appenrs likely that such events explain the in­
tensity revitalizations that can be observed in Figure 1.

Matrix Effects. The results for nil the nine major elements
nre summarized in Table VI. The variation of slope of the
calibration curves is used as a criterion for degree of matrix
effects, For each element, the slope for series I, 2, 3, and 4
is respectively divided by the slope for series I, thereby giving
a sensitivity ratio for different matrices. The results of the
matrix effect study nre also presented graphically for two
major, AI and Fe, and two minor elements, Mn and Ba, in
Figures 2-5. The four different cnIibration series nre plotted

F5gure 3. AI excitation In four matrices by MWP and ICP. See Figure
2 for conditions

Figur. 4. Mn .xcitation In f~ matrices by M'NP and ICP. See Fig....
2 for conditions

together to facilitate direct comparison between MWP and
ICP for the same element.

It is immediately clear the MWP readings sentter much
more than the ICP data, and that a given MWP intensity
corresponds to a highly varying concentration due to influence
from matrix. ICP excitation is superior because of the relative
freedom from matrix effects.

Comments for Each Element. Fe. The matrix effects
on Fe nre smnIl for both MWP and ICP excitation. The MWP
results are the best obtained for any of the elements exam·
inated in this study. Figure 2 shows that the matrix effects
for ICP are n1most non·existent.

AI. The synthetic solutions containing Li and the fused
rocks give n1most the same sensitivity in the MWP case, but
the Li-free samples differ a great deal in sensitivity. This
indicates that the geologicnl matrix increases the sensitivity
for AI. This is also the case for Mn, Mg, Na. and Ba. The
spread of the points around the calibration curve for series
3 is reproducible. One point which by MWP-OES falls off
the calibration line (see Figure 3) is placed exactly on the
cnlibration line when the same solution is read with the ICP
unit. The reason for this anomalous behavior in MWP-OES
is not understood.

Mo. The background shift observed in Figure 4 was caused
by Mn contamination from the nux. If the curves nre cor·
rected for this shift, there is no matrix effect on Mn in the
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Table VI. Sensitivity Variations in Four Different
Matrixes; Comparing MWP and ICP Excitations

MWP

element 81/81" 82/81 83/81 84/81
Fe 1 1.2 1.2 1.2
Al 1 5.2 2.4 4.9
Mn 1 3.2 1.9 2.4
Bo 1 32 2.3 17
Co 1 4.6 1.0 2.4
8i 1 0.1 0.5
Ti 1 3.4 1.1 2.9
No 1 2.1 1.7 3.5
Mg 1 1.7 3.0 1.5

ICP

clement 81/81 82/81 83/81 84/81

Fe 1.0 1.1 1.0
AI 0.9 0.9 1.0
Mn 1.0 0.9 0.9
Bo 1.0 0.9 0.9
Co 1.3 1.0 1.1
8i 0.8 1.0
Ti 1.0 1.0 1.0
Nu 1.1 1.4 2.4
Mg 0.9 1.1 1.0

a SI1 =- slope for calibration curve of series '1. The ratio
between the slopes for series tJ and series 1 gives informa-
tion about relative sensitivity changes depending on ma-
trix. Series I, which is in the denominalor, contains only
metal salt and acid, as defined in the text.

'~/I>000

.CO # I

;.00 /~ reo, <' J'
/'~ -400

1jJ
.~r-=-£.-~ 10

0'1 0'. ~t ~ 0 01 o~ 0608""Wf!H.!
" c:c CJ) -.6:1 0 O~ Ol() en) ·1. &a

Figure 5. Ba excitation in four matrices by MWP and ICP. See Figu'e
2 for conditions

ICP case, whereas MWP-OES is strongly affected by matrix.
These MWP results contradict those by Govindaraju (5)
although we have used the same emission line. He reported
that there was no matrix effect on Mn.

Ba. The differences between MWP and ICP are very
striking for Ba, see Figure 5. The ICP curves converge to
one single line, whereas the effects of the matrix changes are
enormous by MWP·OES. There is also a background shift
caused by matrix changes in the MWP. This is not a con­
tamination shift, since it is absent in the ICP.

Ca. The maximum concentration of Ca was 50 mgjL. The
self-absorption is more apparent in MWP than in ICP, as well
as the other matrix effects. MWP sensitivity for Ca is the
same in synthetic calibration solutions without Li as in acid
dissolved rocks. This is observed only for Ca, Ti, and Fe.

Si. The two standard solutions for Si (Merck and British
Drug House) have been manufactured by different fusion
methods, resulting in high and differing Na concentrations
in the final standard solution. The test solutions in series 1
were made from these two standard solutions. Because of their
varying Na content, the slope differed by a factor of two when
these test solutions were studied by MWP-OES, the higher
intensities being observed in the Na-richer system. ICP-OES
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Table VII. Standard Error for MWP and ICP Readings of
Trace Elements in Standard Rocks

conen
MWP, ICP. range in
8y'x, 8y'x, solid rock,

element % % ppm

Co 76 25 0-110
Cr 7 9 0-2250
Cu 31 28 0-70
Ni 5 7 0-2000
Sr 32 4 0-1350
V 120 12 0-240
Zn 33 11 0-160
Zr 78 50 0-240

tolerated these matrix fluctuations much better. No silica
measuremt"nts were made in series 3, because Si was evap­
orated by the HF jHClO. treatment.

Boumans et al. (11) found that the addition of Li increased
the sensitivity of many elements in MWP-OES. This is in
good agreement with our results except for Si, where Li
additions yield considerable sensitivity drops, see Table VI.
Si is the ooly element for which we have noticed sucb a
detrimental Li effect. It should be noted, however, that Sr
buffers have an opposite effect on the Si sensitivity in
MWP-OES: this is the main reason why MWP-OES has
yielded very good Si analyses (5, 6).

Ti. Ti has also been reported (5) to be free from matrix
effects in MWP-OES. Our results are different, see Table VI_
ICP was not affected by matrix changes. Ti contamination
from the flux was observed,

No. This is the only element which was distinctly influ·
enced by matrix changes in ICP-OES, but even tben tbe
results were better than those by MWP-OES.

Mg. Mg offers an exception in the MWP characteristics.
This is the only case where a Li-frce standard rock matrix gave
greater sensitivity than the corresponding Li matrix. The
changes in ICP sensitivity are negligible.

Trace Elements_ The measured MWP and ICP trace
elements intensities were plotted against the recommended
concentrations for the standard rocks (12, 13). The spread
around the calibration curve in terms of standard enor, Sy.x,
were almost the same for Cu, Cr, and Ni. independent of
excitation source. The other trace elements, Co, Sr, V, Zn,
and Zr, showed a drastic increase in Sy'x for MWP compared
to ICP, see Table VII.

All errors due to uncertainty in recommended concentration
values, incomplete dissolution, matrix effects, and instru·
mental drift are included in the standard error. Tbe mineral
zircon is not completely dissolved by a HFjHCIO. procedure.
Dissolution difficulties was the reason for Ngh Sy-x values
for both MWP and ICP. The chromite (Cr) case is analogous.
This trace element study shows that the geological matrix itaelf
causes severe effects on the trace element determinations wben
MWP excitation is used.

CONCLUSIONS
MWP. Analyses by MWP-OES require a careful match

of samples and calibration solutions to get satisfactory resulta.
In addition to equal amounts of flux, a large amount of
ionization buffer is also needed, e.g., Sr(N03),. It is essential
that calibrations be done with standard rocks since the matrix
effect of tbe rock itself may influence the MWP excitation.
Trace element analysis can be difficult because many trace
elements are still poorly determined in standard rocks. The
only way is to calibrate with synthetic standard solutions
which in turn are difficult to make properly matched to real
samples. It is furthermore impossible to analyze samples
which are acid dissolved using calibration solutions from
fusions and vice versa.
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Nevertheless, we have analyzed a few hundred samples
(sediments and rocks) in parallel by MWP·OES and ICP·OES.
The results are in good agreement, except for Ba. It is indeed
possible to make good routine analysis of geological samples
with MWP if all the special demands on the sample prepa·
ration are fulfilled, including lhe addition of buffers (5, 6),
However, these tricky preparation procedures make M\VP­
OES a highly awkward analytical method. The fact thal the
MWP nehulizer can stand higher salt concentration than the
ICP nebulizer nevertheless makes it potentially a vcry in­
teresting source, since nebulizer malfunction is a commun
source of disturbance in routine analysis.

In many cases it is possible to delec"t matrix changes from
the form and size of the plasma. As the plasma changes, it
is obvious that a fixed optical axis through the plasma will
observe regions with different energies and thus also different
excitation conditions.

ICP·OES The freedum from matrix effects makes it very
easy to prcp~re both samples and calibration solutions for
ICP·OES. Even if different dissolution methods are mixed,
it is still possible to make accurate analysis, but the con­
taminations from reagents can cause trouble if the same
amounts of reagents are not used in all samples. The plasma
unit itself can generally tolerate very large matrix changes.
This led us to recommend thal the samples and, if possible,
the standard rocks should be uniformly prepared to minimize
the effect of contamination due to reagents. There are no
difficulties in making synthetic calibration solutions for trace
element analysis since the absence of the main clements of
a geological matrix in the calibration solutions causes no
problems. This makes it easy to prepare calibration solutions
for the analysis of trace elements thaI lack certified values,

The nebulizer and sample transportation can cause several
disturbances, but these are not true matrix effects in the
plasma. To avoid clogging of the nebulizer, we now use a new

preparation method, in which the sample to flux ratio is 1:1.
The most critical part in an ICP system is the nebulizer unit,
which needs further development. This is of importance for
making a good routine analysis system better. The very low
detection limits as well os the extended dynamic concentration
range makes JCP-OES an ever more superior analytical
method than MWP·OES,
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Determination of Microgram Quantities of Asbestos by X-Ray
Diffraction: Chrysotile in Thin Dust Layers of Matrix Material

B. A, Lange· and J, C. Haartz

u.s. Department of Health, Education, and Weftare, Public Health Service, Center for Disease Control, National Institute for OCcupational
Safety and Heaffh, 4676 Columbia Perkway, Cincinnati, Ohic 45226

A method has been developed for the determlnallon of mi­
crogram quanlilies or chrysolile (serpenllne asbestos) which
Is precise, accurate, and rapid, The method utilizes X-ray
dlffracllon techniques and has the capablllly of measuring
microgram 8I11OI.I1Is 01 etther p<.re ctvysollle or smaI quantities
of chrysotlle (typlcaUy 1-10% by weight) In the presence of
'arge amounts of matrix material, Detection Ilmlls as low as
2 po/cm' (on a filler) are clled, In developing this method,
phase analysis procedures, methods of sample preparallon,
and a technique for X-ray absorpllon correcllons were
evaluated,

The detrimental health effects of airborne asbestos particles,
notably asbestosis, lung cancer, and mesothelioma (1-3), have

necessitated the development of analytical, techniques that
can be used to monitor personal exposures to asbestos fibers.
To date, the primary method of asbestos analysis has been
fiber counting using optical or electron microscopy, but as·
sociated with this method is considerable variability in the
measurement of asbestos concentration both within and
among laboratories (4-9), Representative of this variability
is data on analyses of ambient air samples (4) which show that
differences between laboratories may be as high as two orders
of magnitude. Along the same line, appreciable errors also
occur in counting fibers collected in occupational environments
(4,6, 7), This variability is a natural consequence of ractors
inherent in the counting procedure, Le., microscope quality,
mounting procedure, and the necessity for inuorpretation by
the analysL While the present U.S, standard is still in terms
of fibers per unit volume, the severe analytical problems posed

ThIs ar1IcIo not S<bjoct to u.s. Copyright. N>llahod 1919 by tho American Chemlcal SocIety



EXPERIMENTAL
Apparatus. A Philips APD-35oo automated powder dif­

fractometer was used with a Philips XRG-3000 X-ray generator
and a scintillation counter. Small integrated peak areas were
reliably measured through the t1~ of a step scanning mode. Silver
membrane filters were used as a support for the samples and, in
conjunction with a pulse height selector and a focusing graphite
monochromator, were used to reduce background. All mea·
surements were obtained using a Philips long fine focus copper
X-ray tube run at a power level of 1400 W. The instrumental
configuration employed in this study included a 10 receiving slit
and a 20 compensating divergence slit. The positions (20) of the
analytical peaks for the various analytes examined along with the
associated scan ranges, step increments and count times per step
increment are summarized in Table 1.

Reagents. Chrysotile, obtained from Union Carbide was
designated as Calidria asbestos, high purity open. Talc was
obtained from the Sierra Talc and Chemical Company, a division

by the counting method have provided impetus for developing
an accurate, precise, rapid, and automated method capable
of analyzing microgram quantities of airborne respirable dust.
Precedence for measuring asbestos in terms of mass rather
than number of fibers has been set in the adoption hy West
Germany of a mass standard (0.15 mg/m') for airborne
chrysotile (10). The British New Asbestos Regulations,
adopted in May 1970, limited chrysotile exposure to 0.1 mg/m'
or 2 fibers/cm' (10).

X-ray diffraction (XRD) was deemed the method most
feasible for analyzing minute quantities of chrysotile and, while
a number of other investigations have been made concerning
the quantitative measurement of chrysotile hy XRD, the
quantities examined were generally in the milligram rather
than microgram range. Working in a range of 1-10 mg, Crable
et al. (11-13) clearly demonstrated the viability of XRD for
the quantitative measurement of asbestos. Goodhead (14)
used film techniques for determining percent chrysotite in a
silicon matrix, and Rickards (15) cited 10 ~g as the detection
limit for chrysotile by XRD and postulated that 50-100 ~g

could be measured in the presence of an interference.
In the process of developing an effective method a number

of factors had to be examined and evaluated. Of pivotal
importance were the following: (I) the effects of the ultrasonic
treatment used in sample preparation on X-ray response and
part.icle size, (2) the cogency of the various phase analysis
methods, (3) corrections for X-ray ahsorption by the analyle
and any co-existent matrix, (4) techniques for preparing thin
layers of dust on filters, (5) an evaluation of analytical bias
resulting from ashing of the collection filter followed by
redeposition of the analyte and (6) the detection limit and
analytical parameters associated with the method. Each of
these areas was thoroughly examined or developed so that,
based upon the results obtained from this study, a well­
documented statement can now be made about the feasibility
of XRD for chrysotile analysis. Of equal importance is the
fact that the fundamentals developed during the course of this
work can now be extended to other serpentine and amphibole
minerals, both pure and in interfering matrices.

10
10
0.5
0.6
2

Table I. Measurement Parameters

ana­
lyticalQ

peak(s), scan range,
component 0 20 0 20

chryso- 12.08 10.58-13.58
tile 24.38 22.88-25.88

silver 38.03 37.03-39.03
.-quartz 26.66 26.41-26.91
talc 9.32 7.82-10.82

a Cu K. radiation (1.54178 A).

step
incre- time per
ment, step

o 20 incr., s

0.02
0_02
0.02
0.01
0.02
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of Cyprus Mines Corporation. Silver membrane filters (Sci..
FIotronics), Millipore AA filters, and Gelman DM-450 ruters were
used at various stages in this study. Dispersions were produced
using reagent grade isopropyl alcohol (Fisher).

Grinding, Sieving, and Particle Sizing. Chrysotile (0.8 g)
was placed in a freezer mill (SPEX, Inc.), cooled to liquid nitrogen
temperature and ground for 7 min at a grinding rate of ca. 5
impacts per second. Because dry grinding may lead to some
decomposition of the chrysotile, the grinding rate and grinding
time were kept to a minimum. The ground material was wet
sieved through a 10 ± 2 101m sieve following the general method
of Kupel (/6). The talc was dry sieved as received through a I()'~

sieve using nn Allen-Bradley Sonic Sifter. All particle size de­
terminations were performed with an RCA-EM3H transmission
electron microscope.

Preparation of Suspensions. A weighed wnount of the sie...·ed
chrysotile or talc was placed in 50 mL of isopropyl alcohol and
the mixture subjected to an ultrasonic cell disruptor (Ultrasonics,
Inc., Model W140) at an output power level of 5 W until a stable
suspension was obtained. The resulting suspension was diluted
to 1 L with isopropyl alcohol in a standard volumetric flask to
give the desired final concentration. To prepare suspensions
containing hoth talc and chrysotile, separate dispersions of the
two minerals were flrst generated in the manner given above, then
combined. The final concentrations of chrysotile ranged from
5-10 ~~/mL while the talc ranged from 100-1000 ~g/mL.

Deposition of Thin Dust Layers on Silver Filters. Two
pore sizes of silver membrane filters were used in this study, 0.45
and 0.80 101m. The former was llsed to maximize sensitivity (see
Table II) and the latter for those large depositions that would
clog the 0.45-lJm membranes. Two techniques were used in
preparing thin dust layers on the sil....er filters. In the fU'St, pipetted
nliquots of the suspensions were faltered through silver membrane
filters following a carefully developed procedure as follows: prior
to removal of an aliquot, the suspension was first stirred for 1
min with a magnetic stirrer, then vigorously hand shaken, stirred
a second time for 1 min and finally hand shaken again. The
aliquot was withdrawn immediately after the second agitation
during which time the dispersion was not stirred. A positioning
collar placed on the pipet ensured that each aliquot was taken
from the center of the dispersion. Three milliliters of isopropyl
alcohol were then placed in the reservoir of a 2.5·cm Gelman
vacuum funnel prior to the addition of the nliquot. After delivery,
the pipet was rinsed into the reservoir and the mixture rapidly
filtered. The sides of the reservoir were not rinsed after fLltration.
Two types of pipets were used in this method, a class A transfer
pipet and a class A transfer pipet with the cltpillary tip removed
(recalibrated).

In the second method of dust layer preparation, the required
wnount of material was weighed out, dispersed in isopropyl alcohol
and subsequently filtered through a silver membrane filter. This
method was designed to avoid the use of a pipet.

In both methods, the suspensions were filtered using the
Gelman vacuum mter funnel giving an effective area of deposition
of 3.46 cm:!; a rectangular area 1..1 I cm x 1.59 cm (2.24 cmz) is
actually irradiated by the X.rny beam.

Filter Ashing. The Millipore AA or Gelman DM-450 filters
(with deposited talc and chrysotile) were ashed in an Intematiooal
Plasma Corporation low temperature asher for 4 h at a radio
frequency (RF) power level of 100 W with an oxygen now of 70
cmJjmin.

THEORY
Corrections for X-ray Absorption. If absolute amounts

of analyle are to be quantitatively measured, then corrections
for X-ray absorption by the analyle and by any surrounding
matrix must be made; Le., the measured intensity 1m must be
multiplied by a correction factor r to give the corrected
int.ensity J('

I, = rIm (1)

For samples of less than "infinite thickness" (17), Williams
(18) devised a method whereby the absorption coefficient of
a powder could be determined at the same time as analytical
intensities were being measured. This was accomplished by
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where I = sample thickness (em), p = bulk density of the
sample (g/cm'), and

(fi and lJi· are the weight fraction and mass absorption
coefficient of the ith component).

Since I = X/ A/p where X = weight of pure analyte (g), A
= arca of deposition (crn Z), and f = weight fraction of pure
analyte, then

By plotting intensity as a function of weight for standards
prepared from pure analyte (negligible absorption effects when
less than 200 ~g/filterl. a calibration curve is generated from
which slope (m.) and intercept (b.) may be calculated.
Substituting these parameters into Equation 3 gives a general
expression for the corrected, absolute weight of analyle (X,).

LLD,
~g/cml

sensitivity,
counts/~g

sonification
time

(f), and the mass absorption coefficient of the sample (~.-),
Equation 9 can be solved for X by numerical means (24) to
give the lower limit uf detection for the analyte in the given
matrix.

2.5h 61(1)< 4
10 min· 95 (2) 3
10 min" 108 (2) 2

a O.8.~m pore size filters. b 0.45·~m pore size filters.
C Figures in parentheses represent one standard deviation
for least squares line.

Table 11. Relation of Sonification Time to Sensitivity
and Lower Limit of Detection (LLD)

RESULTS AND DISCUSSION

\\lith reference to the areas of proposed investigation
outlined in the introduction, definitive statements can now
be made concerning the effects, importance and applicability
of these areas on this method for chrysotile. (J) While
prolonged sanification does change X-ray response and
probably particle size, those short periods of sonic treatment
used in preparing dispersions have negligible effects. (2) The
best method for phase analysis involves measuring integrated.
peak areas and normalizing by means of an external standard.
(3) Corrections for X-ray absorption call readily and .rfectively
be made when tht: analyte is present in a matrix such as talc
at le"els as low as 1% by weight. (4) Thin dust layers can
be reproducibly generated by filtering suspensions containing
particulate matter at concentrations as high as 1000 I-lg/mL.
(5) Ashing of the collection filter and subsequent redeposition
of the analyte introduces no anal)1.ical bias into the method.
(6) The detection limit for chrysotile by this method is at a
level of 2 ~g/cmz on !'dlver membrane filters, and the overall

precision of the method (rrSDl is 6.9%. A detailed discussion
of these salient points is presented below.

Effects of Ultrasonic Treatment on Particle Size. To
obtain stable dispersions of chrysotile Hnd talc. ground and
sieved samples of these minerals were placed in isopropyl
alcohol and subjected to the action of an ultrasonic cell
disruptor. Concern about the pos.c;ible reduction in the length
and/or diameter of the relatively brittle chrysotile fibers as
n result of the sanification prompted a study on the actual
effects of the sonic treatment. This concern is particularly
germane should it become necessary to usc ultrasonic tech­
niques tu redi!'perse the chrysotile after the original collection
filter has been ashed so that the asbestos may be redeposited
on silver membrane tilter,;;. In this study, comparable amounts
of chrysotile were "sonificd" for widely varying periods of time
and subsequently both sized by electron microscopy and llsed
in generating calibration curves. The results of this inves­
tigation indicate that prolonged ultrasonic treatment (> 10
min) may be reducing: particle size although insufficient sizing
data have been gathered to state unequivocally that the
apparent decrease in size is statistically significant. The
supposition of decreased particle size is horne out by the X-ray
responses of the sonified material. Calibration curves gen­
erated using the sonically treated samples show increased
detection limits and decreased sensitivity (counts/ I-lg) with
increased sanification time (Table II). These observations
are probably a consequence of the fuct that with increased
sonification time a larger fraction of t.he sample is becoming
slDali enough to either pass through the filter or lodge in the
interior of the silver filter where it is shielded from X-rays.
A more detailed study is presently being conducted to add
slatisticnl credence to the observation that sanification de­
creases particle size. At any rate, the marked response of the

(7)

(2)

(4)

(6)

-2X,u,*
Tn = exPA-/. 0

sm Ait

-R In Tn
r = 1 _ TnR

where R = sin O"./sin Ox (X represents analyte) and Tn =
1,.,/1",· where I A and I A,· represent the intensities of the
attenuated and u'nattenuated silver peaks, respectively.

Combining Equations 1 and 2

-R In Tn
I, = 1m ---,-, (3)

1- Tn

mounting the powder on the surface of a metal and measuring
the attenuation of the X-ray beam from the metal after it had
passed through the powder. Williams went on to successfully
use this method for determining quartz in various ceramics
(I8). Along similar lines Lewux (I9, 20) derived an equation
for evaluating the above correction factor based on the amount
of attentuation observed for the intensity of a diffraction peak
from an underlying silver filter. This correction factor is
expressed as follows:

Calculation of Detection Limits as a Function of the
Amount and Nature of a Matrix. Using some of the
equations established above, an expression has been derived
by this laboratory for use in calculating detection limits for
an analyte at any specified concentration in various matrices.
The theoretical ratio of the intensities of 8 silver reflection
frOID a filter with and without the thin layer of sample is given
(21) by the equation

-21'''11'
Tn = IA,/I..o = exp-.-0- (5)

8m All'

Defining the lower limit of detection (LLD) as the amount
of material required to produce a measured intensity equal
to three times the standard deviation of the background
intensity (22, 23), then at the LLD

m.X + b.
35 = 1m = 1,/1' = --1'- (8)

Substituting Equations 2 and 7 into 8 yields the expression

1 - [exp(-2Xp." / A/ sin O.,))R
3s = (Xm. + b.,) , (9)

-R(-2Xp." / At sin 0A,)

By detennining a 3s level from background measurements and
by specifying both the weight fraction of analyte in the matrix
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Table III. Analytical Results aa a Function of Phaae Normalization Method

linear correlation
coefficientRSD of slopenormalization

procedure

external
substrate
noned
external
substrate
noned

II

sample
set Ab Il" A B A B

8.7 7.9 2.5 2.6 0.9988 0.9986
8.4 8.0 3.1 3.3 0.9982 0.9972
8.8 7.9 2.4 2.7 0.9988 0.9986
6.9 9.0 2.1 3.1 0.9991 0.9980
6.6 9.3 2.7 3.7 0.9986 0.9972
6.9 9.0 1.3 1.8 0.9997 0.9993

a RSD = [I:ni(,RSDd2/Eni )1,11 i, all relative standard deviations were tested and shown to be homogeneous before being
pooled (Bartlett s test at 1% significance level). b 7.33·A peak of chrysotile (primary). C 3.65·A peak of chrysotile (secon·
clary). d Raw intensity (counts).

F~w. 1. IntenslUes of the diffracted beam from chrysotile samples
before X-ray absorption corrections (7.33 A peak)

.
a '

a a

_~_'.U.'.'".... e.-•..,,, ,......
"'<-_0.1 '"
""-".'.''''<.... ,_·.O'lu .......

a
a

. .

~ ~::::~::~.....<_"..•....c:
....LoIO_.U ••...,
+ ._<_.Mt,U

Flgur. 2. Intenstties of the diffracted beam from chrysotile samples
ahe, X-ray absorption corrections (7.33 A peak)

X·ray absorption using Equation 3. The slope (mol and
intercept (bo) values found for a calibration curve of pure
chrysotile (negligible absorption effects) were then used to
calculate the corrected weights according to Equation 4. A
comparison of the uncorrected weights to the actual weights
reveals that errors in accuracy can be significant if abscrption
corrections are not made. For example, at a level of 1%
chrysotile in talc, a lOQ-l'g sample of chrysotile would give an
apparent weight of 491'1: before abscrption correction and 102
Ilg after correction.

The effectiveness of the correction method is shown
graphically in Figures 1 and 2 where the intensities of the
primary chrysotile peak are plotted before and after absorption
corrections. The curves in Figure 1 correspond well with those

X·ray sensitivity to sonification time indicates that the
treatment time must be kept to 8 minimum.

Evaluation of Phase Analysis (Normalization)
Methods. Two methods of normalizing the raw, net in·
tensities of the diffraction peaks from pure chrysotile (no
matrix) were evaluated to determine their effect on the
analytical results. In the first method, corrections were made
for instrumental instabilities by referencing the raw intensities
to an a-quartz peak from 8 reference stone (external nor·
malization). In the second method, the raw intensities were
first externally normalized then referenced to a silver peak
(also externally normalized) from an underlying filter to
correct for any variations in the chrysotile intensity due to
the orientation, height, and variability in flatness of the silver
filter in the sample holder (substrate normalization). To
obtain the necessary data. two sets of raw intensities were
collected using two different pore size silver filters and
chrysotile suspensions that had been ultrasonically treated
for 10 min. The 7.33- and 3.65·A peaks of chrysotile, the
2.36-A peak from the underlying silver filter, and the 3.34-A
peak from the quartz reference stone were measured. The
first set of data was taken using chrysotile deposited on
0.45·l'm pore size silver filters (I) and the second with
chrysotile deposited on O.80-l'm pore size silver filters (II). The
overall analytical precision (RSD, pooled relative standard
deviation), the linear correlation coefficients. and the relative
standard deviations (RSD) of the slopes of the calibration
curves were determined using each of the two methods and
also the raw data. A Bartlett's test at a I% level of significance
shows that within each set of data (I or II) the RSDs and
RSDs of the slopes are equal, demonstrating that both phase
analysis methods give comparable results (Table 1lI), and
indicating that the physical condition of the filter is repro­
ducible and is not a critical factor when integrated intensities
are being measured. Convenience dictates the use of the
external method unless a filter is heavily loaded (greater than
ca. 2 mg) at which point the substrate method should be
employed as it provides the means for X·ray absorption
correction (see later section). Examination of Table 1lI also
reveals that in all instances the raw data give results com­
parable to both types of normalized data (Bartiett's test, 1%.
level). However, it is felt that this is simply a consequence
of the excellent instrumental stability observed over the
relatively short time period during which this study was
conducted. Long-term stability has been found to be sig­
nificantly less, and corrections should be made continuously
for instrumental instability.

X·Ray Absorption Corrections. To evaluate the viability
of the X-ray absorption correction method (theory section),
thin dust layers containing 10%,7%,5%,3%, and 1% (w{w)
chrysotile in a talc matrix were deposited on silver filters and
the intensities of the chrysotile and silver peaks measured.

The average silver peak intensity was determined using
clean filters, and the chrysotile intensities were corrected for
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detection limit,a
Jjg/cm Jmatrix

Table V. Detection Limits for Chrysotite in
Different Matrices

chrysotile,
%

that transfer pipets can be used in taking aliquots from
suspensions containing part.iculate matter in concentrations
as high as 1000 ~glmL.

Detection Limits. The detection limit for chrysotile was
defined as the amount of material required to give a diffracted
X-ray intensity equal to three times the st.andard deviation
or the background (22. 2J). Using this definition in the form
of Equation 9 the lower limit< of detection ror pure chrysotile
and for t.he various percentages of chrysotile in t.alc were
established (Tahle V). By measuring the background ra­
diation levels of the other matrices given in Table V at angular
positions comparable to those used for chrysotile background
measurements, Equation 9 was also used to predict the
minimum mass of chrysotile that could be detected in these
matrices assuming 1% chrysotile by weight.

One of the conclusions reached during the course of this
investigat.ion is that the analysis of bulk samples for relative
percent analyte should be made on samples that arc less than
"infinitely thick" (17). The procedure involves the deposition
of a known weight of sample on a silver filter, the determi­
nation of the actual weight of allalyte using the absorption
correction method, and finally the calculation of percent
analyte. The advantages of analyzing bulk samples in this
manner arc: (I) both relative and absolute amounts of analyte
can be determined simultaneously, (2) it becomes unnecessary
to prepare calibration curves based on varying percentages
of analyte in a matrix; a single calibration curve for the pure
analyte suffices, and (3) the method does not require a prior
knowledge of the identity or nature of the matrix (assuming
it is not an interference), it is merely required that the amoWlt
or sample placed on the filter be less than that which will
absorb all of the diffracted X-rays from the underlying silver
filter. By comparison, the nature of the matrix is critical in
analyzing ·'infinitely thick" bulk samples unless an internal
standard is used.

Recovery Studies. The applications of the method de­
scribed in this paper are directed primarily toward the analysis
of samples collected by small personal air samplers, attached
to workers, which draw air through a filter at ca. 1.7 Lim.
\Vorker movement, air currents, partial blockage of the face
of the filter cassette, particle size discriminators attached to
the cassette, and cassette positioning may lead to inhomcr
~eneous deposiL'i of nnalyte on the filter. The principles of
the method described above require (I) homogeneous de­
positions of unirorm thickness and (2) silver filters as support
material. Therefore, to assure optimum results, the collection
filters must be ..hed and the chrysotile redeposited on silver
membrane filters. Since concern about deposition homo·
geneity precludes direct sampling with silver filters, a study
was carried out to evaluate the possibility of bias being in·

100 2
100 3 (secondary peak)

talc 10 3
talc 7 3
talc 5 3
talc 3 3
talc 1 3
ZnO, 1 3.5
CaCO, 1 3.5
ZrO. 1 4.0
TiD; I 3.5
Fe,O, 1 4.5

a Determined using the piimary peak (7.33 A) unless
otherwise noted.

Table IV. Calibration Curve Slopes Derived from Plots
of Corrected" Intensity VI. Weight of Chrysotile (~g)

chrysotite slope, linear correlation
in talc, % countSd I#g coefficient

100b.c 108 0.9991
100b 95 0.9988

10 98 0.9984
7 111 0.9978
5 92 0.9961
3 101 0.9993
1 102 0.9938

G Corrected for X-ray absorption. b No X-ray absorp'
tion corrections. C 0.45-llm pore.size sih'cr filters used,
aU other results are for O.SO-pm pore size silver filters.
d Externally normalized.

predicted by theory (20). and the linearity of points in Figure
2 demonstrates the ebility of the correction technique to
compensate for absorption effects. The slopes of the corrected
intensity va. weight curves for the various percentages of
chrysotile in talc are given in Table IV and by their com­
parable values further demonstrate the excellent corre­
spondence between intensities that differed initially by as
much as a factor of three due to X·ray absorption.

As an additional check on the principle of this correction
technique, a portion of the data accumulated in this study
was used in determining the mass absorption coefficient (~.)

.. for talc (Equation 7). The experimentally determined value
of 33.62 cm'/g compares favorably with the calculated value
of 31.2 (25) and adds further credibility to the results ubLained.

Evaluation of Techniques Used for Depositing Thin
Dust Layers. The thin dust layers used in this study were
generated by filtering pipetted aliquots of sospensions con­
taining particulate matter. specifically talc and chrysotile.
However, there has been concern at this laboratory that errors
which could significantly affect the l>recision and accuracy
of the results may be incurred by pipetting from particulate
dispersions. The primary concerns hnvc been that the ca­
pillary tip of the pipet might foster poor precision by pro­
moting variable amounts of particulate aggregation, and filter
out 8 fraction of the particles. thereby introducing a bias into
the analytical accuracy. To test for effects on the accuracy
and precision, three different techniques were used in placing
10 mg of pure talc on three sets of 10 silver filters each. (Talc
was used as it represented the mineral component that was
used in highest concentration during the entire course of this
investigation.) In the first technique. 10.00 ± om mg samples
of talc were weighed out, suspended in isopropyl alc-ohol, and
the entire suspension was filtered through the silver filters.
In the second and third techniques. a transfer pipet and a
transfer pipet with the capillary tip removed (recalihrated)
were used to draw 10-mL aliquots from a suspension con·
taining 1000 ~g/mL or talc. The average talc diffraction peak
intensities and associated standard deviations were used to
assess and compare the precision and accuracy of the three
techniques. The values of the mean and standard d~\'iation

found for the dirfracted intensities from the weighed samples
were then assumed to be the true and best values respectively.

A statistical F-test (two tailed) show that, at a 5% level of
significance, the standard deviations associated with the
samples prepared using either the regular transfer pipet or
the tipless transfer pipet were not different from the standard
deviation found for the weighed samples (P ; 0.638 and 0.653,
respectively). A statistical ,·test (two tailed) showed that at
a 5% level of significance the average intensity of the dif­
fracted beam from the weighed talc samples is not different
from the average beam intensities of the samples that were
generated with either the regular pipet or the tipless pipet
(P = 0.151 and 0.055, respectively). Thus this demonstrates



Table VI. Count to Mass Conversion
Factors for Chrysotile

mass of 8·h
fibersll4f source sample.b IJg ref.

0.67 X 10' lexlile products 244 (27)
1.39 X 10' friclion products 117 (27)
2.25 X 10' pipe products 73 (27)
5.2 X 10· commercial buildings 31 (5)
2.0 X 10· "general standard" 82 (2B)
2.0 X 10' hygiene standard 82 (10)

a Fibers >5 IJm in length. b 1.7 LIm sampling rate.

troduced into the analytical results as a consequence of the
ashing and redeposition.

Equal amounts of chrysolile Were deposited on 12 MiUipore
AA fillers and 12 silver membrane filters (six fillers at each
of two levels; loo and 150 ~g). The AA filters were lhen ashed
in a low temperature asher and the residues redeposited on
silver membrane filters. The average intensities of the dif­
fracted beams from the 12 redeposited samples were compared
wilh those of the 12 direct deposition samples and a two tailed
t·test showed thal at a 5% level of significance (P = 0.466,
0.426, respectively) there was no difference in the means at
either of the two levels of loading. Similarly, both sets of filters
for each of the two levels gave comparable standard deviations
(lwo tailed F-test, 5% level of significance P = 0.058, 0.182,
respectively) indicating that ashing and redeposition does not
introduce analytical bias or affect the precision of lhe method.

Count to Mass Conversion. On July I, 1976, the Oc·
cupational Safety and Health Administration (OSHA) pro·
mulgated a standard for occupational exposure to asbestos
containing an 8-hour time,weighted average (TWA) con·
centralion exposure limit of 2 fibers/cm3 longer than 5 J.Lrn
(26). To determine if this level is commensurate with the
detection limit of the above method, it is necessary to obtain
a count-to-mass conversion factor for chrysotile fibers. The
results of several studies in which conversion factors were
reported arc summarized in Table VI. Quite clearly, the
results are at variance and renect not only the variety in the
sources or uses of the fibers but also the differences in
techniques used by the original investigator'S. However, based
on these correction factors, the minimum amount of material
lhat would be collected in a personal sample exceeds by at
least a factor of three the detection limit determined for
chrysotile at a level of 1% in talc and exceeds by at least a
factor of five the detection limit for pure chrysotile.

CONCLUSIONS

This study clearly demonstrates the substantial potential
of XRD as a routine t.echnique for the quantitative deter­
mination of microgram quantities of serpentine asbestos. The
utility of this method for both personal samples collected on
fillers and bulk samples is evidenl in its (I) specificity for
chrysotile, (2) low detectioo limits, (3) excellent precision,
particularly in comparison to the interlaboratory precisions
of 30-1oo')', (or greater) found using fiber counting methods
for non·occupational (4, 5, 8), occupational (6, 7). and lab­
oratory generated samples (9), (4) capability of making precise
and accurate quantitative measurements on small quantities
of chrysotile in the presence of large amounts of matrix
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material, a situation where the counting method ia at beat
difficult, (5) potential for automation, and (6) ready adapt-­
ability of the method to other asbestiform materials (e.g.,
tremolite) in different matrices.

No method is without its drawbacks, the primary one of
which in this case is the problem of interferences. Minerals
such as antigorite, lizardite, members of the kaolinite group
(kandites), and possibly chlorite are potentially serious in·
terferences with chrysotile. Sample pretreatment and X-ray
line profile analysis are two approaches presently being ex­
plored in an attempt to reduce the adverse effects of inter­
ferences.
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where So is the initial amount of substrate, S is the amount
at time I, and k is the rate constanL For an enzymatic reaction
with substrate levels well below Km, k = VmnlKm (2). The
average rate of reaction (velocity) between times t 1 and t 2 is;

exp(-kl,) - exp(-kl,)
V" = SO I, _ I, (2)

In order to find the optimal value of k which minimizes the
variation in V av for variations in h, the derivative of Equation
2 is taken with respect to h;

dV.. So
dk = I, _ I, (-I, exp(-kl,l + I, exp(-kl,» (3)

By setting this derivative equal to zero, the condition for
optimi7-8tion results;

kl, exp(-kl,) - kl, exp(-kt,) = 0 (4)

For other than the trivial solution, t l = t2, the solutions to
this equation must be found by numerical methods. The
physical situation justifies this condition as a minimum and
obviates need to examine the second derivative. Furthermore,
the natural variables are kl, and kl, and their use allows a
general solution that does not depend on the particular time
scale, i.e., minutes, seconds, hours, etc. For example, if kl,
= 0.5, then Newton's method can be used to find that a value
of kl, = 1.7565 will satisfy the equation within 0.01 %. In a
like fashion, numerous other values of kl, between a and 1
were chosen and the value of ht2 was found. The relation
between kl, and kl, is symmetrical so that values of kl, greater
than I yield values of kl, less than 1. For that reason, kl, was
limited to values less than 1. These data points are shown
as a smooth function in Figure I, where it is seen that the
optimum value for kl, increases rapidly as kl, approaches zero.
As an example in the use of Figure I, suppose the rate
constant, h, is 0.01 5- 1 and t I is chosen as 50 s. The value of
kl, is 0.5 and the optimum kl, is 1.76; hence the second
measurement. is to be made at 176 s.

Also shown in Figure 1 is the time interval of the mea·
surement, k!!.I, which of course can be calculated by sub­
tracting kl, from kl,. Its purpose here is to illustrate that the
rate measurement can be made over an interval which rapidly
approaches the total time of reaction.

In some situations, the rate constant must be modified (by
adjustment of t.he amount of enzyme) to make the optimum
times coincide with predetermined measurement times. The
ratio, kl,lkl, shown in Figure 1, allows determination of the
optimum rat.e constant. For example, if t I ::;:; 30 sand t 2 ::;:;

45 s, then the ratio is equivalent to I, I I2 or 0.67 since the rate
constant can be factored out of the rat.io. From Figure 1 it
is found that kl I =0.82 and k =0.027 s-'.

In Figure 2, curve A shows the amount of material reacting
within the measurement interval. Thus, in the example above
where kl, = 0.82, about 15% of the original amount of material
reacted to produce a difference in measurements at t 1 and t 2•

Curve B shows the amount of material reacted by the time
of the final measurement., about 70% in the example above.

Varlallon In 'he value 01 'he ra'e constant 01 a Ilrs'-<>rder or
pseudo-llral-<>rder reacllon, Is a major contributor 'A error In
'he e.'lmellon 01 .ub.'r.te Irom the rate 01 reacllon. Rate
measuremen's over any arbitrary bul fixed lime Interval can
be op'lmlzed to provide impressive raducllon In error. Irom
'hat source. Wlde-lnterval measurements Include a large
amount oIlhe available change In absort>ance and reduce 'he
need lor high precision photometers.

Estimation of chemical substances by rate methods is
becoming more common as 8 result of instrumentation which
makes rate methods convenient to use. The simplest and most
common methods are based on first-order or pseudo-first-order
reactions. The particular advantage of first-order reactions
is the fact that at any fixed time the velocity (rate of reaction)
is proportional to the initial amount of substrate (1). A great
many methods measure the rate as close to zero time 8S

possible in an attempt to measure the initial rate. For
first·order reactions, it is also true that the average velocity
between any two time points is proportional to the initial
amount of substrate (1).

It has been shown by Atwood and DiCesare (2) that the rate
constant could be adjusted to give a maximum velocity over
a relatively short interval which occurred at a fixed time after
initiation of the reaction. That an optimum Tate constant
exists, can be seen from the following argument. Suppose the
rate constant were small, then the rate of reaction would be
small. Increasing the rate constant would increase the rate
of reaction. However, in contrast to the initial Tate mea­
surement, there comes a point at which the amount of
substrate remaining at the time of measurement is so small
that the rate of reaction would be small. Thus there is a
compromise between an increased rate due to an increased
rate constant and decreased rate due to substrate utilization.
In addition to providing the maximum velocity, those same
conditions provided resistance to the effects of variations in
the rate constant (enzyme activity). Those authors were able
to show that ,1,20% variations in the rate constant resulted
in a mere 2% error in the measured rate and, hence, in the
estimated substrate concentration. The same variation would
cause a 20% error in results measured by initial rate methods.

Our purpose is to extend the optimization theory to the use
of time intervals that are large in comparison to the time after
initiation. Large time intervals will result in larger changes
in absorbance which would permit the use of instruments that
are neither so sensitive nor elegant as that used by Atwood
and DiCesare. Techniques for quickly and simply optimizing
an assay are presented and illustrated by application to the
estimation of uric acid by the use of uricase.

THEORY

A first-order reaction is characterized by an exponential
function of time;

1Present8ddr~ Departmenl of Pathology, University of Virginia,
Charlottesville, Va. 22901.

S = So exp(-kl) (1)
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RESULTS
In Figure 4 is plotted the absorbance readings from the

experiment with k = 0.013.-'. Inspection shows the initial
rate (slope of the curves at I = 0) to be greater for the curve

4r------------,

EXPERIMENTAL
A CentrifiChem 400 (Union Carbide, Rye, N.Y. 10580) was used

to collect spectropholOmetric data at 292 nm at 37°C. Reagents
fGr uric acid analysis .....ere from DuPont (Automatic Clinical
Analysis Division, \Vilmington. Del. 19898) and were chosen
because of the large Km of the uricase obtained from Bacillus
[astidiusu:i (3). Solutions of uric acid were prepared according
10 the methnd of Henry (4).

In an initial experiment wherein the reagents .....ere reconstituted
with 6.25 mL H20, the rate constant .....as measured to be 0.033
5-1 from a log velocity vs. time plot. For the purposes of illus·
tration, it was desired to use a k value of 0.013 S-I, therefore a
new set of reagents was diluted to 15.9 mL. No attempt was made
to maintain the buffer capacity, ionic strength. or pH. In view
of the results, this procedure was deemed adequate. Two time
inten'als were selected for the purposes of illustration. The first
was kt, = 004 (t, = 305) and kl, = 2.02 (t, = ISO 5). This condition
permits a measurement of over 50% of the total absorbance
available from the uric acid. A second interval was kt1 = 0.8 (tl
= 60 5) and kt, = 1.23 (t, = 90 5). This condition was the smallest
convenient time interval surrounding one reaction tlme constant
(Ilk). The value of the rate consUlnt (0.013 5-') was chosen so
that these convenient time points would approximately satisfy
the optimization conditions.

00 90
SECONDS

Flgure 4. Absorbance vs. time for two IeVe6 ot l.I'ease; N = nominal,
P = +23%

02 OA O~ 0.8 l~

k t 1 (DimenSionless)

Figure 3. Variation of plus 25% (P) and minus 25% (M) in the rate
constant and the resuhing amount of error (decrease) In rate mea­
sl.l'ement over the optiTun ti'ne Interval which corresponds to an illtiBI
measurement at kt 1
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Figur. 2. (A) Amount 01 material reacted during the optimum time
Interval which corresponds to an initial measurement at kt I' (8) Total
amount of malerial reacted by the end of the optimum time interval
which corresponds to an Initial measurement at kt 1

Notice that at least 63% of the material will be reacted and
that 100% of the material reacls in the interval when kl, =
oand consequently kl 2 is infinite, Le., the reaction has gone
to completion.

Finally, in Figure 3 is shown the error in velocity that results
from a plus. p. or minus, M, 25% variation in the rate constant
when the optimum time interval is chosen. It is seen that the
error decreases 8S kt l decreases and correspondingly, kt 2

increases. Ultimately. the error due to variations in rate
constant goes to zero, as ht l goes to zero, in which case the
reaction has gone to completion since the corresponding hI,
is infinite. It is noteworthy that the error decreases rather
slowly, even as the tolal amount of substrate converted
surpasses 90'70 at hI, = 0.3.

0.2 0.4 0.6 0.8
kt 1 (Dimensionless)

Figwe 1. OptllTlllTl tiTle relationship between measurement at the Irst
time point, kt't and the final time poUlt. kt2• The Ume Interval between
those two points Is shown as kat. Note that the rate constant has
dimensions of Inverse time so that kt is dimensionless
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where the rate constant was purposely increased 23 % (in­
creased amount of uricase). On the other hand, the average
rates of reaction, as indicated by the slope of the long dashed
lines between the absorbance at 30 and 150 s, are nearly the
same. Thus, any substrate concentrations derived from the
8lope of those lines would be nearly the same.

In a similar way, the short dashed lines of Figure <\ have
nearly the same slope and would give nearly the same results.
Whether the narrow or wide measurement interval is chosen
depends on the precision of the absorbance measurements and
the time available for the measurement (or allowable cost for
increased amounts of enzyme required for 8 short t.ime scnlc).
It can be seen from Figure 4 that nar.row time intervals will
exhibit a steeper average slope than wide intervals.

DISCUSSION
Measurements of onaJytes by rate met.hods Drc becoming:

increasingly important compared to end·puint measurements.
This is because ratc methods inherently correct for hlanks
(interfering absorbance unrelated to the analyte). Generally,
they take less time, since it. is not necessary for the reaction
to go to completion. Furthermore, the uvailability of in­
strumentation which permits com'enient rate measurements
has made the use of rate methods more popular. Ho\',·ever.
variation in the rate constant is one of the major sources of
error. The rute constant in enzyme catalyzed methods is
particularly sensitive to variations in temperature (often
7-8% jdegree) and in amount of inhibitors and activators from
the sample. Furthermore. if calibration is to he performed
occasionally, then loss of enzymatic activity on storuge be­
comes a factor. Finally, the rate constant can vnry hecause
of dilutional errors os ''''ell as variations in the amount of the
second substrate in pseudo-first-order reactions. These arc
compelling reasons for optimizing the rate measurement to
reduce the effects of such variations.

The optimization presented by Alwood and DiCe,are (2)
provides many advantages. not the least of which is avoidance
of measurements ncar to. In addition to those advantages,
the wide-interval optimization presented here permits the
measurement of larger changes in absorbance. thereby re­
ducing the need for a high precision photometer. Furthermore,
to a Jesser extent the optimizcd widc-interval measurement
is even less affected by variation in the ratc const.ant.

When it is not practical to adjust the ratc constant. then
11 must he chosen to he less than the reciprocal of the ratc

constant. With that selection, I, is automatically set and will
be greater than the reciprocal of the rate constant. Conversely,
I, may be selected and I, determined by the optimization
condition. U no conditions predispose a particular selection
of t 1 or t 2, then they may be selected to achieve a particular
absorbance change. On the other hand, both I, and t, may
be fixed by instrumental considerations in which case the rate
constant must be adjusted. All of these situations can be
handled by referral to the appropriate figures.

In nrder to apply the methods of this paper, it has been
necessary to know or to measure the rate constant. In some
circumstances, it is inconvenient to measure the rate constant.
The wide·interval optimization is still valid in those cir·
tumstances, in which cnse the average rale of reaction can be
measured for a number of rate constant..c; (or simply, amount
of enzyme) and the value which maximizes the average rate
of reactions selected as the optimwn condition. This approach
is valid since the derivative of the average rate of reaction is
zero at the optimum conditions, indicating a maximal value
in this case. However, measurement of the rate constant is
preferred because the optimal conditions can be achieved with
fewer measurements and with greater precision. Because the
peak in a graph of rate \'5. rate constant is broad, it is difficult
to select the best value for the peak.

It is anticipated that the theory of optimization for
wide-interval rate measurements can be extended to include
coupled reactions 8S ''''ell as measurements at multiple time
points in order to improve the precision. Nevertheless, the
theory developed thus far is applicable to any first- ur
pseudo-first·order reaction, even though enzyme catalyzed
reactions wcre treated explicitly. The optimized wide·interval
rat.e measurement of substrate is easy to use and offers
suhstantial advant.ages.
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In the kinetic analysis 01 substrate, lactors which aHeel the
enzymatic actlv"y will allect the estImate 01 the amount 01
substrate. Likewise variations In the activity 01 coupling
enzymes will aHeellhe estimate. By proper selection 01 the
time at which to measure the rate, variations In enzymatic
actlv"les will cause only minor variations In the rate, contrary
to the case where measurements 01 the In"lal rate are made.
Optimization theory Is developed lor variations In the actlv"y
of \he primary or the coupling or both enzymes. Four methods
are presented lor estimating the kinetic parameters used In
tha optimization.

Measurement of the initial rate of reaction in an enzyme
catalyzed assny for substrate is not necessarily the best ratc
measurement. Atwood and DiCesare (I) present a technique
for optimization which measures the rate at a time when
approximately 63% of the substrate has been consumed. That
rate measurement exhibits an impressive resistance to var·
iations in activity of the enzyme with a resultant improvement
in methodological precisiun, and obviation of the need for
making early absorbance measurements. While their theory
is developed for simple first-order reactions, some of the
met.hods involved one or more coupled reactions, with lag
phases that were significant fractions of the time from
triggering to measurement. Although they did not make a
rigorous analysis of the effecls of lag phase resulting from
coupling reactions, they did offer an explanation which ap­
proximated the effect as a fixed time delay.

Bergmeyer (2) has investigated the kinetics of coupled
reactions. The case which is of interest for the present
discussion is that of consecutive irreversible first-order re­
actions. When the end-product is measured and the rate
constants are comparable, i.e., neither step is rate limiting,
a lag phase is evident in the reaction curve. Following the
lag phase is the straightest portion of the reaction curve which
corresponds to the maximum velocity of the reaction. This
maximum velocity. which occurs at the inflection point of the
velocity curve, could be substantially different from the initial
rate of reaction of the first step. Nevertheless, the maximum
velocity is proportional to the initial concentration of the
reactant and the time at the inflection point is independent
of the initial concentration. Furthermore, the product of the
time at the inflection point and either rate constant is equal
to a respective term which depends only on the ratio of the
rate constants. In other words, the relative shape of the curve
depends on the ratio of the rate constants, not their individual
value.

Tiffany et al. (3) also studied the case of two irreversible
first- or pseudo-first-order reactions occurring in series. They
demonstrate the linear relationship between the concentration
and the average rate measured between any two fixed times.

I Present address: Missouri Institute of Psychiatry, 5400 Arsenal
Street, St. Louis, Mo. 63139.

While making no claims about the desirable amount of
coupling enzyme or the lag phase, they do state that the
concentration of substrate must be less than 0.1 K.. for both
enzymes.

In order to provide a firm theoretical foundation for the
optimiiation of coupled enzymatic measmement8 of substrate.
a kinetic analysis needs to be made for the case of two ir·
reversible first-order reactions occurring in a series. The
resulting equation will be equivalent to that derived by
Bergmeyer (2), although it will be factored differently for
purposes of emphasis. Subsequently, the technique of Atwood
needs to be expanded to the case of coupled reactions. Thus
our purpose is severalfold: (I) to derive a theory of opti­
mization which includes the effects due to coupling enzymes.
(2) to present methods for estimation of the primary and
coupling rate constants, and (3) to demonstrate the improved
resistance of the optimi7.ed assay with respect to variation in
enzymatic activity.

EXPERIMENTAL
Reagents. Urease type Ill, glutamate dehydrogenase type n,

2-uxoglutarate, and NADH were from Sigma (St. Louis, Mo.
63118). All other chemicals were reagent grade. Deionized water
was used throughout.

Instrumentation. A Gemsaec (EN!, Fairfield, N.J. 07006)
was used to gather spectrophotometric data.

Procedure. The conditions of the assay were: 60 JJrnol/L urea;
40 mmol/L Tris; 4.0 mmollL EDTA; 2.0 mmol/L 2-oxoglutarate;
1400 lUlL wease, nominal; 20000 lUlL glutamate dehydrogenase,
nominal; 200 .mol/L NADH. The reagent was adjusted with Hel
to a pH of 7.8 at 3O·C before the addition of enzymes or NADH.

THEORY
Assume the reactions Bre irreversible first order so that;

h. lit
A - B -C (1)

where hi = Vmal/ K m , for the primary enzyme and k'l =
I'..u,lK.., for the coupling enzyme. Differential equations
representing the above can be solved to give the rate of change
or velocity (I') of the final product, C;

[
h" ]I' = Aoh, exp(-h,t) h,: hIlI - exp(-(h2 - hllt)1 (2)

The term Ao is the amount of substrate at time zero and the
term AJ<, exp(-k,tl is equal to the rate of change in substrate,
A. The additional terms represent effects due to the coupling
enzyme and intermediate product, B. Thus the rate of ap­
pearance of product is different from the rate of disappearance
of substrate by a steady-state term in brackets and a transient
term in braces.

The customary technique of measuring the initial rate is
not feasible in this case because the initial rate is zero, i.e.,
there is a lag phase while the intermediate product builds up.
An alternate technique chooses a region of the absorbance va.
time plot that approximates a straight line. The slope (<IA/dt)
in this region is equivalent to measuring the peak velocity
where the rate of change of velocity and, hence, curvature of

0003.2700179/0351-0529501.00/0 <l:> 1979 American Chemical Soclety
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(3)

(6)

(5)

iJh) -Vmu:
--=--
aKm (Km )'

Hence the derivatives are different only by a constant and
would be equal to zero for the same value of time. This finding
also applies to k,.

Type II-Variations in k 2. The derivative, set to zero,
of the velocity with respect to k, is:

-k,o= ---(1 - exp 1',".,),,,) + k,llIexp-I>,-·,)I" (7)
ii, - k,

and

Newton's method was again used to obtain the numerical
solution for til' The parametric time, 'I'll = hltH is plotted in
Figure I.

Type III-Variations in k , and k, (Dilutional), The
derivative of the velocity in the most general form is:

aV o1V
d V = ilk I dil, + ilk, dk, (8)

for the particular case of dilutional errors, dk, = k,lk, dk,.
Making this substitution into Equation 8 and setting d V =
0, gave an equation which was again solved by Newton's
method to find the optimum time. The parametric time in
this case was T 111 = k,t",. The result is plotted in Figure 1
where it is seen that T", is generally shorter than T, and for
k,{k, > 5, T 111 is approximately equal to Atwood's limiting
case with a result of 1.0.

Error Surface. It is instructive to consider an error surface
around some optimum time. For these purposes, the optimum
time was chosen as T, for k,lh, = 4. As will be seen, this choice
will amply illustrate the distinction between T, and T", and
further represents a not unlikely set of operating conditions,
i.e., the observed velocity \'5. time curve is characteristic of
that for coupled reactions.

The error surface is plotted in Figure 2 for selected levels
of error. In the center of Figure 2 is the nominal operating
point. It can be seen that a ±20% change in hi is required
before the velocity measured at time I, has changed (de­
creased) by 2%. On the other hand only an 8% change in
h, is required hefore the velocity is changed by 2%. Note that
8 decrease in kz. results in an increased velocity. Because
optimization was made with respect to variations in hi it is
not surprising that the nominal operating conditions provide
the great.est resistance to changes in hi' nevertheless the
magnitude of insensitivity to such changes is impressive.
Figure 2 also shows that a 7'/,% increase in k, and k, (un-

plotted in Figure 1 where it is seen, for example, that the
optimum T, for a ratio of h, to k, of 4 is 1.3. Thus, if h, =
om s", then I, = 1.3/0.01 or 130 s. It is apparent from Figure
1 that the optimum time with respect to k, for k,/k, greater
than 10 is only slightly different from Atwood's limiting case
with a result of 1.0.

It is appropriate to inquire whether the optimization de­
pends on the nature of the change in the rate constant, since
K m will be affected by competitive inhibitors and Vm will be
affected by noncompetitive inhibitors as well as by dilutional
and temperature variations. The optimization with respect
to k, is valid for small changes in K m or V",., or both. Proof
of this assertion is seen from the partial derivatives of hI:

ak, ak,
dk, = aV",., dVmu + aK

m
dKm (4)

and noting that

~

C TI0

.~
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~
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Flguro 1, Optmal time (_less) 01 ral0 meaSU'omenl. T" Tu.
and TIU provide maximum suppresston of errors due to variaUons In
k " k~ and k, and k, respectively. T, prnvi:les ltle peak velocity. These
~ tines are to be ctvided by the rate constant, k l' to obtain
the actual time

the absorbance vs. time plot is smallest. However, Equation
2 reveals that the velocity is proportional to the substrate for
any time greater than zero. The question can now be asked;
is there an optimum time at which to measure the velocity
where the greatest precision will be obLoined. Of course the
answer will depend on the source of the variations. Of concern
here are variations in the activity of the enzymes.

In the following, the derivative of the velocity shall be set
equal to zero and the resulting equation shall be solved for
the time. Because there are two variable., k, and k" the
derivative can be taken with respect to one or the other or
an inflnite number of combinations of the two. Several
conditions are particularly useful, that representing variations
in kIt that representing variations in k21 and that representing
equal percenLoge changes in k, and k,. The first situation
occurs, for example, when 8 variable amount of inhibitor for
the primary enzyme is present in the sample or when the
primary enzyme is unsLoble and loses activity from one assay
to the next. Optimization with respect to variations in k, shall
be called Type I conditions. Similarly, when the coupling
enzyme is subject to inhibition or is unstable, then optimi­
zation with respect to variations in kz is appropriate. This
is a Type II condition. Finally, a Type III condition shall
denote equal percentage changes in k, and k,. This situation
would arise with dilutional errors, assuming that the ratio of
enzyme activities remains constant. Also, changes in tem­
perature would affect the enzyme activities in approximately
equal proportion. Thus the optimum time will depend on
which kinds of variation are most important in a particular
assay. Later on, we shall be able to comment on desirable
ratios of the primary and coupling enzyme.

Type I-Variations in k" The derivative, set to zero, of
the velocity with respect to k, is :

h,o= I - k,l, - --- - k,l,exp-I>,-·,lr'll - exp-I>'-"'I,I
k, - k ,

where I, is the optimum time at which to measure the rate
of reaction. In the event hz. is very large, i.e., an excess of
coupling enzyme, the last two terms of Equation 3 can be
neglected and the resulLont equation is equivalent to that
obLoined by Atwood (1). When k, is not particularly large,
then Equntion 3 must be solved in its entirety. An analytical
solution for tl could not be found, so resort to a numerical
solution was made utilizing Newton's method. In order to
obLoin a solution for the optimum time which was not de­
pendent on the particular values of k, and k" the equation
was scaled using a parametric time, T, = k,I,. The results are
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derdilution or u.mperature change) results in 2% decrease in
the velocity while a 32% decrement in hi and h, is required
before a 2% change in velocity is incurred. This latter ob­
servation suggests that hi and h, could be reduced approx­
imately 15% so that equivalent dilutional errors on the up
side and the down side could be tolerated. Additionally,
Figure 2 shows that such an operating point would be ap­
proximau.ly parabolic with respect to dilutional errors, hence
there would he a very small error in the velocity for small
dilutional errors. However it is not really necessary to change
the values of hi and h" but merely to measure the velocity
at a different time, tUI' This fact can be appreciated by
realizing that equal changes in h, and h, are equivalent changes
in the time scale. Thus decreasing in hi and h, cause the
velocity curve to evolve more slowly. Equivalent results would
be found by decreasing the time where the velocity was
measured on the velocity curve resulting from the original
values of hi and h,. This is consistent with the fact that till
is less than t,.

Measurement of k l and k,. In order to relate the the·
oretical curves of Figure 1 to a physical system, the rate
constants hi and h, or their equivalents must be deu.rmined
by any of several approaches.

Method A. Direct purposeful variation of the activity of
the primary and/or coupling enzyme activity by 10 to 25%
yields a straightforward estimate of the optimum time. In
particular t the intersection of the time curves for +25 and
-25% variation in hi is virtually at t,. Similarly, the inu.r­
section of the curves for variation in hi and k2 together is
virtually till' A distinction is to be made between these
crossover times and the respective optimum times since the
latter is based on infinitesimal variations in the rate constants.
There would be no difference if the variation in the rate were
a parabolic function of variation in the rate constants. The
function is only approximau.ly parabolic. However, in practice
the difference is negligible.

In many cases it is not necessary to actually determine the
values for hi or h,. However, if it is desirable to change
conditions, for reasons of operator convenience or instrumental
constraints, then some estimate is required. An estimation
of h,jh, can be made from the measurement of time of
crossover and the time of occurance of the peak velocity, tp.
Because the cenu.r of the peak is difficult to locau., it is useful
to use a least squares fit to the data points around the peak.
For velocity data which were measured over equal intervals
of time, the following simplified least squares formula is
helpful,
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tlX = _ -:--.::..Y--,-Ie--....:..,Y.:..+':..,-_
2Y_1 - 4yo + 2y+,

where Yo is the peak velocity, y_1 is the velocity in the previous
inu.rval, Y+I is the velocity in the following inu.rval, and AX
is the distance to the estimated peak from the data point
having the maximum velocity. The distance is in terms of
the time inu.rval, i.e., if the velocity was measured every 30
s, and AX were --{).3, the estimated peak occurred 9 s before
the data point with maximum velocity. Returning to the
estimation of h,/h" the ratio of t p to t, (for a crossover de­
termined by variation of hi) is equal to the ratio of T p to T I•

The latu.r ratio can be deu.rmined from Figure 1 and linear
inu.rpolation used if necessary to find the appropriau. hJh l •

Once h,/h l is known, then the other optimal times can be
determined, or individual adjustments to the activity of hi
or h, can he made for improved resistance to change or to
reduce the cost of the assay by using more of the inexpensive
enzyme and less of the other.

Method B. From Figure I, the value of h,/h, can be de­
termined if the value of Tp is known. Since T p = hit..
measurement of h" in addition to tpas descrihed in Method
A above, is necessary. The value of hi can be measured from
the u.rminal slope of a log velocity vs. time plot. This method
is convenient because both measurements can he made on a
single set of velocity data.

Method C. The rau. constants are determined from a
nonlinear least-squares fit of Equation 10 to the data.

X = Y+

Ao {I -eXP(-h,t)[ h,\,](1- ~ exp(-(h, - hl)t))}
(10)

where X represents a measured variable such as absorbance,
Y is a background level, and the other terms are the same as
in Equation 2. The parameters to be determined are; Y, Ao.
hi' h" and possibly to in cases where there exista a significant
dead time between mixing and initiation of the reaction timer.
The Box Algorithm (4) is useful in dealing with three nonlinear
terms, h" h" and to- The method requires at least 10 good
data points which include some measurements around the
time where the velocity is a maximum.

Method D. This method involves direct measurement of
h, by measuring the slope of a log velocity vs. time plot re­
sulting from 8 reaction mixture initially containing the in·
termediau. substance B in Equation 1. In the example
considered here, ammonium ion is the intermediate. From
the u.rminal slope of a log velocity vs. time for a plot resulting
from a reaction mixture initially containing the substrate. At
the rate constant, k l , can be determined also.

RESULTS
In Figure 3 are plotted the velocity data (rau. of change of

absorbance) for a sysu.matic variation in hi (Type I variation).
The curve labeled 1 corresponds to the desired enzyme ac­
tivity, curve 2 corresponds to an increase of 25%, and curve
3 corresponds to a 25% decrease. The peak velocity (cor­
responding to the straighu.st portion of the absorbance curve
which is not shown here) occurs approximau.ly at the second
velocity data point. At that time the velocities were 13%
greau.r and 17% less than the unperturbed velocity depending
as hi was greater or less than the nominal. Such variation in
results would be generally unacceptable. On the other hand,
the crossover point labeled A represents the time at which
the various perturbations have very nearly the same velocity
as the nominal, i.e., minimal error. The time of crossover. A,
is virtually the same as I, and illustrates the finding from the
error surface that increase or decrease in hi both result in a
decrease in velocity at that time. The measured decrease was
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2.5% which compares well with the predicted 2% and is a
substentially smaller error than that at the peak velocity.

In Figure 4 are plotted the velocity data for a systematic
variation in hi and h, together (Type III variation). The
results are entirely analogous to those for perturbations in hi
above. At crossover A. corresponding to 111 1> the 25% per­
turbations resulted in a decrease in velocity of 4%.

Data for systematic variation of h, (Type II variation) are
plotted in Figure 5. A semilogarithmic scale was chosen to
illustrate estimation of hi from the terminal slope. At
crossover AI corresponding to till 25% perturbations in k2
resulted in error too small to be measurable from the figure.

As expected, Figure 5 demonstrates that the three curves
exhibit the same terminal slope. Also this illustrates the point
that the velocity is different from that of a simple exponential
decay (first-order reaction) by a steady-state term. The
transient term has negligible effect on the terminal portion
of the curve. For a value of h,/hi of 4, a 25% increase in k,
results in a 6.25% decrease in the value of the steady-state
term. The observed decrease was about 6%.

Table I summarizes the kinetic constants estimated by the
several methods. The agreement with the experimental
finding is generally good. For instance, from Figure 5 the type
n crossover occurred at 124 s. The estimates of tn ranged from
127 to 145 s. In the latter case, it will be seen that Method
C generally overestimated the various times. One would have
expected Method C, the nonlinear least squares. to provide
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meas-
ured Al Am B C D

II, (s") 0.0061 0.0060 0.0061
11

2
(S-I) 0.0205 0.0226

A (s) 223 183
I p (s) 78 78 78

derived

11,/11, 4.1 3.9 3.8 3.1 3.7
I, (s) 210 216 227 218
III (s) 133 127 131 145 134
1m (s) 194 187 197 189
I p (s) 85 79

° The method of estimation denotes the particular ex­
perimental manipulations. In Method AI> one measures
the time at which the rdte of reaction is a maximum and
also the time at which the reaction curves intersect for
variations in III (see point A of Figure 3). Method Am is
like AI except that both h I and h 1 are varied keeping their
ratio constant (sec point A of Figure 4). In Method B,
one mea::;ures the time at which the rate of reaction is a
maximum and also estimates Il I from the terminal slope
of a semi log plot of the reaction data (see Figure 5). In
Method C, one fits the absorbance data by a nonlinear
least-squares routine. In Method D, one estimates hi us
in Method B and also estimates h 1 by observing the reac·
tion of the intermediate substance (see curve 4 of Figure
5). See text for full description of methods.

better ag:reement since the maximum deviation between the
measured and fitted absorbance was only 1.6 milliabsorbance.
It may be that the method was adversely affected by early
measurements before the reaction mixture was fuBy tem­
perature equilibrated.

DISCUSSION
In the design of an assay for a substance by kinetic methods,

a great many factors have a bearing on the selection of
conditions. The optimization, presented here, presumes that
variations in the rate constants (enzymatic activities) are a
dominant source of error. Depending on the rate constant
which is most subject to variation, conditions can be selected
that substantiaUy minimize the effects of such variation. In
the selection of those conditions, the optimization theory
provided the time at which the rate measurement should be
made. If that time were, for example, 10 min and it was
desired to complete the analysis in 2 min, then both rate
constants (amount of enzyme) would simply be increased by
a factor of 5. It may be observed from Figure 4 or 5 that, for



a fixed analysis time, the amount of enzyme required for the
optimized method is greater than that for the maximal velocity
criteria (approximating an initial rate measurement) yet less
than that for the end-point criteria (99% complete at 5 time
constants).

In the one-step kinetic analysis described by Atwood, the
rate of reaction at the optimum time was only 37% of the
initial rate. Even so, that rate was the greatest rate which
could be achieved at a nonzero measurement time. More or
lellS enzyme would have given a smaller rate. By way of
contrast, the coupled kinetic analysis exhibits a peak rate at
some time after initiation of the reaction and the rate of
reaction at the optimum time can range from 37% to 100%
of that peak rate. For instance, when h2/ hi is greater than
5 to 10, the optimum time of type I or III, will give ap­
proximately 37% of the peak velocity, whereas a Type II
condition will approach 100%. When the rate constants are
approximately equal, then the velocity at the optimum time
will be approximately 75% of the peak velocity in all types
of optimization.

It is observed from Figure I that the various optimum times
converge when the rate constants are equal. Under those
conditions, there are minimum errors resulting from variation
of hi or k2 or any combination of them. This is in contrast
to other conditions where, for example, selection of a Type
III optimum time sacrifices the suppression of errors due to
variation in hi alone. However, that sacrifice will be small
for h,/hi greater than 10 or less than 2. While the selection
of equal rate constants is a generally desirable condition, other
conditions might be dictated by cost consideration. Thus, less
of the expensive enzyme and more of the other enzyme would
be used. This strategy generally leads to amounts of enzyme
proportioned for equal cost and the ratio, h,/h" is thus fixed.
The actual amounts of enzyme are set by the choice of analysis
time.

It has been customary to make h, greater than h" and the
theory so far has only considered h2 equal to or greater than
hI' However, the symmetry of the differential equations is
such that the same curve would be generated for h2/ hi = 4
as for h,/h 1 =If.. For this case (h2/h, =0.25), the optimum
time would be obtained from Figure 1 by choosing a value of
4 for the ratio of rate constants and using the corresponding
value of T1 if error from k2 is to be minimized, Tn if ellor from
k2 is to he minimized, and Till for simultaneous variations.
The actual time will be calculated as from the relations; T,
= h,t.. Tn = h2t ll , and Till = h,llII'

Of the various methods for determining the optimal time,
Method A offers particular advantage because it is not
necessary that the upside and downside variations be equal.
For example, if it were expected that an increase in hi could
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be expected because of endogenous enzyme in some samples,
then the time of crossover between the nominal and excep­
tional sample could be chosen.

It is customary to calibrate enzymatic measurements of
substrate. Even though the actual time of measurement may
be far from optimum, the results will be without error if the
conditions do not vary. The consequence of non-optimum
conditions is only to make the analysis more sensitive to
variation in conditions. [t is fortunate that the optimum time
need not be known with great precision since the results of
Table [ exhibit a considerable range of estimates for the
various optimal times.

The measurement of urea under the conditions presented
here was taken as an example that would be a serviceable
assay. Nevertheless the conditions could be modified for the
sake of cost and convenience without sacrifice in quality. The
anticipated changes would reduce the amount of glutamate
dehydrogenase by a factor of two and increase the amount
of urease by a factor of two. This would make the rate
constants approximately equal. Another set of experiments
could be performed to verify that the expected conditions had
been achieved. Then, possibly, the amount of both enzymes
might be increased to move the optimum time to about 2 min,
which time is long (to reduce the required amount of enzymes)
but not affecting throughput of the centrifugal analyzer (whooe
sample loader limits the throughput to at least a 3-min cycle).

Extensions of the theory presented here could consider
additional coupling steps. Also, wide time intervals for the
measurement of the rate deserves consideration. It is not
necessary that the reaction be enzyme catalyzed, but only that
it be first· or pseudo-first-order in each step. Furthermore,
the coupling step is mathematically equivalent to an RC filter
used in analog rate measurements; hence the optimum time
for the measurement of a first-order reaction by an analog
ratemeter can be determined. Nevertheless, the point made
here is that coupled kinetic assays for substrate can be made
less subject to errors in a straightforward manner.
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Determination of Individual Ubiquinone Homologues by Mass
Spectrometry and High Performance Liquid Chromatography

Sukehlro Imabayashl,· Telsuya Nakamura, Yoshlo Sawa, Jlro Hasegawa, Kenya Sakaguchi, Takeshl FuJita,
Yulaka Morl, and Klyoshl Kawabe

Elsal Research Laboratories. EisaJ Co., Ltd.. Koishikawa 4, Bunkyo·ku, Tokyo 112. Japan

Ublquklone homologues In various arimal tissues (liver, kidney,
heart, and spleen) were determined by direct Inlet selected
Ion monllorlng. Samples were prepared by solvent extraction,
atler treating with lipase to eliminate substances that might
Interfere with the analysls. The detection limit by direct Inlet
selected Ion monitoring for ublqulnone-10 was 0.1 ng. The
same samples were also subjected to high perfonnance liquid
chromatography and resulls of this laller analysls were In good
agreement wllh results by direct Inlet selected Ion monllerlng.

The biological significance of ubiquinone as a redox carrier
in the respiratory chain has been well established (1). Further,
from a physiological standpoint, it was reported that localized
deficiencies of ubiquinone occurred in the gingiva of patients
with periodontal diseases (2), in human heart disease (3), and
in leucocytes of patients with essential hypertension (1). The
test was performed by measuring the variation of specific
activity of succinate-dehydrogenase ubiquinone reductase in
tissues (5). However, the quantitative analysis of ubiquinone
has not been described in these cases. This may be due partly
to the fact that a practical and reliable procedure for analysis
of ubiquinone homologues in biological samples had not been
developed.

However, u number of studies have been carried out on the
quantitative analysis of ubiquinone homologues (Le., ubi­
Quinone-n, with n representing the number of isoprenoid side
chains, hereafter, simply 8S Q-t1) widely occurring in animals
and plants. A survey of th~ occurrence of ubiquinone in
various vertebrates has been reported (6). Ramasarma (7)
described a comprehensive review of the analytical datu in
animal tissues. plants, and microorganisms. As a conventional
method for the determination of wtal Q-n, spectrophotometric
analysis (8), which is based on the difference in absorbanc\'
of the oxidized and reduced ubiquinone at 275 nm or ~
modified Craven test (8), has been used. Since each of these
methods utilizes the quinone nuclei as the analytical principle,
they do not give satisfactory results for determination of
individual homologues of ubiquinone. Casey et al. (9) de­
veloped a method using reverse-phase paper chromatography.
It consists of direct estimation of individual spots developed
on the paper by densitometry. The Q-II concentration (in
human blood) is also being analyzed (10) by electron capture
gas chromatography.

To develop a sensitive and simple method, the present
authors attempted to determine individual ubiquinone ho­
mologues in various tissues of animals and human blood by
direct inlet selected ion monitoring (DI-SIM) (1 I, 12), which
recently drew attention as 8 means of microanalysis, for the
detennination of individual ubiquinone homologues in animal
tissues and human plasma. Additionally, determination was
made by high performance liquid chromatography (HPLC)
(13, 14) to compare the results of both methods. For the
pretreatment of samples, in place of a conventional strong
alkali saponification method, a milder enzymic hydrolysis
using lipase was employed.

0003-2100/19/0351-0534$01.00/0

EXPERIMENTAL

Standards. All-trans standard samples (QlO' Q" and Qg) were
prepared by condensing a boric acid ester of 2,3-dimethoxy-5­
methyl-I,4-benzohydroquinone with decaprenol (or isodecaprenol),
solanesol, octaprenol, respectively, and oxidizing the resultant
horate with Ag,O (15). D1·SIM internal standard 2,3-dimeth­
uxy-5-methyl-6-3' ,7',11',15' ,19',23'.27',31' ,35',39'-decamethyl­
tetracontanyl benzoquinone (hereafter referred to as IS-I) was
prepared by' catalytic reduction of QIO with a Pd-C catalyst,
followed hy oxidation with PbO, (1U). HPLC ioternal standard
2,3,5-trimethyl-6-decaprenyl-l,4-benzoquinone (16) (hereafter
referred to as IS-2) was prepared by condensing a boric acid ester
of 2,3,5-trimethyl-I,4-benzohydroquinone with decaprenol (or
isodecaprenol), and oxidizing the resultant burate with Ag20.

Humans and Animals. Humans. Ten healthy males (28 to
43 years of age, wei~hing 58 to 79 kg:) were used.

Miet'. Five- to six-week-old female lCRjJCL mice were
purchased frum CLEA Japan Inc., Tokyo. They were maintained
on a NMF (Oriental Yeast Co., Tokyo) pellet diet for two weeks
and mice wei~hing ahout 22 g were used in the present study.

Guinea Pigs. Healthy three-month·old males and females were
maintained fur two weeks on an ORC-4 diet (Oriental Yeast Co.,
Tokyo). The weights were about 250 g when used.

Beagles. Twenty-four- to thirty-eight-month-old males and
females were maintained on a CD-l diet (CLEA .Japan Inc.,
Tokyo). The weights were about 10 kg.

Ruts. Fifteen-week-old male and female Sprague-Dawley rats
were maintained for three weeks on a CE-2 diet (CLEA Japan
Inc., Tokyo).

Pretreatment of the Samples. One to two mL of plasma wns
placed in a Pyrex glass test tube and 2.0 J.lg of IS-l was added.
To the mixture 2 mL of 10/0 p8ncreatin (Sigma Chemical
Company) solution and 0.2 mL of 4% sodium taurocholate (BDH
Chemical') Ltd,) solution were added. Subsequently, the solution
was incubated at 37 DC for 2 h. Then 5 mL of ether was added
and the mixture was sufficiently shaken and centrifuged. The
ether phase was collected in a Pyrex glass test tube. This ex·
tractiun procedure was repeated three times. The sample was
e\'aporated to dryness under reduced pressure. The resultant
residue was dissol\'ed in 0.2-0.f) mL of ethvl acetate.

Sample pretreatment in a quantitative anah'Sis of Q'TI in tissues
was as follows. The rats were decupitated, the li\'er removed, and
a portiun uf the liver (abuut 0.5 to 2 g of wet Ii ....er) was homo­
genized in a Potter Elvehjem homo&enizer. The homugenate thus
ohtained ',\'as treated in the same manner as pretreatment of the
plasma fample mentioned above. Extraction with ether was
repeated three times to ensure cumplete extractiun of IS and Q.n.

The hl,mogenized tissues \\'ere kept in a freezer and an aliquot
of the hun:ogenate was used fur determination. The determination
errors in ( ne day and between days were examined. Such errors
in the DI.SIM were within ±5%. Following the present cx­
perimenw; procedure. it was observed that the relative recovery
mtio of Q·n and IS-I from the plasma and orf{ans were almost
10<':%.

Direct Inlet Selected Ion Monitoring. The instruments used
were a JE0L JMS-DlOO and JMS-D300, both with a magnetic
sector. ~()r JMS-D300 equipment, the computer system
(.JMA-20<.{), JEOL, Tokyo) was attached to ascertain the con­
taminutioL of interfering substances. This computer system is
specially tcsigned to detect minute amuunts of interfering
suhstnnces'in biological samples. Measuring conditions were as
follows, ion:zing current, 300 IJA; ionizing voltage, 25 eV; chamber

~ 1979 Amerlcln Chemical Society
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Table I. Relative Intensities of Parent Ion Peaks of
Ubiquinone Homologue. and Internal StandardJI

ionizing voltage

and 275 nm (SPD·I). The purpose of using two differential uv
detectors was to investigate interfering substances in more detail

Fig.... 1. Direct Inlet selected 100 monitoring (DJ-5IM) of standard 0..
a". and the Internal standard (18-1). Measuring condi1ions: IooIz.1ng
cunenl. 300 JlA; ooiztng voltage, 25 eV; chamber lemperal....e, 200
°C; sample temperature. from 150 10 270°C. Measuring mass
fragment: a" m/e796 [M + 2J+; al~ m/e864 1M + 2)+; 18-1. m/e
882 IMI+

RESULT AND DISCUSSION

The SIM spectrum of a standard sample is shown in Figure
I and the chromatogram of a standard sample of HPLC
analysis is shown in Figure 2.

The analysis of QIO in human plasma was carried out by
Dl·SIM and Craven test (17). The results obtained by the
two methods are shown in Table II.

The range for the 10 individuals by DI·SIM was from 0.28
to 1.63 ~g/mL and the average was 0.85 jlg/mL.

Analysis of DI-SIM and HPLC on individual animal tissues
is shown in Table Ill. Results of analytical vaIues by D1-SIM,
Craven test, and HPLC were almost in agreement (Tables n
and III).

For pretreatment of samples, a conventional method of
alkali saponification could not entirely eliminate ~ubstances
that interferred with the analysis (such as triglyceride-like
compounds) by the DI·SIM. Treatment with lipase removed
this difficulty. The effectiveness of the lipase pretreatment
was clearly shown on the SIM pattern of extracts of tissue
samples. Using DI·SIM and HPLC analysis, measurements
were made for the various animal tissues. In all cases, using

10B
I

6

min

c.

C,.

1$-1

I

0 2 4

Qn mle 70 eV 30 eV

Q. 728 60 64
Q. 796 31 33
Q" 864 22 24
IS·1 882 100" 100"
IS·2 832 26 28

Dl·SIM Craven test,
subject ~glmL ~g/mL

1 1.35! 0.11" 1.41 ! 0.36
2 1.26! 0.09 1.15, 0.23
3 1.04 , 0.11 1.03.0.17

Table II. Comparison of Human Plaama Level
Determined by Dl·SIM or Craven Test

a Arbitrarily assigned.

a Mean .t SEM for three determinations for a sample.

temperature, 200 °C; probe temperature pro~rammed from 150
to 270 'C; measuring SIM: Q" mle 796[M + 2J+; QIO' mle 864
1M + 21+; IS·I, mle 882 IMI+; IS·2, mle 832 1M + 21+. The
appearance of parent ion peaks of ubiquinone homologucs and
internal standards under two ionizing voltage conditions is shown
in Table I.

The extract was dissolved in 1 to 5 ilL of ethyl acetate, the
presumed content of QIO being 0.1-100 ng. At this point, the
solution was placed in 8 glass capillary, which was heated with
a drier to evaporate the solvent. A standard sample for 0 cali·
bration curve was prepared by adding cholesterol in the amount
of I to 5%. The cholesterol was added only in the standard
samples to stabilize evaporation of ubiquinone homologues Dnd
to obtain a typical 81M pattern. In such a case, high repro­
ducibility was easily obtained and sHnear calibration curve was
obtained.

High Performance Liquid Chromatography. Chroma­
tography was performed on a Shimadzu Le-! pumping system.
Shimadzu SPD·I (scanning UV detector) and UVD·! (254·nm
UV detector). The column WllS a Shimadzu·Du Pont "permaphnse
ODS" (I m X 2.1 mm, particle size: 30 ~m). A solution of degassed
speclroquality methanol (HPLC grade, Wako Chemicals. Osaka)
and distilled water was used as the gradient-elution mobile phase
programmed for a linear I % per minute increase in methanol
concentration from a startin~ mixture of 80/20 (v/v) metha­
nol/water taken to 100% methanol. The measuring temperature
was 45°C. A lOOO-psi head was de\'eloped at a now rate of I
mL/min. Column effluent wos monitored at 254 nm (UVD-I)

Table III. Occurrence of Ubiquinone-g and ·10 in Animal Tissueso

Dl·SIM HPLC

animal tissue Q.

mouse liver 87.5,18.'1(6)·
kidney 321.5,26.1 (6)
heart 151.0' 18.6 (6)
spleen 24.5 , 4.6 (6)
thymus 77.5' 27.0 (5)

rat liver 148.5' 18.7 (3)
kidney 103.2' 22.9 (3)

Ruinea pig liver
kidney
heart

rabbit liver
kidney

beagle dOi: liver
kidney

mongrel dog liver
kidney

Q,.

6.7,2.4 (4)
29.1,6.5 (4)
19.1' 2.9 (5)

N.D.'
28.7, 11.0 (5)

77.5, 7.5 (I8)
230.7 , 10.5 (18)
220.5,8.6 (18)

145.7! 14.8 (5)
185.4! 13.6 (5)

Q.

83.5,8.3 (4)
298.0,35.1 (4)

169.2,85.1 (IS)
128.2, 47.2 (15)

4.5, 2.0 (18)
trace
trace

trace
trace

13.8! 3.2 (4)
trace

Q"
5.6,2.3 (4)

26.7! 4.1 (4)

79.7! 7.9 (18)
224.5, 10.0 (18)
227.818.4 (18)

77.81 10.6 (4)
147.7! 12.8 (4)
138.3, 13.9 (5)
177.7 , 14.0 (5)
142.4! 29.7 (4)
213.51 33.9 (4)

° Jjg/g wet tissue (mean ±SEM). b Figures in the parentheses represent number of animals. C N.D.: not detectable.
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Figure 2. HPLC of standard O-n. Measuring conditions: column,
Permaphase OOS 1 m X 2.1 mm i.d.; mobile phase. MeOH (HPlC
gredef-weter (pH 5.0-7.0); gradient. 80/20-100/0 (MeOH/H20); flow
rate, 1 mL/mln (70 kg/cm2); 1empera1lKe. 45°C; measuring wave­
lengths. 254 nm (UVOol) and 275 nm (SPOol)

either one or the other of the two methods, consistently
reproducible results were obtained (Table III).

In order to be sure of the results of the HPLC analysis, two
types of detectors (SPD-I and UVD·1) were attached to the
HPLC apparatus and the measurements were made at two
different wavelengths (275 and 254 nm). The analytical results
ohtained were always the same for the two wavelengths. This
fact means that the analytical data obtained are not disturbed
by contaminants.

In the DI·SIM analysis, a check was also made by mass
chromatography (JEOL model JMS D·300 with computer
system). By use of a mass chromatography analysis, it was
possible to confirm the adequacy of the established quan­
titative analytical procedure with DI-SIM. A comparative
study of the DI-SIM method and Cra"en test method was
made using normal human plasma as the sample (Table 11).
The results obtained showed good compatibility of the
ubiquinone concentration.

Theoretically, in the DI·SIM analysis, the number of si·
multaneous determinations of individual ubiquinone hu­
molob'Ues is l>ermitted in accordance with the channel number
of the multi-ion detector in the apparatus.

LITERATURE CITED
(1) J. W. DePierre and L Ernster. Ann. Rell. Biochem .. 46. 201-262 (1977).
(2) R. NakamlX8. G. P. Uttarru. K. FoD<ers. and E. G. Wilkilson. Proc. Nat/.

Acad. Sci. U.S.A .• 71, 1456-1460 (1974).
(3) G. P. UtlamJ. L. Hoand K. FoI<ers. Int. J. Vitam. NcAr. Res .• 42. 413--434

(19721.
(4) T. Yamagami. Y. Iwamoto. and K. Folkers. Int. J. Vitam. NutT. Res .•

44. 404-414 (1974).
(5) R. Nakamwa. G. P. Littarru. and K. Folkers. Int. J. Vitam. Nutr. Res .•

43. 526-S36 119731.
(6) A. T. Diplock and G. A. D. Haslewood. Biochem. J .• 104. 1004-1010

(1967).
(7) T. Ramasarma, Adll. Lipid Res .. 6,107-180 (1968).
(8) F.l. Crane and Alta Barr. "Methods in Enzymology". D. B. McCormick

and l. D. Wright. Ed., Academic Press, New York. 1971. Vol. 18, Part
C. pp 137-181.

(9) A. C. Casey. P. Myers. and A. lee, J. Ctromatogr., 72, 365-371 (1972).
(10) H. Morimoto. I. lmada, T. Amano. M. Toyooa, and Y. Ashida, Biochem.

Mod .. 7.169-177 (19731.
(11) C. G. Hammar and R. Hessling, Anal. Chem., 43, 298-306 (1971).
(12) W. Snedden and R. B. Parkor, Anal. Chern .. 43, 1651-1656 (1971).
(13) P. l. Donnahey and F. W. Herrrning, Biochem. Soc. Trans., 3. 775-776

(197SI·
(14) I. A. Tavares. N. J. Jotvlson. and F. W. Hemming, Biochem. Soc. TTans .•

5,1771-1773 (1977).
(15) S. Kijima. I. Yamatsu. K. Hamamura, N. Minami. Y. Yamagishi and Y.

loai. U.S. PatenI3.998,e58 (1976): Chem. AbstT .• 86. 171664z (1977).
(16) J. G'een and D. McHale. "Biochemislty 01 Quinones", R. A. Monon. Ed.•

Academic Press, london and New York. 1965, pp 261-285.
(17) E. Redalieu. I. M. Nilsson. T. M. Farley. K. Folkers. and F. R. KonitJszy,

Anal. Biochem .. 23, 132-140 (1968).

In studying the physiological role of ubiquinone in tissues
or blood, it is necessary to determine the concentration of
individual homologucs in the mixture in a Quantitative
manner. Although this can be accomplished by several
methods (8, 9, 17), these procedures require large amounts
of samples. However, our method is a practical recom­
mendation for quantitative analysis of individual ubiquinone
higher than Q" homologues, which are widely distributed in
small amounts in the animal and vegetable kingdom.
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Stoichiometry of the Reaction of Electrons with
Bromotrichloromethane in an Electron Capture Detector

E. P. Grlmsrud· and S. H. Kim

Department of Chemistry. Montana State University. Bozeman. Montana 59717

A detailed study 01 the reactions 01 CCI,Br with electrons and
positive Ions under conditions existing In an electron capture
detector (ECO) Is reported. Measurements 01 Ions by at­
mospheric pressure Ionization mass spectrometry (APIMSj
Indicate that each CCI,Br molecule which undergoes electron
capture removes only one electron and the resulting neutral
products do not undergo lurther electron atlachmen! to a
slgnilicant extenl. Also, under the condilion where electrons
are In abundance In the ECO, It Is shown that no significant
loss 01 CCI,Br due to reaction with positive Ions occurs. These
resulls lend lundamental support to assumptions of chemical
reactivity Inherent In the use 01 the ECO as a gas-phase
coulometer.

The electron capture detector (ECD) responds sufficiently
sensitively to certain halogen-containing compounds as to
cause ncarly 100% ioni1.lltion of these within this detector in
their analyses by gas chromatography. This observation has
prompted several investigations of the use of the ECD as a
gas-phase coulometer (1-3) in which the number of electrons
lost as measured simply from ECD peak areas was reported
to be nearly equal to the number of sample molecules passed
through the cell for compounds such as SF" CCI" CFCI,. and
CF,Br,. The successful application of this form of gas-phase
coulometrj to these and perhaps to other strongly ECD-active
compounds would provide an extremely useful method for
trace analysis because of the considerable difficulty incurred
in preparing reliable calibration standards at environmental
concentration levels.

If the ECD is to be made to function successfully as a gas
phase coulometer t several individual criteria of the overall
method might be envisioned. These would include at least
the following: (I) Electrons must be in excess of sample
molecules. (2) The electron capture reaction must be nearly
complete (nearly 100% destruction of sample molecules). (3)
The stoichiometry of the reaction of thermal electrons with
the sample molecules must be 1:1 (or some other known ratio).
(4) No side reactions of the sample molecule may occur. (5)
The current monitored from the ECD must reflect the ab­
solute magnitude of electrons present in the entire ECD cell,
and an ECD response must reflect absolutely the loss of these
electrons to EC reactions. In previous studies of gas-phase
coulometry (1-3), experiments were designed to test the
apparent overall validity of the method by comparing an
observed response with a known amount of sample passed
through the cell. Also, with the instrumentation available in
the previous studies, requirements 1 and 2 could be indi­
vidually examined. By the use of tandem ECDs it was
convincingly demonstrated that strongly ECD-active com­
pounds are nearly completely consumed by the electron
capture reactions within the first detector.

While these initial tests of gas phase coulometry are en­
couraging, it nevertheless remains desirable to examine in­
dividually the remaining criteria of this technique. From
experiments we have recently reported (4), it might be ex-

pected that requirement 5 is not precisely satisfied with at
least some ECD cell designs. We have shown that the cell
current obtained from a pulsed ECD of the concentric pin
design may be significantly reduced because of the migration
of positive ions to the sampling anode pin during the period
between voltage pulses. For our cell conditions, this positive
ion component of the net current was shown to be about 28%.
Another potential complication of requirement 5 may be
positive ion-electron recombination which has recently been
suggested as an imJX>rtant electron loss mechanism within the
ECD (5). It appears, therefore, that requirement 5 of gas­
phase coulometry warrants further individual study_ In this
article we wish to report experiments designed to test the
chemical reactivity requirements 3 and 4, individually. This
is done by measuring the negative ions produced by the
electron capture reactions of CCl3Br and the positive ions
formed by competitive ion-molecule reactions. The mass
spectrometer used is a specialized atmospheric pressure
ionization mass spectrometer (APIMS) where its ion source
is an actual ECD.

EXPERIMENTAL

The ECD/APIMS instrument used for this study was
home-built and has been described in detail previously (4, 6). This
instrument is essentially an aunospheric pressure ionization mass
spectrometer (7) where the ion source has an internal volume (l
cm:l) typical of 63Ni ECDs and includes a coaxial pin which scrves
as the ECD anode. With this instrument. the ECD response to
an electron capturing oompound can be monitored along with mass
spectral measurement of the ions simultaneously formed in the
source. as shown in Figures 1 and 2. We have shown previously,
however, that the application of voltage pulses to the anode pin
can adversely affect the intensity of negative ion signals si­
multaneously monitored (4). The cause of this interdependence
is not that negative ions are destroyed or chemically altered by
the field, but is thought to be due to the creation of a positive
ion. space-charge field after the removal of electrons by individual
\'oltage pulses, and the subsequent containment of negative ions
within this positive-ion cloud (4)_ With no fields applied to the
ion SOUTce, charge neutrality exists throughout the ion source (5)
and the negative ions formed by electron capture reactions can
be observed even in the small sample condition. For this reason,
the measurement of negative ions within the ECD was always
made during separate, repeated GC analyses with the ECD
function of the ion source turned off. All ECD current mea­
surements reported here were obtained by applying to the anode
+48-volt pulses of 1.5-"s width and frequency 550 Hz. The ECD
current shown in Figures 1 and 2 is the total unprocessed current.
The standing current observed with this confJ.gUtation was about
1.0 nA.

Mass spectral measurements in all cases were made with the
resolution sufficiently relaxed so that the ion current due to the
entire group of halogen isotope clusters in a given measurement
was monitored. In the determination of the relative CI- and Br­
ion concentrations reported in Tables I and n, the measured ion
intensity ratios such as shown in Figure 1 were corrected for mass
bias of the overall mass spectrometer system. This correction
factor was determined by measuring the intensities of CI- and
Br- produced by the addition of continuously larger samples of
C,CI. and CH,CICH,Br until a saturated condition of the ion
source was observed. It was found that at saturation with
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If tllls reaction is followed by further electron capture reactions
of any of the neutral products, such as reaction 2

which will be accompanied by the production of CI- ions, a
nonequivalent relationship between electrons consumed and
molecules of CCI3Br consumed would be expected. The
relative importance of reaction 2 can be tested by measuring
the abundances of Br- and CI- in the ion source. In Figure
1 are shown ECDjAPIMS chromatograms of several CCI3Br
samples where the amount of sample is varied from 2 X 10-8

J
.1

I

Jl
Ion
current l
CI

J

temp- flow
erature, rate, sample size,

°c mL/min g Br-/CI·a

150 50 2x 10~11 -3.2
2 X 10- 11 3.8
2x 10- 1" 3.8
2x 10'· 3.5
2x 10" 3.5

250 50 2 X 10-11 3.8
2 X 10- IQ 3.6
2 X 10-') 3.7
2 X I O-~ 4.1

300 50 2 X 10- 10 3.9
250 75 2 X 10-10 3.5

50 4.0
36 3.6
18 4.2

a Ion concentration ratios are obtained from measured
rna&<> spectral ion signal ratios and are corrected for mass
spectral bias effects as described in the Experimental
section.

Figuro 1. ECOIAPIMS analyses of CCl3Br where the EC response and
the Sr and CI- Ion signals are monitored for samp'e sizes (a) 2 X 10-8

g, (bl 2 X 10" g, (c) 2 X 10'" g, (d) 2 X 10'" g, and (e) 2 X 10'"
g. Ion source temperatLf"e is 250 °C. carrier gas flow rate 50 rTt.. min~l

Table 1. Ratio of Br- to CI- Formed in Electron Capture
by CCl,Br

to 2 X 10-12 g. The two samples of highest concentration cause
saturation of the ECD and the three lower concentrations
cause progressively smaller responses until, in chromatogram
e, the condition for coulometry that electrons be in excess of
sample is clearly met. For all sample sizes, Br' and CI­
negat.ive ions, and no others, were observed. The similarity
of total ion intensities observed in chromatograms a and b
of Figure 1 reflect the saturated condition where aU available
electrons have reacted to form CI' and Br- ions. The decrease
in total ion intensity from chromatogram c to e appears to
be in harmony with the corresponding ECD responses. The
indicated presence of CI- in Figure I may on fust consideration
suggest that reaction 2 does occur to some significant extent
following reaction 1. On c10scr inspection, however, it is noted
that the ratio of Br- to CI- signals appears to be constant,
about 8 to I, in all cases. After correction for mass spectral
bias, the ratio of Br- to CI- concentration is about 4 to I.
Furthermore, as shown in Table I at the same temperature,
250 ·C, with different carrier gas flow rates, the ratio of Br-

(I)

(2)

e- + CCI3Br - Br- + CCI3

CH,CICH,Br, the Br' signal is 2.0 times greawr than the CI signal
at saturation with CzCl•. In each case. these were the only ions
of significant intensity observed. Assuming that at saturat.ion,
all of the [mite number of electrons within the source are converle<1
to these negative ions. the overall mass spectrometer system was
deduced to be 2.0 times more sensitive to Br- thol1 CI. The
measured inwnsity ratio of Br to CI divided hy 2.0, was, therefore,
taken as 8 measure of the rat.io of I3r- to CI- concentration within
the ion source. The precise calise of the mass bios is unknown.
It has been shown (5) that positive ion-negative ion recombination
will be 8 major loss mechanism for negative ions within an API
source. Thus, 8 difference in the recombination rales of CI- and
Br- would contribute to the overall mcafiured bias. In the uUovc
experiments, however, we have also monitored the total pusi­
tive-ion signal and obser....ed no significant differences between
the CI- SIlturated and Br- saturated cases. If rccombinatiun ratcs
differed, this should have been renect.ed in the positive-ion signal,
and we tentatively conclude that this is not the cause of the iun
measurement bias. \Vith our instrument (6), only a very small
fraction of the total number of ions present in the exp8ndin~ gns
stream emitted from the source cnters t.he quadrupole mass
analyzer. It seems likely that it is in this gas expansion regiun
(where a few relatively inefficient. iun focusing lenses nre located),
that the ion measurement bias occurs. \\'hatcvcr the causc of
this bias. the above procedurc should provide the correction
necessary 80 that a measure of Cl- and Br- production ralt.'S within
the source arc obtained. Furthermore. any smull errors introduccd
by this procedure do not alter the conclusions to be drawn here.

The gas chromatograph used in an Aerograph Autoprep A-7oo.
The GC column was mode from I/S in. X 10 ft stainless steel tuhin~

packed with 10% SF-96 on Chromosorh W. The oven tem­
peratures used were from 25 to 50 °C. The carrier gas was
ultrahigh purity nitrogen (Matheson) which was further purified
by passing it through a trap containing CaSO. and 5A molecular
sieve. A heated, lIs-in. stainless tubc connect.ed the GC t.o the
ECDjAPIMS.

Samples were prepared by the successive dilutiun of the
compounds of interest (purchased from commercial suppliers)
into hexane. These were injected into the sampling port of the
GC with a l·J.lL syringe. Repeated injeclions were reproducible
to within ±5%.

RESULTS AND DISCUSSION
In investigating the validity of requirement:l of gas·phase

coulometry, CCl3Br provides an ideal molecule for study with
our ECDjAPIMS because the relative amounts of Br and CI'
produced in its reaction with electrons will reflect details of
the overall mechanism. Since CCI, has been shown to possess
a very high ionization efficiency within the eoulometric ECD,
CCI3Br might also be expected to be of the type susceptible
to complete reaction (8). Furthermorc, since the mechanism
of electron capture by CCI, and CCI3Br might be expected
to be dissociative electron capture yielding a halide ion (9)
and it is known that brominated molecules undergo electron
capture more readily than chlorinated molecules (8), the
neutral fragment produced most abundantly in each case is
probably CCI3• Thus, the tests of requirement 3 for the case
of CCl3Br probably apply also to CCI,.

A likely first step in the electron capture by CCI,Br is
reaction I, producing Br-.
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Reaction Sa should be faster than reaction 5b, since reaction
5a is more exothermic than 5b by about 14 kcal (calculated
from the electron affinities of Br- and CI-, 78 and 83 kcal (IOJ,
respectively, and the bond dissociation energies of the C-Br
and C-CI bonds in CCl,Br, about 54 and 73 kcal (11), re­
spectively). However, if the rupture of a carbon-halogen bond
occurs immediately upon electron attachment to the molecule
(9) and prior to its stabilization by collisions, the route by
which the excited molecular anion falls apart will be only
somewhat sensitive to this energy difference which is small
relative to the excess energy of CCI,Br species, probably about
47 kcal (10). If reaction 5, alone, produces the Br- and CI­
ions observed, this would explain the insensitivity of the

Br"/CI-b

8
9

17
26

>200
>200
>200

sample size, g

1.7 X 10- 111

1.7 X 10-'
1.7 X 10-'
1.7 X 10- J

1.7 X 10·'
1.7 X 10-'
1.7 X 10- 7

p-CIC.H,Br

CH,CICH,Br

Table II. Ratio of Br- to Cl- Formed in Electron Cap­
tureD by CH, ClCH, Br and p·ClC.H,Br

a Ion source temperature is 250°C. Carrier gas flow
rale is 50 mL/min. b Ion concentration ratios arc ob­
tained from measured mass spectral ion signals and are
correcled for mass spectral bias effects as described in the
Experimental section.

measured Br- to CJ- ratios to variations in CClaBr concen~

lralion and to changes in the carrier gas flow rate and ion
source temperature, since the relative rates in reaction 5 should
be largely independent of these variables. For the same
reasons as put forth in the above consideration of reactions
1 and 2, following reaction 5 no further electron capture by
the neutral products, CCI, and CCl,Br, apparently occurs.
Since reaction 5, alone, provides the only reasonable model
of electron capture events for this molecule that we can
envision which is consistent with the mass spectral mea­
surements, we conclude that it is probably valid. As this
relates to our consideration here of gas-phase coulometry, it
appears that requirement 3 is being met for CCl,Br, and that
the stoichiometry of its reaction with thermal electrons is 1:1.
It may seem surprising that neutral products such as CCI, do
not appear to undergo further electron attachment. Their
electron affinity is nearly as large as the original substrate
molecule (10). Evidently, these do not attach electrons rapidly
or perhaps they are scavenged by carrier gas impurities such
as H,O, 0" hydrocarbons, or column bleed to form other
relatively inactive compounds, such as CHCI, (3). Some of
these impurities will always be in very great excess over
electrons in any practical analysis system. For example,
"oxygen-free" nitrogen may easily contain 1 ppm 0, or about
1013 molecules em-' (or mL-1) at one atmosphere pressure. The
electron concentration in the ECD is probably about 10" em""
(or mL-1) (5), five orders of magnitude less than that of oxygen.

Two other molecules containing both a bromine and
chlorine atom, l-bromo-2-chloroethane and p·bromochloro­
benzene, were elUlfllined in the same manner as CCI,Br to see
if these might add additional insight into the CCl,Br case.
These molecules differ from CCl,Br in that the ECD response
to each is not as great, and only a small fraction of these
molecules is expected to undergo electron capture. The results
are reported in Table II.

For CH,CICH,Br, a sample sire of 1.7 X lO- tO g was required
before the CI- ion was measurable with acceptable precision.
At this sample size, the ratio of Br- to Cl- produced is observed
to be 8 to I. Ifone accounts for the statistical factor that this
molecule has only one chlorine atom while CCI,Br bas three,
it would appear that CH,CICH,Br falls apart upon electron
attachment in a manner roughly similar to that of CCl,Br,
without a great deal of sensitivity to the lowest energy
pathway, which in this case iavors Br· production by about
7.5 kcal (bond dissociation energies of the C-Br and C-CI
bonds in this molecule are probably about 69 and 82 kcal (11),
respectively). The observation that the ratio of Br" to CI­
increases to about 26 to 1 for the largest sample size of
CH,CICH,Br may upon first consideration be taken to reflect
a mechanism similar to reactions 1 and 2 previously discounted
for CCl,Br, where reaction I becomes progressively more
favored over reaction 2 with the addition of excess CH.CI·
CH,Br. An alternative explanation, however, is that only an

(5)

(4)

-" B,- + CCI, (a)

e- + CCIJBr
'> CI- + CCI,Br (b)

~fj, =I+~
~Cl- Vk,~,

Since the observed ratio of ~B,-/~Cl- equals about 4, the
second term in Equation 4 must be considered important if
this model is valid. This term, however. varies with flow rate
and also with '1e which, in the experiments here, has been
varied by changing the sample size. Since the measured ratio
of Br- to CI- has been shown to be insensitive to changes in
both the sample size and carrier gas now rate, it appears that
reaction 2 is not producing the CI- ion observed. Furthermore,
any reaction scheme in which CCI, changes to another neutral
molecule which then undergoes electron capture to produce
CI- will also be inconsistent with the obsen'ed Br- to Ct- ralios.

An alternative description of the electron capture reaction
of CCl,Br might be envisioned in which reaction I is modified
slightly to allow the formation of CI- competitively with Br-,
as shown in reaction 5.

to CI- produced is also close to 4 to I in all cases. The
measured amounts of Br- and Cl- nre also insensitive to
variations in temperature to 150 and 300 °C. If it is assumed
for the moment that CI- is generated from reaction 2 these
results suggest the unlikely occurrence that only o~e and
always one out of four CCI, radicals produced by reaction I
undergoes electron attachment for a1l concentrations of
CCl,Br, for all now rates, and at all temperatures. The relative
amounts of Br- and CI- which might be expected from the
model comprised of reactions I and 2 can be calculated from
the following coupled rate equations:

d~",-
dt = kl~'~CC1,R, - R~+~fj,- (3a)

d~Cl
dt = k'~'~CC1, - R~+~Cl (3b)

d~cc~ F
~ = kl~,~CC1,ll,- k'~'~CC1, - V~CC1, (3c)

where the terms t1j are the number of densities of the indicated
species i,t1-t is the total positive ion density, hi and k2 are the
rates of reactions 1 and 2, R is the rate constant for positive
ion-negative ion recombination, F is the carrier gas flow rate,
and V is the detector volume. The rate Equations 3a and 3b
ignore the contribution to loss of CI- and Br- due to diffusion
to walls and ventilation through the detector, since these have
been shown to be insignificant relative to ion recombination
within an API source (5). Loss of CCI, by ventilation is
included as the last term in Equation 3c. If the steady-state
approximation is applied to reactions 30-c, Equation 4 is
obtained.



Figur. 2. ECOIAPIMS analyses of CCl,Br where the EC rasponse and
the ion signals duo to CBrCI,+, CCI +. and B..- are moo~ored for sample
sizes (a) 2 X 10" g, (b) 2 X 10'1~ g, and (c) 2 X 10'" g. Ion source
temperature Is 250 °C and carrier gas flow rate 50 mL min-I
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electron capture reaction similar to reaction 3 again is im­
portant, but that ion molecule reaction 6

Cl' + CH,CICH,Br - Br' + CH,ClCH,Cl (6)

also occurs and increases the observed Br' to Cl' ratio under
the condition of very great excess of sample. Nucleophilic
displacement reactions of CI' with aliphatic bromides have
previously been shown to occur with an appreciable rate in
the gas phase (12), and the observed increase in the Br' to
CI' ratio with increased sample size might have been expected.
A reaction analogous to reaction 6 could also be envisioned
for the case of CCl,Br when the sample is in great excess. No
increase in the Br- to CI- ion intensity ratio with large excess
of sample was observed in this case, however, suggesting that
this nucleophilic displacement reaction is not fast for CCI,Br.

The case of p'bromochlorobenzene in Table II differs
greatly from those previously considered in that no CI- was
detected along with an intense Br' signal. At the three sample
sizes indicated in Table II, a minimum ratio of Br' to Cl' was
estimated to be about 200 to I. A search for other electron
capture products of this compound, such as the M, M - Cl
+ 0, and M - Br + 0 negative ions (13), revealed none of
these. The much higher ratio of Br' to CI' observed for
p-bromochlorobenzene probably reflects a greater lifetime of
its molecular anion formed by the initial electron capture
reaction prior to its irreversible dissociation (BL as suggested
in reaction 7.

a b

Tlf

c

1

400

~ Br- + C6 H 4 CI

e' + CIC.H,Br - CIC,H.Br' (7)
... CI- + C.Il,Br

If the initial ClC,H,Br' species survives long enough to be
collisionally stabilized, its ultimate decay to Br' or CI' will
be more sensitive to the energy differences of these pathways,
which in this case favors Br' production by 18 kcal (bond
dissociation energies of tbe C-Br and C-CI bonds are probably
about 72 and 95 kcal (9, 11,14), respectively). In an earlier
ECD study, Wentworth, Becker, and Tung (9) first proposed
thi, mechanism for the aromatic halides. It is reasonable to
expect that the lifetime of excited aromatic molecular anions
is longer than that of the aliphatic molecular anions, and,
furthermore, molecular negative ions of some polychlorinated
aromatic molecules have actually been observed by APIMS
(13) wbereas those of aliphatic chlorocarbons have not.

In considering requirement 4 of gas-phase coulometry, one
might suspect that positive ion--molecule reactions may
constitute the most likely cause of a side reaction with the
sample molecule. Siegle and Fite have shown (15), for ex­
ample, that positive ions of CF,Cl, are readily produced in
the "Ni ionization source of an API MS. Also, we have
frequently observed in studies of ECD-active compounds, sucb
as p-chloronitrobenzene (4), that positive ions of the sample
molecule can be formed more readily than the negative ions.
In Figure 2 are ,hown chromatograms of CCl,Br where the
two largest positive ions detected for this molecule, CCI,+and
CCI,Br" are shown along with the Br- ion for comparison.
In aU cases, the positive ion signals are weaker than the Br~

ion signal. In chromatogram c of Figure 2, the positive ion
signals are only barely perceivable over the noise levels for
this lower sample size where electrons are clearly in abundance
within the ion source. This favorable result might have been
expected from the consideration that the fastest ion-molecule
reactions exhibit rate constants near 1 X 10'" cm' S'l (16) while
rates for electron capture may be as high as 4 X 10'7 cm' S-I

(17), or 400 times greater. The fact that positive ions are
observed in chromatogram b, however, where the ECD re­
sponse is just short of complete saturation ,uggests that the
positive ion-molecule reactions of CCl,Br are almost com-

+-'
c
Q)
L
L
:J
U

c
o

o 100
m/e ----

Figure 3. Mass spectrum of positive Ions in EGO!APIMS Ion source
during no-sample concilion. Carrier gas Is nitrogen, temperalll'e Is 250
·C

petitive with electron capture in this case, and may therefore,
constitute a point worthy of further concern. In Figure 3 the
spectrum of the positive reactant ions which cause these
ion-molecule reactions is shown to be dominated by three ions.
The ion at mle 37 is undoubtedly H+(H,O), (15). The ion
at mle 225 is present only when tbe GC is attached and is
most likely a column bleed ion. Our column was thoroughly
conditioned and is used at a temperatu;:e far below its rated
maximum. Nevertheless, with it a peak mle 225 in the
positive ion spectrum always appears as do numerous other
smaller positive ion 'ignals at high masses. The ion at mle
101 is one we have always observed with nitrogen or ar­
gon-methane carrier gas with or without a GC column at­
tached. This ion has not appeared 80 dominantly in other API
studies (15), and may reflect a contaminant inherent in our
ion source or carrier gas 110w system. An ion at mle 102 about
6% as intense suggests the presence of several carbon atoma



in the ml_ 101 ion.. As the column temperature is increased.
the IOn at ml_ 225 Increases in intensity at the expense of the
ions at ml_ 37 and 101.

Since at least some of these ions are sufficiently reactive
toward CCl,Br as to cause a nearly competitive side reaction
it may be ~dvisable in some applications of gas phase cou:
lometry to intentIOnally dope the carrier gas with a substance
which will lead to a less reactive set of reactant positive ions.
Many possibilities come to mind as a result of research in
chemical ionization mass spectrometry (I8) where the choice
of carrier gases and dopants is now a well understood variable
in creating a desired positive ion nux. The intentional addition
of water vapor or ammonia, for example. to the carrier gas,
thereby forming the less reactive higher clusters of water or
ammonia, might accomplish this. Of course, care must be
taken to ensure that the dopants, themselves, do not undergo
electron capture reactions and, thereby, damage the ECD bsse
line. We found in a previous study (I9) that at least 10 ppm
(vi v) water vapor can be added to the carrier gas of an ECD
without causing a significant effect on its base line as long as
the carrier gas is relatively free of oxygen. Also, the use of
lower detector temperatures will promote the formation of
larger ion clusters (20).

In summary, the experiments reported here suggest that
requirements 3 and 4 of gas phase coulometry are met for the
case of CCl3Br under our experimental conditions. Because
CCI, and CFCI, are chemically similar, it seems reasonable
that requirements 3 and 4 will also be met for these com­
pounds, to which atmospheric analyses by gas phase coulo­
metry have already been applied (J). The possibility that the
success of requirement 3 and possibly requirement 4 may
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depend somewhat 00 the unintentional presence of carrier gas
impurities is being investigated further.

LITERATURE CITED
(1) J. E. Lovelocl<. R. J. Maggs. and E. R. AdIanl. AnsI. Chem .. U. 1962

(1971).
(2) J. E. LoveIocl<. J. Chroma'ogr.. ". 3 (1974).
(3) D. '--an and H. B. Slngl. Anal. Chem..... 1060 (1974).
(4) E. P. Qornsrul. 5. H. Km. and P. L Gabby. AnsI. Cham.. 51. 223 (1979~

(5) M. W. Slagel and M. C. McKeown. J. ChromaltV.. 122. 397(1978).
(BI E. G<'msn.d. Anal. Chem .. SO. 382 (197BI.
(7) D. I. Carrol. I. DzJdIc. R. N. 5_a'. M. G. Horning. and E. C. HornIng.

Anal. Chem .• ... 70B (1974).
IB) E. R. Adard. ale Crlr. Flo•. Anal. Chem .. 5(1). 1 (1975).
(9) W. E. Wantwonh, R. 5. BecI<.... and R. Tl.Ilg. J. Phys. Cham.. 71. 1852

(19B7).
(101 H. M. Rosenstock. K. DraxI, B. W. 51_. and J. T. Harron. J. Phys.

Chern. Ref. oars. Vol. 6. SuppI. 1. 1977.
(ll) A. J. Gordon and R. A. Ford. "Tho Chamlsts Cornparjoo". JoIwI WIay

and Sons. New Ycrlt. 1972.
(12) J. I. BraOOl8ll, W. N. Olmstead. and C. A. LJeder. J. Am. a.m. Soc .•

111.4030 (1974).
(131 I. DzJdIc. D. I. Carroll. R. N. 5ll1we1. and E. C. HornIng. Anal. Chem..

47. 130S (1975).
(14) .._ 01 Chamlstry and Physics". 5Bth eel.. Tho CI1emlcal_

Co.• Oeveland. Ohk:l. 1976.
(15) M. W. Siegle and W. L File. J. Phys. Chem.. 10. 2S71 (197B).
(IB) 5. G. LJas and P.-. "Ion lAoIoa.Ia --"". Amar1can Olatrkal

Society. Washington. D.C.. 1975. Chapl'" 4.
(17) L. G. ClYblop/1ofou. Chem. Flov.. 7B. 409 (197B).
(IB) B. Mulson. Anal. Chem .. • 3(13) 2SA. (1971).
(19) E. P. G<'msn.d and R. G. 51_. J. Chroma/OfT.. 155; 19 (197S).
(201 E. P. G<'msn.d and P. Kal>at1a. J. Am. Chem. Soc.; lIS, 7l1,;18 (1973~

RF.cElvED for review November 13, 1978. Accepted January
15, 1979. Acknowledgement is made to the Donora of the
Petroleum Research Fund. administered by the American
Chemical Society; to Research Corporation; and to the Ns­
tional Science Foundation for support of this research.

Statistical Designs for the Optimization of the
Nitrogen-Phosphorus Gas Chromatographic
Detector Response

I. B. Rubin'
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C. K. Bayne
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Statlsllcaly designed and evaluated factorial experiments were
used to approach optmwn operating condIUons for \he nJbkIun
bead type 01 nltrogen-phosphorus gas chromatographic de­
tector to detect small quantities of nitrogen compounds In a
hydrocarbon matrix, and to study \he effects 01 the operating
variables. Simplex deslgns were used to dellne the optimum
set of conditions. The test variables were hydrogen pressure,
air preBSure, and bead heating current. Only two 2' factortal
deslgnB and len simplex vertices were needed to accompUsh
these purposes. Detector responses tor 12 n"rogen and 12
hydrocarbon compounds were compared w"h both the nl­
troger>-phosphorua and lIame Ionization detectors. The av"
erage value 01 the ratio 01 ""ragen to hydrocarbon reeponse
w"h the n"rogen-sensllive detector was about 1000:1.
Chromatography of several fractions from a chemical ex"
tractive fractionation 01 a coal liquefaction product au dem­
onstrated the dlscrlmatlon capability of the n"rogen-phos­
phorus detector at optimum cond"lons.

The introduction by Kolb and Bischoff (I) of the thennionic
nitrogen-phosphorus detector (NPD) which uses a rubidium
silicate bead as the alkali source has greatly increased the
capability for detecting nitrogen rompounds in mixtures which
may be composed predominately of hydrocarbons. The ef"
fectiveness of the NPD in discriminating between nitrogen­
and nonnitrogen-containing compounds is a function of several
operating variables: bead heating current, jet potential, carrier
gas, air and hydrogen now, as well as positioning of the bead.
General conditions for the use of the NPD for given situations
have been described (2-6), but as has been suggested (4), each
user should check the performance of each bead before ap­
plying it to his own problem.

The usage of the NPD for the detection of nitrogenous
compounds in a matrix of hydrocarbons gives rise to a
complicated optimization problem. It requires maximizing
the nitrogen response and minimizing the bydrocarbon re­
sponse. Changing the operating variable. will generally C81188
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both responses to move in the same direction. although.
fortunately, not to the same degree. It is possible to reduce
the hydrocarbon response to zero, but with an accompanying
loss of nitrogen sensitivity that may not be tolerable if the
nitrogen compounds are in very low concentrations. Con­
sequently, for applications of the NPD to problems such as
are addressed here, it is very likely that the operating con·
ditions will have to be some compromise between sensitivity
and discrimination. Single factor experiments (I, 2, 4) for
optimizing operating conditions require taking an adequate
number of data points and drawing a bewildering array of
curves. Because this method does not Lake interactions among
variables into consideration, results are sometimes ambiguous.
A two-level factorial experiment for three variables measures
responses at the eight different combinations of high and low
levels of each variable (6, 7). A statistical analysis of the
factorial experiments allows numerical evaluation of all single
factor and multifactor effects (7, 8). Factorial designs arc
particularly useful for exploratory work to investigaW these
effects, and to approach the region of optimum response. As
onc nears this area, it may be necessary to go to n more
complicated experimental design which requires more data
points, and a more complex statistical analysis (9). Simplcx
designs require initially only one more experimental point than
the number of variables and provide an uncomplicawd
procedure for reaching optimization in casy steps and with
8imple arithmetic (10, 1I). A combination of factorial designs
to evaluate the important variables and simplex designs to
reach the optimum response yields a sophisticaWd, yet simple
and quick, 80lution to optimization problems.

In the work described below, the combined use of factorial
and simplex experimental designs for the optimization of the
NPD operating variables is discussed, and the applicability
of the NPD to the detection of nitrogen compounds in
fractions of a coal liquefaction product oil is illustrated.

EXPERIMENTAL

Materials. The hydrocarbon and nitrogen standard com­
pounds were obtained at the highest available purity from
commercial suppliers. Benz.ene solutions of these compounds in
the range of 2 to 10 mg/mL were prepared. The few compounds
that were not readily soluble in benz.ene were dissolved in re­
distilled tetrahydrofuran. Working solutions were! mg/mL
dilutions of the standard solutions. In order to demonstrate
discrimation between compound type., a synthetic sample was
prepared which contained! mg/mL of each of 12 hydrocarhons
and 0.1 mg/mL of each of 12 nitrogen compounds.

Factorial Design. The design for a factorial experiment and
the high and low values assigned to the three test variables for
two different experiments are shown in Table IA. Each row of
the table corresponds to a single trial and the entries in thc row
designate the value levels of each variable in that trial. Carrier
gas flow was not included with the test variables because of the
tendency for the flow to decrease with increasing temperature
of the columns used in these tests; jet potential was treated as
8 constant because its effect on sensitivity and discrimination is
described in the manufacturer's literature; bead position which
could not be quantified. was set according to the manufacturer's
instructions and was not changed.

Procedure, The work was carried out with a Perkin-Elmer
Model 3920 gas chromatograph with a Perkin·Elmer Nitro·
gen-Phosphorus Detector in the B channel and a name ionization
detector (FID) in the A channel. Two glass columns, II 8 inch by
about 12 feet, packed with 3% Dexsil 400 on 80/!OO mesh
Cbromosorb W, were used. The helium carrier now was regulated
so that rewntion times of the hydrocarbons on each column were
88 closely matched as possible. Response of each detector was
tested separately.

For the optimization 8tudies, a benzene solution of 1 mgl mL
each of octsdecane and carbazole was used. AIiquots of 2 ~L were
chromatographed. Initial oven temperature was 200 ·C, with a
2 ·C/min rate of increase until the carbazole was completely eluted

.. z
§

8 ,.

RETENTION TIME Imlnl

Figure 1. Typical chromatogram from an optimization study. Peak
1. octadecane. Peak 2. carbazole

at ...... 235 DC. Detector response, as peak area per microgram of
sample injectcd, was measured for each compound. Standard
factorial (6) and simplex (10) design schemes were followed.
Operatinl{ variables were bead heating current as indicated by
the dial setting, hydrogen pressurc, and air pressure. Helium
carrier pressure was BCt at 60 psig; the jet potential was set on
position 3 for the factorial trials and on position 2 for the simplex
trials.

For the routine chromatography of the solutions of standard
compounds and of samples, temperature was programmed from
!OO to 320 ·C at 2 ·C/min.

RESULTS AND DISCUSSION
Two factorial designs were used to define the region in

which the optimum discrimination factor (ratio of carbazole
to octadecane responses) was favored and to define the im·
portant experimental variables. A typical chromatogram of
the responses is shown in Figure L The results from the first
factorial design indicawd that the discrimination factor was
improved by using the lower air pressure level, the lower
hydrogen pressure level, and the higher bead heating current
level. Estimates of the variables calculated from Yates al­
gorithm (7,8) and data analysis using half-normal plots (12)
indicated the region for the second factorial experiment.
Based on the analysis of the eight points from the first factorial
design, a more extensive second factorial design was conducted
with a smaller range of levels for the variables redefined in
the region given in Table IA. Each of the eight combinations
of the three variables in the second factorial de8ign was
performed in random order with 8elected trials repeated to
get an estimate of the variance of the experimental error. In
addition, measurements were taken on a second day to test
the repeatability of the response, for a total of 27 data points
for each of the two responses. The responses from the factorial
designs are tabulated in Tables IB and IC.

A rigorous statistical analysis of the data from the second
factorial design was made by fitting model8 of the form:
response = independent variables + error, using the method
of least squares (13). Different models were formed by se­
lecting independent variables from the following possible
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a Suspected values nol used in the statistical analysis.

terms: (I) intercept, It; (2) day effect, D; (3) hydrogen pressure,
H 2; (4) air pressure, AIR; (5) bead heating current, BEAD;
(6) interaction of H2 X AIR; (7) interaction of H2 x BEAD;
(8) interaction of AIR X BEAD; and (9) interaction of H2 x
AIR X BEAD. To find the significant variables, first a base
model using all nine terms is fitted to the data and then
compared to a smaller fitted model with terms deleted. If the
error terms in the models are assumed to be independent and
identically distributed as a normal distribution with zero mean

Table lB. FactoriaJ Design 1 Data

peak area, cm 2 /pl!.

carbazole ocladecane

day day

trial 1 2 2

1 566 16.4 0.06 0.0
2 0.0 0.1 0.0 0.0
3 922 864 19.9 9.8
4 887 1122 128 114

1230 1112 112 III
5 1884 1925 7.9 7.3
6 69 65 26.9 21.1
7 2220 2437 21.9 21.4
8 2720 2826 123 132

Table Ie. Factorial Design 2 Data

peak area, cm: II). ~

carbazole octadecane

TabJe IA FactoriaJ Design for Optimizing Discrimination
between Nitrogen and Nonnitrogen Compound5

variable

3
bead

heating
current,

1 2 dial
triol H:, psig air, psig setting

1
2 +
3 +
4 + +
5 +
6 + +
7 + +
8 + + +
desi~n #1 (+ )20 42 675

(-) 6 20 575
desi~n ;:.2 (+)10 24 700

(-) 6 18 650

carbazole octadecane

carbazole 0.75
octadecane 0.75
H) pressure 0.27 0.15
air pressure 0.37 0.77
bead current 0.62 0.14

Table II. Sample Correlolion Coefficienla (r) between
Carbazole, Octadecane. and Test Parametera

These two models can also be tested for their appropri­
ateness by partitioning each estimated error variance from
the least squares analysis into the estimated variance due to
lack of fit and the estimated variance of pure error due to the
replicate measurements. The ratios of the lack of fit estimated
variance to the pure error estimated variance for the two
models are then compared with the percentile points of the
F-distribution. This test shows that neither model had a
significant lack of fit at the 5% significance level. The final
estimates of the standard deviation of the observed values
from their true value are the least squares estimatea of 5, =
222 for carbazole and 52 = 2.1 for octadecane.

Contours of equal response for the carbazole and octadecane
equations can be plotted, and representative drawings are
shown in Figure 2. These plots depict the bead heating
current vs. air pressure plane as it would intercept the hy­
drogen axis in a three-dimensional representation of the
operating variables. In this example, hydrogen is constant
at 6 psig, and the curves show the effects of changing air
pressure and bead heating current. The upper portion of this
figure shows a family of curves for three response levels for
carbazole. Each curve represents a constant value of the
response for different air pressure and bead heating current
settings. For example, along a 1500 cm2/ltg response curve,
air pressure can be changed from 24 psig to 18 psig with a
concomitant change of bead heating current setting from 666
to 680 and the same response maintained. The lower portion
of Figure 2 shows a corresponding family of contours for
octadecane.

The sample correlation coefficient (r> calculated for the
carbazole and octadecane responses has a positive value of
r = 0.75, which indicatea that the two responses increase and
decrease together. Sample correlation coefficients between
chromatographic responses of the two standard compounds
and the three operating variables show a positive correlation
between octadecane response and air pressure, and between
carbazole response and bead heating current. There was
essentially no correlation between either response and any of

and constant variance, an F-test (]3) can be used to teat any
significant differences between the base model and any smaller
model. The best model is the model which has the fewest
independent variables and is not significantly different than
the base model.

From this analysis, the independent variables that have a
significant effect at the 5% level are for carbazole: It, H 2,

BEAD, H2 X AIR, and AIR X BEAD; and for octadecane: It,
D, H2, AIR, BEAD, H2 X AIR, and AIR X BEAD. Equations
for each compound with the coefficients for the significant
factors (for octadecane, the day effect is included in the
intercept) are:

Carbazole: Response = -14870. - 807.0 H 2 +
29.82 BEAD

+ 43.78 (H2 X AIR) - 0.307 (AIR X
BEAD)

Octadccan.: Response = 284.5 - 12.37 H 2 -

17.93 AIR - 0.3503 BEAD
+ 0.6573 (H2 X AIR) +

0.02317 (AIR X BEAD>

day day

I 2 1 2

991 47" 1.1 0.0"
495 6" 0.5 0.0"
401 0.0

1348 1219 10.8 8.2
1302 1188 10.8 7.6
2166 2350 23.5 19.2
1935 2258 21.9 19.9
1948 1843 6.0 5.5
2442 1820 4.2 2.1
2286 1935 5.1 1.7
1855 1.8
2241 2431 20.4 17.5
2158 2154 16.2 17.1
3087 3569 35.6 29.5
3025 35.6

5
6

8

trial
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Table Ill. Three Factor Simplex Design

S' = (AC,C,)/w

where S'= detector sensitivity, mV·sjmg; A = peak area. em';
C, =recorder sensitivity, mV jcm of chart; C, =reciprocal of
chart apeed, a/em; and w = weight of component, mg.
Therefore, response for each deteetor can be compared di·
rectly. Because the same recorder and same chart speed were
used in both cases, C, and C, were not factored into the
calculations and response was calculated as Ajw with w being

1 650 20
2 670 20
3 660 22
4 660 21
5 1. 2, 3 660 20
6 2. 3, 6 677 22
7 3.5,6 661 23
8 5, 6, 7 672 21
9 5.7.8 652 21

10 5.8.9 662 18
5 repeat
9 repeat

a Steps: current setting, 20 units; air nnd H:, 2 psig.

the other test varia.bles. These correlation coefficients are
shown in Table II.

The results of the factorial experiments provided the area
in which the optimum pressures and bead current settings
should be found, i.e.• hydrogen pressure. 8-10 psig; air
pressure. 18-20 psig; bead heating current setting. 650-660,
To define optimum operating conditions more precisely, a
simplex experiment was carried out to maximize the ratio of
the carbazole response to the octadecane response. The fi"t
vertex was located at 8 psig hydrogen, 20 psig air, and a bead
current of 650. The other vertices were htCated in the manner
described by Long (8). The jet potential cootrol knob was
set in the 2 position. because there WAS a 5·fold increase in
the discrimination factor when compared to the 3 position,
although there was a loss in sensitivity for both of the test
compounds. The simplex experimental data are shown in
Table III. Fractional pressures required by the calculations
were rounded off because of the difficulty in interpolation on
the instrument gages, After the tenth vertex had been tested.
it was obvious that further work would lead to an area of
decreasing sensitivity and reproducibility. The hydrogen
pressure boundary had arbitrarily been set at 6 psig because
it was feared flow control might not be easily maintained at
lower pressures. and this boundary had already been crossed
at vertex 8. Consequently, vertex 5, which appeared to be a
secondary maximum, was chosen as the point of optimum
working conditions.

There is contradictory evidence regarding the stability of
the detector bead (2, 4, 16). In the course of these studies,
there was a sensible decrease in the detector response, and
there were occasional short term aberrations that corrected
themselves. Consequently, it is necessary to run periodic
calibration checks, and if re-optimization is necessary, a short
simplex series can be carried out.

The capability of the NPD to discriminate between nitrogen
and hydrocarbon compounds was demonstrated hy chro·
matographing a synthetic sample using both the NPD and
Fill. The eomposition of the mixture and the responses to
each detector are shown in Table IV. Both the NPD and FID
are mass flow rate detectors (14), for which sensitivity has been
defined (I5) as:

~g rather than mg. These standard compounds were selected
to provide a spread over the temperature range required for
sample work, and hopefully to provide some overlapping of
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response

ratio,
area(cm:)/JJC

H;, psi!! carb/Cl8 carb C18

8 197 165.8 0,84
8 216 201.6 0.94
8 283 161.3 0.57

10 92 204.4 2.23
6 504 118.4 0.24
7 330 145.2 0.44
6 394 116.4 0.27
5 398 111.5 0.28
4 990 64.4 0.065
4 660 59.4 0.090

472 99.2 0.21
1254 50.2 0.040

HYDROGEN·6.0

bead
current,

dial srolling air, psig

variablcsO

VNlicp.s
retainedvertex no.
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Figure 3. Chromatograms of the hexane eluate from the neutral portion of a coaJ..derived product oil. NPO conditions: air, 20 psig; hydrogen,
6 psig; bead heating current se«ing. 660; jet potential control setting. 2
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Figure 4. Chromatograms of the ether-soluble base fraction of a coak1erived product oil. NPO conditions same 8S Figu'e 3

the hydrocarbon with the nitrogen compowlds. With the FlO,
the hexadecane does obscure the dimethylindole, while with
the NPO, the reverse occurs; with the lalter detector, the
tetradecane is observed as a shoulder on the indole peak.
Detector response was calculated from chromatography of
each group of compounds at the I mg/mL level. The average
decrease in hydrocarbon sensitivity from the FlO to the NPO
response was 0.5 that for the Fill. When the average value
of response is taken, the discrimination factor is about 1000
throughout most of the chromatogram, an order of magnitude
lower than the manufacturer's literature leads one to expect.

The sensitivity for the nitrogen compounds faUs off sub­
stantially starting at about 250 ·C under these chromato­
graphic conditions; this loss is probably caused by decreasing
carrier gas Oow. Baker has reported that response is not
necessarily correlated with the number of nitrogen atoms in
the molecule (16). As seen in Table IV, both 2,3-dimethyl­
quinoxaline and phenazine had double the response of their
neighbors but o-tolidine did not. Two other di-nitrogen
compounds, harmane and benzo[c)cinnoline, with retention
times near 60 min, had responses similar to acridine and
carbazole. Response also varies with type of nitrogen-con-
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taining compound (16), so that if one is investigating a specific
compound, or class of compounds, it would be better to
optimize with that compound, or a member of that class_

The lower detector response than expected may be related
to the large sample size chromatographed, although studies
with at least one compound (2) have shown linear detector
response up to I pg. Chromatography of the synthetic sample
with 0.1 mgjmL levels of the nitrogen compounds listed in
Table IV indicates that average peak area for seven of the
compounds was 170 cm'jpg as compared to 190 cm'jpg for
the same compounds at the I mgjmL level. As stated above,
in order to gain in the discrimination ratio, there must be a
sacrifice in the sensitivity. By merely switching the jet po­
tential knob from the 3 to the 2 position, one causes a drop
in the nitrogen sensitivity to one-third its former value, but
there is an accompanying 15-fold decrease in the hydrocarbon
response.

The chromatograms in Figures 3 and 4 represent two
fractions of a coal liquefaction product oil fractionated by a
chemical separations procedure (J 7). Figure 3 shows the
chromatograms of the hexane elutable material from a Florisil
column. Florisil has been shown to retain nitrogenous
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compounds (18) and essentially no nitrogen «0.1 %l was
detected by elemental analysis of this fraction. It is evident
frum the chromatogram that only a few nitrogen compounds
in very small quantities may be present as compared to the
multiplicity of hydrocarbons revealed by the FlO. Figure 4
shows chromatograms from the ether-soluble base fraction.
\Vhile there arc a few peaks in each chromatogram which do
not. appear on the other, the two chromatograms are similar
qualitatively and quantitatively. This fraction comprises most
of the dilute-acid extractable material from the oil, and it has
been established that this portion of fossil fuels is composed
predominantly of alkyl substituted pyridines and quinolines
(19). This fraction was found to contain 7.1 % nitrogen.

We have demonstrated that statistically organized designs
can be used for the optimization of the operating conditions
for the nitrogen-phosphorus detector when it is used to
discriminate between hydrocarbon and nitrogenous com­
pounds. A combination of factorial and simplex experiments
proved to be effective in this study. This type of procedure
can be applied not only to this detector, hut to other types
as well, and to'other kinds of optimiwtion studies where there
are several variables. It provides a rapid and efficient method
of attaining optimum ()peratin~ conditions, and allows an
analysis of the effccL,,; of all the variahies and the interactions
among them.

RECEIVED for review August 25,1978. Accepted January 15,
1979. Research sponsored by the Division of Biomedical and
Environmental Research, U.S. Department of Energy under
contract W-7405-eng-26 with the Union Carbide Corporation.

NPD

0.24
0.19
0.19
0.16
0.16
0.13
0.17

b
0.17
0.17
0.18
0.24

FlO

567
608
611
628
577
559
544
541
507
454
420
477

Composition of Synthetic Sample

detector
rcsponsp.,o

arca(cm:)!I-IJ::"

rden­
tion
time,
min

9.0
11.2
19.6
22.0
31.6
35.8
49.1
54.5
68.2
74.0
90.6

102.5

Table IV.

compound

A. Hydrocarbons

n·dodccan{'
naphthalene
n·tetradp.cane
biphenyl
n·hexaclecane
fluoren(!
anthracene
n-cicosanc
pyrene
n·tetracosane
n·octacosanc
1.3.5·triphenylbenzcnf~

B. Nitrogen Compounds

18.0 indole 398 230
22.6 7-melhylindole 477 234
24.2 2,3-dimf!thylquinoxaline 422 163
31.5 2,3-dimethylindole c c
36.5 dirlhenylamine 487 235
45.5 phenazinc 431 420
50.1 acriclim! 448 214
51.6 curbazole 493 237
77.8 o-lolidine 333 170
83.9 benz(a)ucridine 479 161
90.0 7,9-dimelhylbenz[cjacridine 419 117

114.0 1,2,7,8-dibenz[a,i)acridine 474 94

a Based on chromaLoj:.!raphy of groups A and B separa­
tely at 1 mg/mL levI!!. b Apparently contaminated with
carbazole. C Concentration unknown.
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Electron Impact Excitation of Ions from Organics: An
Alternative to Collision Induced Dissociation

R. B. Cody and B. S. Frelser'

Department of Chemistry. Purdue University, West Lafayette, Indiana 47907

RESULTS
The phenomenon of EIEIO is particularly evident in ap'

pearance polcntial measurements at high emission currents
as illustrated by Figure I, which shows the intensity of CsH:
generated from cyanobenzene as 8 function of electron energy
at a trapping time of 100 IDS. At low emission currents, the
fragment ion CJI.+,llTising from loss ofHCN from the parent
ion, appears at about 3.5 eV above the ionization potential
of the parent neutral. This appearance potential measurement
is consistent with the estimated thermodynamic threshold
(14). At higher emission currents, however, C,;H: begins to
appear with the parent cation at the ionization potential
which, significantly, is not affected by emission current.
eliminating the possibility of an artifact arising from electron
energy distribution broadening. The striking behavior of
C.H,+ is attributed to EIEIO reaction 4.

in detail (7-1 J) and required no modification. Parent ions from
the substituted benzenes (in the pressure range from 1-10 X 10-7

Torr) were formed and subsequently excited in a continuous
electron beam while being trapped in the source region. Ion
formation was accomplished by switching the electron energy to
a value lying a few electron volts above the ionization potential
for 15 ms. For the remainder of the trapping period, the electron
energy remained below the ioni7.ation potential at a value which
could he varied readily. All of the electron energies given have
been corrected for the space rharge potentia] of the electron beam
which has the effect of reducing the electron energy. This
correction can be substantial at high emission currents and low
electron energies (I4). These effects also prevented data from
being obtained below about 2 eV because of instability in the
current. Each of the chemicals used was a commercial sample
of high purity with the exception of the labeled phenetole, and
was used as supplied except for freeze-pump-thaw cycles to
remove noncondensable gases. Mass spectrometry revealed no
delectable impurities.

C.H,CW .: CsH: + HCN (4)

As expected Utis reaction becomes even more apparent both
as the emission current is increased (Figure 1). and as the
trapping time is increased as illustrated in Figure 2 which
shows the temporal variation of CsH.· and C,;H,CN' obtained
at an electron excitation energy of 7.5 eV and at an emission
current of 5 ~A.

It is evident from the above results that mass spectra at
a particular electron ene,gy will also be affected by emission
current and trapping conditions. Figures 3 and 4 compare
the conventional ICR single resonance drift spectra of trio
Ouorotoluene, n-propylbenzene, and isopropylbenzene to their
corresponding EIEIO spectra obtained at trapping times of
100 ms. Again the appearance of fragment ions in the EIEIO
spectra are apparent. arising from reactions 5-7 (see Table
I),

(7)

(6)

(5)CsH,CF" .: products

CsH,CH(CH3),. .: products

Obtaining the fragmentation pattern generated from
ionization of a neutral sample is typically the primary objective
in conventional mass spectrometry. A great deal of additional
information, however, is available by further probing the
structures of individual ions in the mass spectrum. Such
information is of obvious importance in fundamental studies
of unimolecular ion and ion-molecule reactions and in sep·
aration and identification of complex mixtures (I. 2). To
achieve these ends, 8 variety of innovative methods have been
developed including collision induced dissociation (Cll) (1-6)
and photodissociation (POS) (7-13). These techniques are
similar in that both probe the ion structure by monitoring
unimolecular dissociation following excitation, with the major
difference being the mode of excitation. In Cll. also referred
to as collisional activation (CA). the unimolecular dissociation
of an ion is monitored following excitation of the ion by
collision with a target gas (Process I).

M
AB' - lAB']' - A' + B (I)

In POS, unimolecuIar dissociation is monitored following light
absorption by the ion (process 2).

h.
AB' - lAB')' - A' + B (2)

Interestingly, photodissociation pathways need not mimic
those observed by cm (6).

In this paper we report an extension of a new method
utilizing ICR (14, 15) in which unimolecular dissociation is
monitored following excitation by electron impact (process
3) in analogy to cm and POS.

AB'': lAB')' - A' + B (3)

Until recently quantitative as well as qualitative studies of
electron impact dissociative excitation of ions were limited
to diatomics such as H,', 0". 0" and N,. (16-18). We wish
to report that ICR-EIEIO techniques appear to hold not only
considerable promise for routine investigation of these
fundamental processes for polyatomic ions, but also provide
ICR with important Cm-Iike capabilities.

EXPERIMENTAL
The ion cyclotron resonance spectrometer used in the J?resent

study is a modified V-5900 series manufsctured by Varian As­
sociates (19, 20). The ICR cell is one which has been used. ex­
tensively for atudiea of ion photoexcitation processes as described

ooro-2700J79/0351-ll547S01.001O <i:> 1979 American Chomocal SocIaty

A technique haa been developed lor electron Impaet excltaUon
01 Ions Irom organics (EIEIO). The technique uses trapped
Ion cyclotron resonance (ICR) spectroscopy and together wtth
the ICR photochemical techniques and unuaual capabllllies
lor studying lon-molecule reactions, will aid In the evolution
01 ICR as an analytical Instrument. It Is demonstrated on a
variety 01 substituted benzene radical cations. Ions are
generated and SUbsequently exclled In a continuous electron
beam while being trapped In the source region. The spectra
obtained by EIEIO are shown to be analogous to those ob­
tained by collision Induced dIssocJallon and yield characteristic
structural Information.
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figure 1. Appearance potential meaSlXoments on cyanObenzene at
different electron errissk>n CUTents. As emission current is Increased.
the fragment k>n ClIH..+ (rot z 76) begins to appear with the parent Ion
(mlz 103) at the IorOzaIioo potential. ThIs behavior is attrt>uted to EIEIO
reaction 4 in text
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figure 2. T8IT1lO'81 varlaUon of Ions Involved in the process C,H,CN+
....;. CeIi! + HCN obtained at an electron excitation energy of 7.5 eV
and at an emission cllTent of 5 JlA
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FIgure 3, (a) 5lngIa resonance spectrum of trttIuorotoluene at 101l-ms
trappi1g time, 14-eV and 3.5-eV eIactron energy Ion formalioo and base
voltages, respectively, and 3-pA emission. (b) Same conditions as (a)
at 7.2...V base voltage

whereas at the same electron energies, only the parent cations
are observed in the conventional single resonance spectra.

Ml/l05 i]

~\JL
Figure 4. (a) Single resonance spectrum of n·propylbenzene at low
emission ClITents. (b) Silgie resonance spectrum of n-propylbenzene
under EIEIO conditions. (c) Single resonance spectrum of 150­
propylbenzene under EIEIO conditions

It is of interest w compare the EIEIO spectra obtained by
ICR w the corresponding cm spectra. A direct comparison
is made on phenetole radical cation in Figure 5. The labeled
compounds used are involved in another study in our lsbo·
ratory and were chosen for this experiment because of
availability rather than for any mechanistic purpo~e. The
major fragments arising from EIEIO ofC,H,OC,D,+(mlz 127)
at 72 ms trapping time shown in Figure 5b include loss of C,D,
and loss of C3D,O to form C6H,OD+ (mlz 95) and C,H,D+
(mlz 67), respectively. As shown in Figure 5c, the corre­
sponding ions also appear as the major components in the Cll
spectrum of C6H,OCD,CH,+ (mlz 124). Several other ions
also appear in the cm spectrum, however, which are not
observed in the EIEIO spectrum including, for example, loss
of the ethoxy moiety to form C6Hs' (mlz 77).

In Figure 6a the EIEIO spectrum of C6H,OC,Ds' is re­
peated at an increased trapping time of 432 ms. The two
major fragment ions, C6H,OD+ and C,H,D+ arc again evident
as well as the lower mass species mlz 39 and 40, but the ion
corresponding w ethoxy loss is still not observable. Also
evident in an examination of Figure 6a is that the C,H,D+
intensity has increased relative to that of C6H,OD+. While
Figure 6b is a repetition of the CID spectrum from Figure 5c
of C6H,OCD,CH3+ for comparison, a straightforward ex­
planation for the increased C,H,D+ intensity can be derived
from a comparison of the EIEIO spectrum in Figure 6a w the
cm spectrum of C6H,OH+ shown in Figure 6c. The CID
spectrum of C,H,OH+ shows loss of CO and C3H30 w produce
C,Ho' and C3H,+, respectively, as the predominant frag­
mentation pathways (21). The corresponding products for
the labeled phenol ion, C.H,OD+, would be C,H,D+ and both
C3H,+ and C3H,D+ all of which arc observed in Figure 6a,
Thus, it is apparent that C6H,OD+ having excess internal
energy is being produced and subsequently fragmenting, and
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figure 5. (a) Single rasonance spectrum of labeled phenetole at low
emission Clnenl. (b) SIngle resonance spectrum of labeled phenetole
under EIEIO conditions, (e) CID spectrum 01 labeled plienetole

Table I. Comparison of Photodi5S0ciation, Electron
Impact Excitation, and CoUision Induced or Metaatable
Dissociation of Benzene Radical Cations

CIOI
ion PDS EIEIO metastable

[toluenef -H -H,C,H, -H
[n·propylbenzene f -e,H s -C1HuC..H, -C:Hs.C..H,
[isopropylbenzene f -CH, -CH,.e)H,. -eH H C:H s

C)H,
[p·diethylbenzenef -H -H, C,II, -e 1H s
[triOuorotoluene I' -H,CF" -H, F,CF, -H, F, CF,

F
[p-nuorotrinuoro- -H, F, -H, F, CF, -H, F,CF,

toluenef CF,
[p·ehlorotriOuoro· -C' -CI -CI

toluene]"
[benzonitrilc f -HCN -HCN -HCN
[benzaldehydeI' X" -CHO, H, X

C,H,O
[pbenctoler -C,H, -C,H,. -C,H"

C,H,O C1H sO,
C,H,O

" X = data not available.

it is surmised that the phenol ion produced by EIEIO from
phenetole ion is itself undergoing EIEIO fragmentation.

ElEIO spectra were obtained from a variety of substituted
benzenes and the data are summarized in Table 1. Also
included in Table I are the corresponding results ohtained by
photodisaociation and colliaion induced di88ociation (or
metastable) experiments where available for comparison.

Figure 8. (a) ICR-EIEIO spectrum 01 labeled phenetole. (b) cm
spectrum of labeled phenetole. (e) cm spectrum of phenol See text
for explanation

The energy of the exciting electrons, as expected, has a
profound effect on both the product ion yields, i.e., the ElEIO
cross section, and on the product distribution in cases where
more than one ion can be observed. Figures 7 and 8 dem­
onstrate these features. Figure 7, reported in an earlier study
(14), compares the relative dissociation cross section for
process 4 as a function of excitation energy to both the
photoelectron spectrum of cyanobenzene reported by Raba1ais
and Colton (22) snd to the photodissociation spectrum of
C.H.CN+ reported by Orlowski et aI. (10). The energy uis
of the photoelectron spectrum is adjusted such that the rust
vertical ionization potential of cyanobenzene is zero on the
photodissociation and electron impect dissociation acaIea. The
photodissociation .pectrum (Figure 7b) consists of a band at
high energy obt.ained by monitoring process 8

and a band at low energy attributed to the two pboton process
(9),

Comparison of the photodissociation spectra to the photo­
electron spectrum indicates that the high energy band arises
from a r - r" transition and the lower energy absorption
proceeds through a r - r transition (10).

The cr088 section for electron impact diaaociation of
CoH.CW (Figure 7a) is observed to riaa from a threahold'of
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DISCUSSION

In a comparison of EIEIO to cm, one factor which is
apparent is that the product intensity relative to the parent
molecular ion intensity is substantially larger in EIEIO (up
to 50% product to parent observed in Figures 5-8) than in

F'gure 7. (a) Relative dissociation cross section for process 4 as a
function of excitation energy. (b) Pholodissociation spectra obtained
for the one-photon process 8 (0) and two-photon process 9 (0). (c)
Photoelectron spectrum of cyanobenzene. The energy axis of the
photoeleC1ron spectrum Is adjusted such that the first vertical Ionization
potential of cyanobenzene Is zero on the photcx:lissociation and electron
dissociation energy scale
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Flgure 8. Relative dissociation cross sections for km products arising
from EIEIO on trifluorotoluene radical cation as a function of excitation
energy. Also shown for comparison are normalized photodissociation
results (dashed lines) using laser light
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CID where generally the main parent ion beam intensity is
100 to 1000 times that of the I'roduct ion intensities (1-6).
This difference dramatically contrasts the capability of the
ICR to monitor all of the ions in the cell, whereas scattering
in CID plays a major role in reducing product ion intensities
at the detector.

Choosing the electron excitntion enerl!Y in the ICI{ ex·
periment adds a certain Oexibility in the extent of dissociation
desired. This flexihility is somewhat further enhanced by
choice of the trapping times u,ed. Unlike cm which generally
monitors a single event, however, in EIEIO as the trapping
time is increased, daughter ions may be further excited and
decomposed in the electron beam 85 was pointed out earlier
or may undergo subsequent ion molecule reactions modifying
frogment peak intensities. For this reason caution must be
exercised in interpreting ICR-EIEIO data. Relatively short
trapping t.imes (~100 ms) and low pressures ( ...... 10-7 Torr) as
were used in the majority of this study can be employed to
minimize these complications.

Table I, for the most part, indicates that fragmentation
follm...·ing electron impact or collision with a neutral ore quite
similar, which perhaps is to be expecled. The differences
which do occur can he postulated as arising either from the
amount of energy deposited by the two methods or the form
in which it is delivered (i.e., rotational. vibrational, and
electronic) (6). Further comparisons between EIEIO and cm
as well as with PDS should yield insight into this question.

Finally, we feel that EIEIO gives ICR important capabilities
equivalent to Cll which, together with the ICR photochemical
techniques and unusual capabilities for studying ion-molecule
reactions, will aid in the development of ICR as an analytical
instrument. Further studies arc in progress.
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3.0 ± 0.5 eV, near the thermodynamic threshold of 3.2 eV, to
8 maximum cross section estimated from the data in Fif{ure
2 to be 6 A' at 7.5 ± 0.5 eV (14). A comparison of ~'igures

7a and 7b suggests that electron excitation proceeds by the
same.,... - 'Jr. transition as observed for the photodissocialio:l
process 8. Comparison to Figure 7c, however, indicates the
presence of other states which, in the absence of the usual
photon absorption selection rules, could be involved.

Loss of H, F, and CF, to produce C,H.F,+, C,H,F,+, and
CoHsF+' respectively, are prominent fragmentations observed
in the EIEIO, PDS (23), and cm spectra of n,n,n-tri­
fluorotoluene. Figure 8 plots the relative intensity of these
fragment ions arising from EIEIO on CoH,CF,' as a function
of the excitation energy at 1oo-ms trapping time. Also shO\\n
are normalized photodissociation results (dashed lines) using
laser light over a limited energy range (23). The product
distribution is clearly observed to be dependent on the ex­
citation energy, with loss of H the predominant product at
low energies. Interestingly, loss of H is also the preduminant
species observed near threshold in photodissociation.
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Determination of Organosulfur Compounds Extracted from
Marine Sediments

Timothy S. Bates" and Roy Carpenter

D6partment Of Oceanography, University of Washington. Sesnle. Washington 98195

A method to characterize organosu~urcompounds In the lI­
pophilic extract of marine sediments Is described. The main
Interlerence In \he analysis Is eIernenIaI suIfw (Sa). TecMlques
for lis ellmlnallon are discussed. Sapon~lcallonof the InIIlal
exlract Is shown to create organosulfur cOl11pOl.llCls. Actlvated
copper removes S, from an extract and appears nellher to
create nor to alter organosu"ur compounds. However,
mercaptans and most dlsu~ldes are removed by the copper
column. The exlracllon efficiency of several other classes of
su~ur compounds Is 80-90 %. Extracts are analyzed wllh a
glass capillary gas chromatograph equipped wllh a flame
photometric detector. Detecllon limit Is 1 ng S, precision
±10%.

Reliable methods are needed to quantitate organosulfur
compounds in the lipids extracted from marine sediments.
These lipophilic organosulfur compounds (08C) are a small
but significant component of crude oils and other fossil organic
materials (I). Through oil spills, runoff, and atmospheric
processes, many anthropogenic organosuLfur compounds are
transported into the marine environment where they can be
deposited along with' natural organosulfur compounds in
sediments (2). Natural sources include oil seeps, biosynthesis,
atmospheric input from forest and grass fires, and diagenetic
reactions within the sediment.

Despite the environmental and geochemical importance of
these compounds, little information is available concerning
the nature and amounts of organosulfur compounds in marine
sediments (3). Investigations of the persistence and toxic
effects of these compounds require reliable extraction and
analysis techniques.

The analysis of organosulfur compounds has been greatly
facilitated by the flame photometric detector (4). Volatile
compounds can be separated by a glass capillary chroma­
tographic (GCl column and the effluent split to a flame
ionization detector (FID) and a flame photometric detector
(FPD). The FPD response is proportional to ",[8J' (5,6). The

I Present address: Pacific Marine Environmental Laboratory,
Environmental Research Laboratories, National Oceanic and A....
mospheric Administration, 7600 Sand Point Way N.E., Bldg. 32
Seattle, Wash. 98115.

selectivity and enhanced sensitivity of the FPD for 8 permits
quantitation of organosulfur compounds at relatively low
concentrations in complex organic mixtures. The FID trace
allows the organosulfur compounds to be referenced to the
more abundant aliphatic and/or polynuclear aromatic hy­
drocarbons (2). A FID-FPD chromatogram of Prudhoe Bay
crude oil is shown in Figure 1. The upper trace (FID) is
dominated by a series of aliphatic hydrocarbons found in the
oil. The lower trace (FPD) shows the organosulfur compounds.
The V.S. Coast Guard (7) and the Environmental Protection
Agency (8) have used similar FPD traces to compare oils
qualitatively.

Reliable FPD quantification of organosulfur compounds
requires careful optimiuttion of the GC parameters. Although
the relative response of the FPD to various sulfur compounds
remains somewhat controversial (9), analysis of organosulfur
compounds by FPD is now relatively straightforward.
Quantitative extraction of these compounds from marine
sediments, though, has never been previously investigated_
Extraction ("chniques are the main thrust of this study.

EXPERIMENTAL

A variety of extraction procedures were tested in this study.
The methods described here were the most efficient and reliable
for extracting OSC from marine sediments.

Extraction. Sediment samples were freeze-dried (Virtis.
Vnitrap m, weighed (80 g), and Soxhlet extracted in pre-extracted
paper thimbles (43 X 123 mm \\'batman single thickness) with
CH,CI, for 24 h. Quantitation of the total extract was obtained
by weighing an aliquot on an electroba1ance (Cabo 41(0). The
extraction precision was 0.01 mg/g sediment dry weight (1.2.,.
reI. std. dev., for 4 replicate analyses). After weighing, the extract
was concentrated to :::::10 mL by rotary evaporation (ambient
temperature and 50 em of Hg vacuum) and eluted through a
column of activated Cu powder to eliminate Ss (10). The column
was prepared by passing 2 N HCI, H,o, CH,COCH" and CH,cI,
through a Ill-rom i.d. column containing 5 em of Cu powder (Cu
"V" metal, No. 53, made by Metal Powders, Carteret, N.J.). The
column eluate was then reconcentrated to 10 mL, reweighed, and
evaporated to dryness under N, for GC analysis. The recovery
of 100 ng of individual sulfur standards added to pre-extracted
sediment varied from 80--90% for sulfides, sulfon.., and aromatic
sulfur compounds. Mercaptans and disulfid.. were not recovered
since these classes of compounds were retained on the Cu column.

Gaa Chromatographic Ana1YIll. A Perkin-Elmer model
3920B GC was used for all analyses. The entire Iystem waac-
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toLaI lipids or OSC extracted. The gas chromatogram of
freeze·dried sediment extract showed only the OSC that were
also present in the wet sediment The freeze drier. did not
form OSC artifacts, L'Ontrary to observations with alkenes (15).
GC analysis of the vacuum pump uil showed no OSC.

Using freeze-dried sediment, three solvent systems were
compared by gravimetric measurements of total extractable
lipids and GC quantitatiun of OSC. Twenty·four hour ex­
tractions with benzene;methanol (50;50). dichloromethane;
methanol (50;50). and dichloromethane alone gave comparable
results for OSC. Dichloromethane extracted only about '/3
8S much total lipids as by t.he other two solvent systems.
Continuing the dichloromethane extraction for a second day
afforded only an additional 4'70 nf extractable lipids, while
OSC showed no significant increase.

Trace levels of OSC in marine sediments require a larger
amount of sample than normally extracted in hydrocarbon
analyses. Approximately t.wice as much sample can be ex­
tracted in the same apparatus by using a freeze-dried sedi­
ment. The use of freeze~dried sediment also permits cli­
chloromethane to be used as the single extraction solvent
which is not possible if water is present in the sample. Di­
chloromethane is as efficient 8S more polar solvents for ex·
tracting OSC and he' lbe additional advant.nge nf simplifying
subsequent sample workup because of the absence of pigments
and more polar compounds that would be extracted with more
polar solvents.

S. Elimination. The main obstacle in the analysis of OSC
in marine sediments is elemental sulfur (S,) which is also
extracted with organic solvents. Existing in nature as an
eight·membered ring (/6), sufficient S. is usually present in
both oxidizing and reducing marine sediments to saturate the
FPD and therehy interfere with OSC analyses. Organic
extracts of primary-treated sewage effluent, storm-water
runoff, crude uils, and refined petroleum products usually do
not contain sufficient 88 to cause this problem (2). However,
since S8 is present in most sediment extracts, a method is
needed to eliminate it without allering OSC compositions.

Traditionally S. has been removed by elutin~ the lipid
ext.ract through a column of activated Cu powder (/0). Tests
with a mixture of urganosulfur standards showed that this also
remnved mercaptans and many disulfides. Individual sulfur
standards were recovered as follows: 2-mercaptonaphthalene,
0%; benzyl disulfide. 20%; thianthrene. 80%; dibenzo­
thiophene, 86%; n-butylsulfone, 87%; and phenyl sulfide,
90'70.

Other techniques were tested to eliminate Ss without reo
moving OSC. ElemenLaI sulfur can be removed hy sapnni·
fication of the extract. This procedure is often used in hy·
drocarbon analyses to remove esters from total lipid extracts.
Saponification cleaves the sulfur-8 ring. releasing water·soluble
ions which can be separated from the lipophilic organic
molecules. Another 88 removal technique is its conversion
to thiosulfate with tetrabutylammonium sulfite (/7). The
resulting thiosulfate dissolves in alcohol and can be separated
from the nonpolar organic material. Elemental sulfur can also
be eliminated from the lipid extract by converting S, to
thiocyanate by adding sodium cyanide (18).

None of these methods for removing S, was satisfactory in
this application. Thiocyanate, formed from sodium cyanide,
was difficult to separate from the organic extract. It partly
reacted with mercaptan and disulfide standards to give
nonquantitative results for these compounds. Tetrabutyl·
ammonium sulfite removed Ss efficiently, but the sulfite inn
apparently created two additional organic sulfur compounds
from the mixture of standards. Saponification removed both
S, and mercaptans. When this procedure waa applied to a
surface sediment extract, lbe gas chromatogram ahowed that

or glass-lined to prevent chemical reactions from contact. with hot
metal. Support-coated, open·tubular (SCOT) SE-30 ~Iass cnpillary
columns (30 m X 0.5 mm i.d .. deactivated \\;'ith triethanolamine)
were used in preference to wall-coated columns because of the
former's increased loading capacity. The column cfnuent was
split 2:1 to lbe FPD and FID. respectiv.ly. The FPD detection
limit was 1 ng S (S/N = 2, ±1O% reI. std. dev. for 10 injections
of dibenzothiophene over 5 days).

FPD Optimization and Calibration. Tests with SF6 and
a standard mixture of orgnnosulfur compounds showed optimal
FPD response with a H2 flow of 55 mL/min and an air now of
120 mL/min, in agreement with Mizany (I J) hut not Burnelt et
al. (9). H, flow of 75 mL/min gave an O,:H, ratio of 0.32 in tho
f1ame (found optimal by Burnett et al., (9)), but the response was
10% lower at the same noise le\'el. The flow to the FPD was 33
mL/min or 2/3 or the combined flow from the column (8 mL/min)
and lbe make·up gas (42 mL/min).

The GC signal output <theoretically the square root of the
photomultiplier response) was fed through a Spectrum model
1021A filter to reduce instrument noise, and then to a Columbia
Scientific Instruments Supergrator 3 integrator. The response
of the detector output vs. the injected amount was linear from
1-1500 ng for n·butyl sulfone. dibenzothiophene. thianthrene,
benzyl disulfide. phenyl sulfide, and 2·mercaptonaphthalene
(concentration = 0.88 (integral.or respnnse) + 10; r = 0.99451).
This response was related to the number of S atoms in a molecule
and not to chemical structure, in agreement with Maruyama and
Kakemoto (12). Such a calibration curve was recommended by
Burnett et aI. (9) to avoid systematic errors associated with a
nonHnear detector response.

Figure 1. Gas chromatogram of unfractionated Prudhoe Bay crude
oil. The sulfur-sensitive flame photometric detector (FPO) response
and the flame ionization detector (FlO) response were recorded si­
1TXJIIaneous/y. The peak labeled OBT is cibenzothiopheoe. Instrumental
conditions: Per1<in-Eimer 3920B gas chromalogaph witl1 FIO/FPO; 30
m X 0.5 mm SCOT glass capillary column: linear temperatlXo program
100-250 'c at 8'Imln
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RESULTS AND DISCUSSION
Extraction Procedures. Several extraction procedures

were compared for efficiency and ease of extraction. The tests
were performed upon sediment obtained with a van Veen grab
sampler in Puget Sound, west of Seattle (47' 41.0' N, 1220

28.0' W). This fine·grained sediment is typical of the major
basins in Puget Sound and has an organic carbon content of
=2%. Soxhlet extraction was used since it is believed to be
most efficient for lipids (13, 14). Extraction results of
freeze-dried sediment were compared to those obtained with
wet sediment. No significant differences were found in the

flO
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F~ure 2. Gas clvomatogram of a saponified sediment sample extract.
Instrumental conditions are as cited in Figure 1

all the major compounds contained sulfur (Figure 2). These
compounds were not removed from the extrad when it was
eluted through an activated Cu column. To wst whether these
compounds were artifacts or indigenous to the sediments, an
identical sediment sample was extracted, but an activawd Cu
column rather than saponification was used to eliminate S8'
The gas chromatogram was entirely different from that
obtained from the saponified sample (Figure 3, bottom). The
saponified sample was fractionated using silica-alumina gel
chromatography (14). The compounds seen in Figure 2 were
eluWd from the column in the methanol fraction. The sulfur
compounds in the 20% benzene in pentane and 1000/0 benzene
fractions were the same compounds that were observed in the
sediment sample that was eluted through the Cu column.
These results indicate that saponification created polar or­
ganosulfur compounds.

Another approach to eliminating Sa without removing the
more reactive ase was to stabilize the mercaptans and di·
sulfides prior to S8 removal. Compounds such as n·bromo·
2,3,4,5,6 pentafluorotoluene (19), benzoyl chloride (20), and
N-ethylmaleimide (21) call be used to form mercaptan de­
rivatives. Initially such derivatizing agents seemed desirable
since the recoveries of the sulfur compounds were high, but
base was required to form the derivatives quantitatively.
Evidently, S. was cleaved by base and reacted with the de­
rivatizing agents to form organosulfur. by-products. This
supposition was confirmed by the reaction of various mer­
captan derivatizing agents with elemental sulfur which re­
sulted in the formation of a variety of organosulfur com·
pounds. These derivatizing agents. therefore, cannot be
applied to the extraction and analysis of OSC in marine
sediments.

Artifacts Produced by Photosensitized Reactions.
Photoreactions may cause problems in extracting and ana­
lyzing OSC (22). At least one sulfur compowld in the sediment
extract appeared to undergo a photoreaction. Two samples
of surface sediment were extracted by the normal procedure.
One extract was left on a window sill in a transparent glass
container for 5 days while the other was kept in the laboratory.
Compound E in the extract left on the window sill appeared
to break down to form A, B, C, and D (Figure 3). Compound
D was also observed in sediment samples that remained in
the sunlight after collection aboard ship. There was no ev­
idence that the conditions of lhis experiment affected di-
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Flgure 3. Gas clvomatogam 0' a suiace sediment sample extract
eluted through a copper column to eijminate eklmental SutrlS. The
bottom FPO trace was 'rom a sample extract kept in the laboratory.
The top FPO trace was from an identical sediment extract that was
left on a window sill 'or 5 days. The FlO traces for the two samples
w.,e Identical. One is shown at the top of the f9re. The peaks _
DBT are dibenzothiophene. The lettered peaks are discussed in the
text. Instrumental conditions are as ciled in FiglSe 1

benzothiophene or its alkylated homologues.
Burwood and Speers (23) have suggested that photo­

oxidation of petroleum creates thiocyclane oxides. This did
not appear to occur in this experiment since the observed
reaction products were all nonpolar. In summary, care should
be taken to minimize exposure of samples and extracts to
sunlight. Normal laboratory fluorescent lighting does not
appear to cause artifacts during sample processing, but
am ber·colored glassware may minimize difficulties.

Applications to a Crude Oil. A sample of Prudhoe Bay
crude oil was mixed with pre-extracted sediment, Soxhlet
exlracted with dichloromethane, and eluted through a column
of Cu powder. GC analyses of the oil before and afWr the
procedure showed no change in the relative abundances of the
sulfur compounds (Figure 1). Evidently the dichloromethane
extractable fraction of the crude oil (1) contained all the S
compounds present in the oil that can be analyzed by GC, (2)
contained no mercaptans or disulfides, and (3) conlWned no
OSC formed during the procedure.
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Voltammetric Ion Selective Electrode for the Determination of
Nitrate

James A. Cox' and George R. Lllwlnskl

Department of Chemistry and Biochemlslry. Southern IIHnots Univershy at carbondale, Carbondale, /IIinois 6290 I

A sensor which use. an anlon-exchange membrane 10 enclose
a small volLme electrolyels cell has been demonstraled 10 be
sullable lor nllrale delermlnatlons. The Ihree-electrode cell
Includes a conslralned mercury column Indlcalor electrode;
IIl1er paper, which Is Impregnated wllh a 0.1 M KCI-Q.01 M
ZrOCI, eleclrolyte, serves as the conllralnlng barrier and as
Ihe apacer lor Ihe thln-layer electrolysis chamber. The an­
Ion-exchange membrane sheath pennls transfer 01 nitrate lrom
the sample Inlo lhe electrolysis chamber by DoMan dialysis
and exc:ludes several species which wOlAd otherwise Interfere,
Controlled polentlal eleclrolysls at -1.25 V vs. AglAgCI
provides the sensing current, the value 01 which Is proportional
10 Ihe sample concenlrallon 01 nltrale. As a sleady-slale
currenl Is nol developed wllh the present design, a dellned
currenl sampling time Is used. Linear response over 3 or­
der.-ol-magnllude nitrate concenlrallon Is obtained. The
delectlon UmIt using the current al 8 min Is 6.7 X 10'" M NO,-.

Membrane-clad voltammetric sensors have been designed
for the determination of certain molecular species. especially
dissolved gases. The Clark oxygen electrode is probably the
best known (I, 2). This system functions by using a neutral
membrane to separate the sample from a small volume
electrochemical cell. Oxygen diffuses into the cell where it
is continuously reduced by controlled potential electrolysis
at a platinum electrode; a steady-state current is developed
in proportion to the oxygen concentration in the sample.
Comparable sensors for ionic species have not been previously
reported.

The present design is based upon our earlier work in which
nitrate W811 determined by linear potential scan voltammetry
at a hanging mercury drop electrode in the presence of a
La(II1) catalyst (3). Donnan dialysis was used to transfer a
controlled fraction of the nitrate from the sample into the 0.01
M LaCl,-o.1 M KCl electrolyte prior to the voltammetric scan
in order to increase the overall .ensitivity (througb precon­
centration) and eliminate interference by cations and sur-

factants. In the present work ZrOC1, has been used as the
catalyst since. unlike in the J..a(III) system, the mercury surface
does not become passivated and dissolved oxygen does not
interfere with the development of the nitrate reduction current
(4).

EXPERIMENTAL
The instrumentation consisted of 8 t.hree-electrode polnrORcaph

which was constructed with Teledyne Philbrick Model 1027
operatiooal amplifiers and a Hewlett-Packard Model 1510JIl strip
chart recorder. The chemicals were ACS Reagent Grade and were
used without further purification. Because of the known effect
of aging (5-7), the electrolytes were prepared from a 0.1 M ZrOCl,
stock solution which had been stored for at least 3 weeks.

The ion-exchange membranes and the poly(vinyl acetate) and
poly(vinylalcohol) neutral membranes were obt.ained from RAI
Research Corporation, HauppauJ;::e. Long Island, N.Y. The
ion-exchange membranes were pretreated by the general procedure
of Blaedel and Kissel (8) except that they were stored ill 0.1 M
KCI-o.01 M ZrOC1, prior to use.

The membrane-clad voltammetric sensors (Figure 1) utilized
AgjAgCI reference, platinum counter, and constrained mercury
column indicator electrodes. The system was constructed by
cementing a 5-mm a.d. (2-mm i.d.) glass tube into a 12-mm o.d.
tube with Torr Seal low vapor pressure resin, Varian Associates,
Vacuum Division, Palo Alto, Calif. The tubes were placed
concentrically. The reference and counter electrode wires were
also cemented into the assembly. The resin face and outer tube
of the sensor were machined. at a 45° angle; the mercury tube was
left planar.

A pair of disks of \Vhatmnn No. 40 (medium) filter paper were
placed over the mercury tube and resin face. Prior to assembly
they were impregnated with the KCI-ZrOCI, electrolyte. The
paper served as the constraint for the mercury and as a spacer.
An ion-exchange membrane was firmly drawn over the entire end
of the assembly. The membrane was fixed in place by Tenon tape
and a small plastic hose clamp. Mercury was poured. into the inner
tube and electrical contact was made by inserting a plutinwn wire.
The length of the complete assembly was about 12 em,

The assembly was stored in supporting electrolyte between
experiments. As co-ion penetration occurs extensively with a high
ionic strength solution on each side of the membrane. this step
regenerates the inner solution and removes the electrolysis
products. At least 5 min is allowed for this step.
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Figure 1. Design of the voltammetrlc sensor. <a) PI CQU1ler electrode;
Ib) constrained Hg incicalor; IC) AglA<;P reference; (d) epoxy; (e) retainer
ring: (f) paper spacer and supporting electroryte reservoir; (g) an-­
ion-exchange membrane
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Figure 2. Linear scan voltammetric reduction of nitrate. (1) Hanging
merc")' aop; (2) paper-constrained merC")' coIUIm incicator electrode.
Solution; 10-3 M NO,-. 0.1 M KCI, 0.0\ M ZrOCI,: scan rale, 50 mV
s-'

RESULTS AND DISCUSSION

Preliminary experiments were performed to determine
whether the described sensor would respond to nitrate, In
these experiments, the electrode was dipped into a 10-' M
NaNO, solution for 15 min, and a linear potential scan
voltammogram was subsequently ohtained at a 10 mV S-I scan
rate. A nitrate reduction current plateau was observed in the
range -1.0 to -1.3 V; at more negative potentials discharge
of the supporting electrolyle occurs (Figure 2). Comparable
experiments performed with a typical polarographic cell and
a hanging mercury drop electrode produce a peak at -0.9 V
with the Zr(lV) catalyst in agreement with the results of our
recent mechanistic study (9). The high resistance of the
constrained Hg electrode and immobilized electrolyte are
responsible for the potential shift and lack of a distinct peak.

As the intended application uses controlled potential
electrolysis. the absence of a peak current is not important t

but since the paper-constrained Hg indicator electrode does
not permit complete resolution of the nitrate reduction current
from the supporting electrolyte discharge, other constraining
materials were tested. A mercury column with a terminal
coarse glass frit (IO) gave similar linear scan voltammetry
results; however, it was difficult to obtain good solution contact
when the ion-exchange membrane was attached, Neutral
membranes (poly(vinyl alcohol), poly(vinyl acetate), and
cellophane) were also employed to enclose the Hg column (I1);
because of slow diffusion of nitrate through these materials,
a nitrate reduction current was not observed, Subsequently
only filter paper was used as the Hg constraint and spacer,
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FIgure 3. CuTeot-tme behavior of the rIlrate IIOftammetrIc Ion selective
electrode. (l)NaNO" 10~M:(2)bIari«_H,O).~~,
100 mL. S<JpportW1g olectrolyte, 0.1 M K~.O1 M ZrOCl" Electrolysis
potential, -1.25 V vs. Ag/AgCl. Samples were deaerated for 5 min
prior to measlIement and were sti"red

Based upon the data in Figure 2, experiments were per­
formed in which the nitrate sensor was dipped into deserated
samples of various concentrations; the controlled potential
electrolysis current at -1.25V was monitored, TYPical results
are shown in Figure 3, The above electrolysis potential was
selected because it yielded the greatest signal-to-background
ratio. Unlike the case of polarographic oxygen electrodes,
steady-state currents were not obtained with the present
sensor design. Decreasing the ratio of electrode-to-membrane
areas, which decreases the time to reach steady state for tbe
oxygen electrode (2), was not effective. Hence, working curves
were prepared using the electrolysis current measured at 8

prescribed time after contact to the stirred sample,
Under such conditions, linear working curves were obtained.

For example. with an B-min current sampling time linear
least-squares analysis of a 7-point curve over the range 1.0 X
10-' to 1.2 X 10~ M NO,- yielded the following: slope, 1.91
± 0.05 X 10< nAjM; intercept, 0.34 nA; and correlation
coefficient, 0.998. The slope was unchanged up to 5 X 10-3
M NO,-. Five replicate blank trials (distilled water instead
of a nitrate sample) yielded a current of 0.42 ± 0.01 ~ with
the 8·min current sampling time.

The detection limit (using the criterion of the concentration
which yields a current of t"ice the blank uncertainty) was 6,7
X 10-< M NO,-. With a 2-min sampling time, the working
range was 8 X 10-' to 1 X 10-' M NO,-. A comparable least
squares study at the 10-' M level gave a slope of 1.37 ± 0,04
X 10' ~AjM, correlation coefficient of 0,9985, and intercept
of 8 X 10-' ~A.

The major limitations of the present electrode design are
the lack of a steady-state current and the physical instability
of the constrained mercury indicator electrode. Both problems
are associated with the Zr(lV) catalyst. The constant cecrease
in the blank current, which is shown in Figure 3, is probably
the result of some hydrogen discharge which occurs at -1.25
V, E\idence for this discharge is the increasing current beyond
-1.1 V in Figure 2 with the paper-constrained mercury in­
dicator. The consumption of proton during the subsequent
controlled potential electrolysis at -1.25 V would cause the
current contribution from proton reduction to decrease with
time. If the electrolysis cell could be constructed with a low
internal resistance. a nitrate reduction potential could- be
defined at which the background electrolysis is negligible (see
Figure 2). Such an electrolysis cell would presumably yield
a linear scan voltammetric response identical to that of the
hanging mercury drop electrode i-E curve in Figure 2, In this
case an electrolysis potential of -1.0 V would result in nitrate
reduction without concurrent proton reduction, Steady stata
would then likely be achieved. Such a cell could be made with
a solid indicator electrode. Several solid electrode types were
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investigated by linear scan voltammetry with the Zr(IV)
catalyst, including wax-impregnated graphite, mercury-coated
graphite and platinum, solid silver amalgam (12), and glassy
carbon. In each case, Lhe electrolyte discharge obscured the
nitrate reduction currenL An improved catalyst would permit
resolving the nitrate current from the background at a solid
electrode. The commonly used La(Ill) and UO,Cl, catalysts
(J3, 14) failed because of passivation of the electrode and a
low signal-to-background ratio, respectively. Presently ca­
talysis by a mixed Cd, Cu deposit on graphite, which was
reported by Bodini and Sawyer (15), is being tested in the
membrane-clod sensor.

Species which can interfere wiLh Lhe measurement, and the
extent to which they will interfere, can be predicted from
previous work. The anion-exchange membrane will exclude
neutral species, except for those of low molecular weight, and
cations (3). Anions which are electroactive at -1.25 V will
interfere. Fortunately Lhese are not abundant in most samples,
but nitrite, which often is present with nitrate. is in this
category. Measurements in nitrite-containing samples must
be performed after a separation or by an alternative approach
such as with an enzymatic method (16). Anions which can
affect the Zr(IV)-catalysis of the nitrate reduction will in­
terfere. For example, sulfate in high concentrations (ca. 10-3

M) will shift the nitrate reduction beyond the discharge of

the supporting electrolyte (9). If lbe sample is not deaerated,
the reduction of dissolved 0, will add to the background
current.
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Spectroelectrochemical Determination of Heterogeneous
Electron Transfer Rate Constants
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The theory underlying the single potential step spectroelec­
trochemJcal detennlnatlon of heterogeneous electron transfer
rate constants Is presented. The resulting expressions are
experimentally verified using the quasl-reversible oxidation 01
ferrocyanlde at tin oxide optically transparent electrodes at
pH 7.00. For thls model system, good agreement Is obtained
between values of k '.' and a determined spectroelectro­
chemically (k,,h = 4.6 (±0.2) X 10" cmls, a = 0.326
(±0.006» and those determined by the previously reporled
tec\vllque 01 chrClrlOCOUomelJy (k,,h = 4.0 (±O.2) X 10" cmls,
a =0.323 (±0.008». The present methodology was devised
to quanlUatively characterize and thereby compare the rates
of heterogeneous electron transfer at chemically modnled
electrodes. .

The recent development of chemically modified electrodes
(CMEs) has stimulated considerable interest, and a variety
of boLh Dovel methods of preparation and applications have
been reported. Electrochemical synLheses and analyses which
were intractable before the advent of CMEs have been re­
ported, and it is expected that activity in this area will increase

as present methodulogies are improved and new approaches
are developed.

Methodologies which have been applied to affect CME
surfaces include adsorption (1-14), amidization (15-22), si­
lanization (22-33), formation of etl,er linkages (34-36), vapor
deposition of phthalocyanine (37), and binding of quinones
(38). Other meLhods for preparing modified electrode surfaces
include use of plasma treatment (39) and electrochemically
driven surface reactions (40-42). Species selective electrodes
have also been developed for potentiometric and amperometric
analyses incorporating immobilized enzymes nnd bacteria.
Recent reports have described advances in this area of research
and this family of modified electrodes will not be discussed
here (43-45).

Spectroscopic and electrochemical techniques have been
used to characterize the morphology of CME surfaces, the
electrochemical behavior of the surface, and heterogeneous
electron transfer reactions occurring at CMEs. The latter
problem has been addressed using cyclic voltammetry, dif­
ferential pulse polarography, and chronocoulometry. However,
Lhese teclUliques fail to provide species-selective heterogeneous
electron transfer rate parameters in an extremely important
application of CMEs, namely, electrocataiysis. The absence

0003-2700179/0351-0556$01.00/0 © 1979 Amerk:an Chemical Soc'ety
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(9)

of any quantitative data on the heterogeneous rate constant
(h...) for a redox process driven at CMEs attests to the need
for a technique which provides this information. Knowledge
of the magnitude of ho.h for such electrochemical reactions
would permit quantitative comparisons of the methods of
electrode pretreatment, chemical modification procedures, and
other experimental variables. The optimization of the
electrocatalytic character of CMEs requires access to this
information.

Spectroelectrochemical methods have been shown to
provide species-specific probes with which the demeanor of
a specific electrochemical process of interest may be char­
acterized (46, 47). Theories for characterizing a variety of
chemically coupled electrochemical mechanisms and tbe
attendant kinetic parameters have been advanced using
spectroelectrochemical methods (47). There has been no
treatment for spectroelectrochemically determining hetero­
geneous electron transfer rate parameters for quasi-reversible
and irreversible systems.

While chronocoulometric theory has been developed and
reported for the measurement of h.b (48), this technique lacks
species specificity if more than one electron transfer process
is occurring. It has been suggested that spectroelectro­
chemistry may be useful in the determination of h'b (49), but
this application of the technique has not been demonstrated.
The theory and experimental verification of the application
of spectroelectrochemistry to the determination of h•.h is
reported here. The formulation of the theoretical expressions
is analogous to the previously reported chronocoulometric
treatment (48) and the results of the two techniques agree for
the chosen model system, ferricyanide/ferrocyanide in pH 7.00
phosphate buffer at a tin oxide optically transparent electrode
(OTE).

It is expected that the spectroelectrochemical technique will
provide a useful tool with which to measure h•.h of hetero­
geneous electron transfer reactions at CME surfaces. Work
in these laboratories is in progress to measure k•.h for het­
erogeneous electron transfer reactions of biological molecules
at CMEs of the type that has been previously described (41,
42).

where CoA is the bulk concentration of A.
By the method of Laplace transforms, solution of EquatiollS

2 and 3 with the initial and boundary conditions given by
Equations 4-7 affords the concentration of electrode reaction
product in the transform plane, namely

CB(x,s) =

~;B~:: [sl/2 + h~b1DA1/2 ] exp (- ~~:~2) (8)

In the transform plane, the optical absorbance of this
electrode reaction product, observed in the transmission mode,
is given by (47)

A8 (X,s) = 'B(X) So- CB(x,s)dx

Substitution for CB(x,s) from Equation 8 affords

_ tB(X) hlb CoA

AB(X,s) = D 1/2 X

[s'/2 : h~blDAI/' ] So-exp (- ~~:~2)dx (10)

which integrates to give

AB(X,s) = 'B(X)h,» COA(';I')( sl/2 + h~»1D
A

t /2 )

(11)

and, in turn inverts (50) as

_ 'B(X) CO ADA [ 2hlb tIl' +
AB(X,I) - h 1/2 D 1/2

fob if A

(
hrh't) (hlbtI/2) ]

exp -fJ; erfc D
A

I
/

2 - 1 (12)

(2)

THEORY
For the charge transfer process given by Equation I,

k"
A ± ne" =' B (1)

k....

diffusion of the two forms of the redox couple to and from
a planar electrode surface may be expressed as

uCA(x ,t) u'CA(x ,I)
--ut-=DA~

If the magnitude of the potential step applied to the
electrode is sufficiently large to cause tbe forward reaction
in Equation 1 to proceed at a diffusion controlled rate, then
the time-dependent optical absorbance of the electrode re­
action product, AB

D, is given by (51)

?
A D (X t) = --=- , (X)D 1/2Co t l/2 (13)

B , 1fl/2 B A A

The ratio of the kinetically contrDlled absorbance (Equation
12) to the diffusion controlled absorbance (Equation 13)
provides the normalized absorbance, AN, namely

(3)

(15)

(14)
r l / 2

AN(X,t) = 1 + 2\ [exp(l') erfc W - 1]

where

hr.htl/2

r= DAI/'

The dependence of the normalized absorbance of the electrode
reaction product on the dimensionless parameter r is shown
in Figure I. This working curve is of the same functional form
as that obtained for the chronocoulometric response of this
same system (Equations 1-7) (48). The optical measurement,
however, affords a means of discerning the heterogeneous
electron transfer rate constant for a single redox reaction of
interest even if charge is being consumed by other diffusing
and nondiffusing processes.

uCB(x,t) u'CB(x,1)
--ut-=DB~

Application of a potential step of sufficient magnitude to cause
the forward reaction in Equation 1 to proceed at a fate
governed by hr.h (h bb being negligible) renders the following
initial and boundary conditions valid:

CA(x,O) = CO A; CB(x,O) = 0 (4)

uCA(x,t)
DA-u-x- 1,-0 = h'.h CA(O,I) (5)

and

uCB(x,t) uCA(x,t)
DB -u-x- 1,-0 = -DA -u-x- 1,-0 (6)

CA (x - "',t) = CoA; CB (x - "',t) = 0 (7)
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F~ure 2. Cyclic ve>rl8mmetric behavior of 5.0 mM ferrocyanide at tin
oxide Erieetrode. EJectrode area = 0.40 an2; sweep rate = 125 mV/s.
Curve A: 0.50 M glycine/HCI, pH 2.50. Curve B: 0.10 M phosphate,
0.10 M NaCI, pH 7.00
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slep and thrnugh agreement between experimentally deter­
mined and previously reported (51) values of , ...leN),'"'
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Time dependent absorbance and charge transients were
determined at various potential steps of magnitudes less than
those required to force diffusion-controlled electro-oxidation
of ferrocyanide. Representative dynamic spectroelectro--

2 3 4 5
Time Isec)

Figu'e 3. Absorbance-time behavior lor potential step eleetr<Hlxidation
of 5.34 mM ferrocyanlde at tin oxK1e OTE at pH 7.00. Solid lines are
experrnental transieots; open circles are theoretical responses calcUated
from Equation 12. Clfie a: ~ = 20 mV, theorellcal response calcUated
lor k .. = 4.02 X 10" cmls; euve b: ~ = 70 mV, theorellcal response
calculated for kit., = 1.05 X 10-3 em/s; Curve c: 17 = 120 mV,
theoretical response calculated for ku'l = 2.00 X 10-3 em/s; Curve
d: ~ = 170 mV, theoretical response calculafed lor k .. = 4.57 X 10"
em/s; ClIVe e: 11 = 220 mV, theoretical response calculated for k'Jt
= 7.13 X 10.3 em/s; Curve t: Jj = 270 mV, theoretical response
cslculated for Ie,,, ;;; 1.41 X 10.1 cm/s; Curve g: '1 = 820 rnV.
theoretical response calculated from Equation 13
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(
k1h t \l2)

log~

Figure 1. Working curve for spectroelectrochemlcal determination of
heterogeneous electron transfer rate constants

1.0

EXPERIMENTAL
Materials, Deioniz.ed (Barnstead D08(3), glass distilled water

was used for all solution preparations. Potassium ferrocyanide
(Mallinckrodt, Analytical Reagent) was used as received for the
preparation of sample solutions in pH 7.00 phosphate buffer
(Titrisol, Merck) containing 0.100 M sodium chloride (Fisher),
Solutions were prepared by direct weighing immediately prior
to use and were deoxygenated with prcpurified nitrogen (Lincle)
which was passed. over hoL copper turnings and then pre-saturated
with distilled water.

Apparatus. Electrochemical instrumentation, described
elsewhere (52), was modified to incorporate n current follower
configuration to ensure iuvariallcc of electrode potential during
the potential step perturbation. Analog inlegration of the resulting
current transients permitted chronocoulometric observation of
the reaction system. Tin oxide OTEs (Corning, 10 0/0) served
as working electrodes in cells of 8 pre'fiolL'ily reported desig:n (4i).
All spectroelectrochemical measurements were made at the .\rNl

of Fe(CN),'-, 420 nm. The electrochemical and optical systems
were interfaced with a dedicated computer system for the ac·
quisition, reduction, and presentation of data (53). The saturated
calomel reference electrode employed in the experimental
measuremenLs was calibrated using R platinum electrode immersed
in saturated solutions of quinhydrone (Eastman) at pHs of 7.00,
7.50, and 8.00 (54). All potentials reported here arc rclative to
the normal hydrogen electrode. All measurements were made
at 25.0 (±0.2) 'C.

RESULTS AND DISCUSSION
In acidic aqueous solution, the ferricyanidejferrocyanide

couple exhibits reversible electrochemical behavior al tin oxide.
This behavior, shown in Figure 2A, is consistent with that
previously reported (51). With decreasing acidity, however,
electron transfer between this couple and the tin oxide
electrode becomes quasi-reversible (47, 55) and this behavior
at pH 7,00 is shown in Figure 28. Quasi-reversible behavior
of this couple has also been observed at uther electrodes,
notably platinum (56-60), carbon (59-62), and guld (59,63).

Application of potential steps of 800 mV or more to the tin
oxide OTEs resulted in the diffusiun controlled oxidation of
ferrocyanide at pH 7.00. The integrity uf diffusion conlrol
of this system under these conditions was demonstrated by
both ehronocoulometry and spectroelectrochemistry. In the
former case, diffusion control was ascertained through linearity
of the clutrge dependence on the square root of time over the
duration of the potential swp and through agreement between
the electrode area determined under these experimental
conditions and that evaluated at pH 2,5 whereat the system
is known to behave reversibly (51), In the latter case, diffusion
control was validated by linearity of absorbance dependence
on the square root of time over the duration of the potential
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Table I. Heterogeneoul Electron Tranlfer Rate Conotants for the Oxidation of Ferrocyanlde at Tin Oxide Evaluated by the
Spectroelectrochemical TechniqueO

h"hb (cm/I) X 10'

time,se "d_20mV ";70mV ";120mV ";170mV ";220mV ";270mV

0.60 1.08 ('0.02) 2.26 (,0.06) 4.06 (,0.08) 7.39 ('0.07) 13.6 ('0.4)
1.00 0.606' ('0.012)' 1.09 ('0.02) 2.29 (,0.02) 4.00 ('0.04) 7.36 (,0.08) 13.9 (,0.3)
1.60 0.601 (,0.009) 1.08 (,0.01) 2.28 (,0.02) 4.06 ('0.06) 7.27 (,0.06) 14.2 ('0.2)
2.00 0.681 (,0.006) 1.06 ('0.01) 2.31 ('0.02) 3.96 ('0.04) 7.31 (,0.06) 13.7 (,0.2)
2.60 0.671 ('0.006) 1.06 (,O.Oll 2.28 (,0.01) 3.99 (,0.06) 7.30 ('0.10) 14.1 ('0.1)
3.00 0.664 (,0.006) 1.06 (,0.01) 2.26 (,0.02) 3.99 (,0.02) 7.28 (,0.06) 14.0 (,0.2)
3.60 0.660 (,0.007) 1.04 ('0.01) 2.27 ('0.02) 3.96 ('0.03) 7.24 ('0.06) 14.6 ('0.2)
4.00 0.668 ('0.008) 1.03 ('0.01) 2.23 (,0.01) 4.01 ('0.02) 7.38 ('0.10) 14.2 (,0.4)
4.60 0.664 (,0.004) 1.03 (,0.01) 2.26 (,0.03) 4.02 (,0.02) 7.43 (,0.14) 14.2 (,0.2)
5.00 0.546 (,0.003) 1.04 (,0.02) 2.23 ('0.02) 4.02 (,0.03) 7.30 (,0.05) 14.3 (,0.2)

a (K. Fe(CN)o] :; 5.34 mM or 5.02 roM. b According to Equation 1. C Following onset of potential step. dOver­
potential where" ; Est•• + E", - g"; g" for Fe(CN).'·/Fe(CN).·· ; 424 mV vs. NHE (55).• Mean value of 5 measure'
ments. f Parentheses contain one standard deviation.

59

59

62

59

ref.

this work

this work

0.69

0.43 (,0.05)

0.37 (, 0.03)

0.65 (, 0.02)

0.328 ('0.006)

5.4 X 10-'

1.2 ('0.3) X 10-'

3.3 (,0.2) X 10"

1.4 ('0.3) X 10-'

4.0 ('0.2) X 10-'

glassy
carbon

platinum

boron
carbide

tin
oxide

gold

rotated disk
electrode
voltammetry

turbulent tubular
electrode
voltammelry

turbulent tubular
electrode
voltammctry

pulsed rotation
voltammetry

chrono­
coulomctry

Table II. Heterogeneous Electron Transfer Kinetic Parameters for the Oxidation of Ferrocyanide

technique electrode solution conditions hO
, f.b' cmls

spectroelectro' tin 5 mM K, Fe(CN). in 0.10 M 4.6 (, 0.2) X 10-'
chemistry oxide phosphate, 0.10 M NaCl.

pH 7.00
5 mM K.Fe(CN). in 0.10 M

phosphate, 0.10 M NaCI ..
pH 7.00

0.10 mM K.Fe(CN). in
0.10 M phosphate, pH
7.5

0.10 mM K,Fe(CN). in
0.10 M phosphate. pH
7.5

0.10 mM K,Fe(CN). in
0.10M phosphate, pH
7.5

10 ~M K.Fe(CN). in
0.10 M phosphate, pH
7.5

chemical behavior is shown in Figure 3 together with theo­
retical behavior calculated from Equation 12. Using the
normalized absorbance (Equation 14) derived from the
sub-diffusion (kinetically controlled) transient behavior and
the experimentally determined diffusion-controlled response
resulting from the ~800-mV potential steps, the heterogeneous
electron transfer rate constants (hr..., Equation 1) summarized
in Table 1were determined. Of particular significance is the
invariance of these experimentally determined rate constants
over the duration of the potential steps which speaks to the
validity of the theoretical expressions presented above. The
slight trending in hr.h to lower values with time at small
magnitudes of overpotential indicates that at small ~. the back
reaction in Equation 1 becomes significant on the time scale
of the experiment.

Using the technique of chronocoulometry (48), the het­
erogeneous electron transfer rate constants (hr.h, Equation 1)
for the ferrocyanide system were determined over the same
range of ~ employed for spectroelectrochemical measurements.
Figure 4 shows the dependence of the logarithms of the rate
constants on overpotential observed by both techniques.
Linear regression analyses of these data afford the formal
heterogeneous electron transfer rate constants (hO 'r.h) and
transfer coefficients (a) tabulated in Table II.

Of the numerous studies of the heterogeneous electron
transfer kinetics of the ferricyanide/ferrocyanide system which
have been reported, the majority have either examined the
reduction of ferricyanide or followed the method of Randles
(64) wherein both oxidation of the reduced form of the couple
and reduction of the oxidized form of the couple are utilized
in the determination of kinetic parameters. Representative

-1.50

-2.00

~

~ -2.50
Cll
£

-3.00

-3.50

o 50 100 150 200 250

,\lmVI

Figure.. Dependence of k .. detllfm!ned by spectroelectrochemlcal
(0) and etvonocoUomelric (0) tectY1lques on overpotentlal. eoa_
of correlation: spectroelactrocherristry. R·= 0.9993; ctronocoUometry,
R = 0.9989

results from studies involving the oxidation of ferrocyanide
have been included in Table II for comparison with this
present work.
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The power of spectroelectrochemical wehniques in the study
of electron transfer processes has been amply demonstrated
(46, 65). The major advantages of spectroelectrochemistry
compared to chronocoulometry in the measurement of het·
erogeneous electron transfer kinetic parameters are the
molecular specificity of the optical measurement and the
freedom from errors associated with charge transfer processes,
faradaic and nonfaradaic, other than the redox reaction of
interest. In applying CMEs to the study of the electron
transfer reactions of biological molecules. this latter advantage
is of paramount importance. Biological sample preparations
usually contain unknown impurities which may adversely
affect chronocoulometric results as· a consequence of the
isolation and purification procedures which arc extant for a
given system. Further, knowledge of the electron transfer
kinetics be/ween biological molecules which participate in
physiological redox reactions offers insight into the mode and
mechanism of these processes. The spectroelectrochemical
technique described here used in concert with CMEs which
exhibit quasi-reversible electron transfer kinetics with bio­
logical molecules (41, 42) offers access to such kinetic pa·
rameters without the need for electrochemical mediators or
exogenous chemical titrants. \Vork in these laboratories is
being conducted to take advantage of this a",>roach both in
the study of electron transfer reactions of biological molecules
from plant, bacterial, and mammalian sources ll1ld in the study
of heterogeneous catalytic processes.
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Thin-Layer Spectroelectrochemistry for Monitoring Kinetics of
Electrogenerated Species

Elmo A. Blubaugh, Alexander M. Yacynych,' and William R. Heineman·

Department 01 Chemistry. University 01 Cincinnati. Cincinnati. Ohio 4522 t

azobenzene

0-" H-O'>-.1 LL '>-.1

EXPERIMENTAL
Optically transparent thin-layer cells were constructed by

sandwiching gold minigrid (SOO Ipi) between two quartz plates
separated by two 2·mil Tenon tape spacers (4). Cell thicknesses
were ca. 0.23 mm. The mercury-coated gold minigrid electrode
was prepared by a previously reported procedure (22). The

benzidine

hydrazobenzcne

O-HH-O
'" 1 LL '>-.1

hydrazobenzene

~olu'lon

reaction:

H'N~ r1l +

~
NH,

diphenyline

Considerable data on the benzidine rearrangement are
available for comparison purposes since this reaction has been
used as a model EC mechanism for e"aluating numerous
electrochemical techniques including polarography (15), double
potential step chronoamperometry (16), double potential step
chronocoulometry (17), twin-electrode thin-layer electro­
chemistry (18), chronopotentiometry with step current reversal
and reverse ramp current (19). thin· layer chronopotentiometry
(19), thin-layer potential-step chronocoulometry (19), cyclic
voltammetry (20), and potential step generation with linear
sweep reversal (21).

thin-layer spectroelectrochemistry (2, 3) and electrogenerated
intermediates were optically observed (8. 9). However, the
quantitative measurement of rate constants has only recently
been reported. Owens and Dryhurst measured the rate
constant for the hydrolysis of a diimine electrogenerated by
oxidation of S,6-diaminouracil (10). McCreery reported the
rate constant for the hydrolysis of eleclrogenerated p-quinone
imine by 8 method. in which the amount of reactive species
was varied by potential control of the [Ol/[RJ ratio in the thin
layer (11). This "non-quantitative generation" approach was
effectively used to slow the reaction into a time frame ob­
servable with the thin-layer cell. Mark et al. have used the
OTILE to spectrally observe the homogeneous reoxidation
of electrogenerated cob(l)alamin (12-14).

In this study, the utility of the OTILE for the spectrosoopic
measurement of rate constants for homogeneous chemical
reactions of electrogenerated species is evaluated for single­
and double-potential step techniques. The benzidine rear­
rangement was selected as a model system. The reaction
sequence involves the acid-catalyzed rearrangement of hy­
drazobenzene which is generated by reduction of azobenzene:

electrode 0-1 -0
ge ne'a tian: '>-. N=N '>-. 1

I Present address: Deportment of Chemistry, Rutgers University,
New Brunswick. N.J. 08903.

Thin-layer electrochemical cells restrict the diffusional path
of the elcctroactive species by trapping a "thin slab" of solution
between two barriers (1, 2). Exhaustive electrolysis of
electroactive species in the thin solution layer can be achieved
in about 10-60 s with diffusion as the only mode of mass
transport. Optically transparent thin-layer electrodes
(OTILE) enable spectrosoopic observation of electrogenerated
species via a light beam passing through the thin layer of
solution and the electrode (3. 4). Therefore, the OTILE is
potentially useful for the optical monitoring of homogeneous
chemical reactions that 8n electrogenerated species may
undergo.

The OTILE technique offers advantages which warrant
its consideration as a method for kinetic studies. (a) Since
the reactive species is trapped in the thin solution layer, very
slow homogeneous chemical reactions should be observable.
Such slow reactions are not always amenable to study by
conventional electrochemical techniques in which diffusion
of the reactive species away from the electrode is unrestricted.
Perturbation of concentration gradients by convection limits
many semi-infinite diffusion techniques to a time domain of
less than ca. 60 s. (b) Since electrogeneration of reactive
species in the thin solution layer is quantitative, spectral
observation of intermediates and products of the chemical
readion is not interfered with by starting material, unless a
regenerative mechanism is involved. (c) The readive species
is homogeneously distributed across the thin solution layer
after its quantitative generation from starting material. Such
a homogeneous solution of reactive intermediate allows
subsequent kinetic processes to be treated by conventional
methods of data analysis for kinetics. This is less complicated
than non-thin-Iayer electrochemical and spectroelectro­
chemical techniques for which appropriate diffusion equations
must be solved or simulated to extract information about
kinetics (5-7).

The measurement of reaction rate constants with an
OTILE was suggested during the early development of

The applicability 01 thln-layer optically transparent electrodes
lor monitoring homogeneous chemical reactions 01 electro­
generated species has been demonstrated. The reactive
species Is coulometrlcally generated In the thin solution layer
at a mlnlgrld electrode, and the chemical reaction Is optlcaUy
monitored by light passing through the transparent electrode.
Single- and double-potenllal step techniques are demonstrated
using the benzidine rearrangement as a model system.
Spectra In the 200-320 nm range were obtained with a rapid
scanning spectrometer dUring electrogeneratlon and reaction.
Absorbance vs, time data were then displayed lor analysls 01
the kinetics, Rate constants obtained for the aclck:atalyzed
benzidine rearrangement were 2.8 X 10-> S-l In 0.05 F HCI
and 3.0 X 10-2 5-1 In 0.10 F HCI.

000:l-2700119/0351-ll561$0 1.00/0 e 1979 Amo<lcan Chem:cal Society
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Figure 1. Cyclic voltammogram of azobenzene on Hg-Au mlnlgrid
OTTLE. 1 mM azobenzene, 0.050 FHCI. 0.200 FKCI, 44% ethanol.
Scan r8le. 10 rnV 5- 1

OTI'LE was masked with black vinyl tape so that the optical beam
passed through 8 2 X 2 mm area in the center of the minigrid.
Reference and auxiliary electrodes were placed in 8 small solution
cup int<> which the OITLE was dipped. OITLE cells were
subjected to 10 min of radio-frequency plasma discharge prior
to use for removal of ,any organic film.

A potentiostat of conventional operational amplifier design was
used to provide potential control. All potentials were measured
VB. an SCE using a Fluke BooBA digital voltmeter.

All chemicals were of rcagent grade quality. Azohenzene
(Eestman Kodak Co.) was recrystallized from ethanol until its
aboorption Bpectrwn remained oonstant (23). A 44 % ethanol-56%
water solvent mixture was prepared by combination of equal
volumes of 950/0 ethanol and deionized, doubly distilled water.
Solutions were 0.050 For 0.100 F Hel with a concentration of
1 mM azobenzene and a sufficient amount of KCI to give an ionic
strength of 0.25. Solutions were deoxygenated by nitrogen
bubbling before use and were kept under nitrog-en and in the dark
to avoid phowoxidation of the 8zobenzene.

Single·potential step experiments were performed on mer­
cury-coated gold minigrid OITLEs. The electrode assembly was
positioned in the deoxygenated sample compartment of a Harrick
Rapid Scan Spectrometer, RSS-B. Externaltri~~ering and data
acquisition were accomplished through a data linkup with a
Raytheon 704 computer. Spectra in the range of 220 to :l20 11m
were obtained at a rate of 10 spectra per second. The abgor­
bance-time curves at fixed wavelengths of 293 and :lOO nm were
then plotted via data reduction procedures previously reported
(24). New solution was drawn inlo the OTTLE from the reservoir
cup before each measurement.

Double-potential step experiments were performed on a gold
minigrid OITLE. The electrode assembly was placed in the
deoxygenated sample compartment of 8 Cary 14 spectropho­
tometer. Deoxygenated solution was added to the solution cup,
and new solution was drown into the cell before each measurement
at different reaction times. tH' External triggering of the po·
tentiostat was provided by a PAR 175 Universal Programmer.
Absorbance-time curves were obtained at 325 nm for different
reaction times, 1ft.

RESULTS AND DISCUSSION
Cyclic Voltammetry. Cyclic voltammograms of azo­

benzene were used t<> determine appropriate putentials for
the potential step experiments. A typical voltammogram
obtained on a mercury-cooted gold minigrid (Hg-Au) O'ITLE
is shown in Figure I. The wave for reduction of szobenzene
to hydrazobenzene is clearly defined although somewhat
dist<>rled because of resistance in the OTILE. The oxidntion
wave for hydrazobenzene to azobenzene is obscured by oxi­
dation of the mercury film to form mercurous chloride. The
Hg-Au OTTLE WIlS used for the single-potential step ex­
periments to facilitate comparison with previous measure·
ments made on mercury electrodes (19) and to extend the
negative potential range. The latter aspect enabled the
potential t<> be stepped well beyond the peak potential so that
resistance effects on the rate of electrolysis were minimized.

A voltammogram obtained on a gold OTTLE is shown in
Figure 2. In this CllSe, both reduction and oxidation waves

1QO/J,OlTlP.

o ·'1.}~O U-l'X;. -~.l,v..:::

... ·.·~llts \0'50 -="c.~.

Flgwe 2. Cyclic voltamll"O\Tam 01 azobenzene on Ao m1nlgid OTTLE.
1 mM ezobenzene. 0.050 F HCI, 0.200 F KCI. 44 % ethanol. Scan
rate, 10 mV 5- 1

Figure 3. Spectra recorded on Hg-Au OTTLE during single-potential
step spectroelectrochamlstry. Polential step 0.000 V to -0.600 V vs.
SCE. 1 mM azobeozena, 0.05 FHCI, 0.20 FKCI. 44% ethanol. Each
spectrum represents 100 signal averaged spectra

are reasonably well defined, although merging or the reduction
wave with the onset of hydrogen evolution restricts the ac­
cessible negative potential range. The gold OTTLE was used
for the double-potential step experiments so that the potential
could be stepped beyond the oxidation wave for the conversion
of hydrazobenzene back to szobenzene.

Cyclic voltammograms performed on a solution of hy­
drnzobenzene after a 30-min reaction time to generate ben­
zidine and diphenyline gave no waves between +0.2 and -Q.B
V, substantiating electroinactivity of the reaction products
in this potential range as previously reported (19).

Spectra. Spectra were recorded during a single-potential
step experiment t<> enable selection of wavelengths for optically
monitoring the benzidine rearrangement. Figure 3 shows
spectra that were recorded during a single-potential step
experiment in a Hg-Au OTTLE. The potential was stepped
from 0.0 to -Q.6oo V vs. SCE and spectra were recorded at
the rate uf 10 spectra per second with the Rapid Scanning
Spectrometer. Signal averaging was used to improve the
signal-la-noise ratio. Each spectrum represents an average
of the 100 spectra recorded during ±5 s of the indicated time.

The spectra show 8zobenzene (spectrum at open circuit),
which was then reduced to hydrnzobenzene (5-45 5) with
subsequent rearrangement t<> products (750 s). Severe overlap
of the azobenzene peak at 233 nm, the hydrazobenzene peak
at 245 run, and the benzidine peak at 255 run is apparenL This
is quite different from previously reported spectra that exhibit
less overlap of the hydrnzobenzene and product spectra (23).
The peaks shown in Figure 3 are shifted ill shorter wavelengths
thnn those previously repurted because of prot<>nation in the
acidic media.

Single-Potential Step Thin-Layer Chronoabsorptom­
elry. The single potential step approach t<> the mellSurement
of kinetics in the OTTLE involves quantitative electro­
chemical reductiun of azobenzene to hydrazobenzene in the
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Table I. Rate Con.tante for Benzidine Rearrangement Determined by Thin-Layer SpectroelectrochemUtry"

technique supporting electrolyte A, om 10' k• • -1 10· atd. dev., ,-I

single-potential step

double-potential step

• Temperature, 24.5-25.5· C.
-0.600 to +0.300 V vs. SCE.

0.05 F HCI, 0.2 F KCt, 44% EtDH 293
300

0.10 F HCl, 0.15 F KCl, 44% EtOH 293
300

0.05 F HCl, 0.2 F KCl. 44% EtOH 325
0.10 F HCl, 0.15 F KCt, 44% EtDH 325
0.10 F HCl. 0.15 F KCl. 44% EtOH 325

b Potential step: 0.00 to -0.600 to +0.300 V vs. SCE.

2.7 0.36 (N: 3)
2.8 0.3 (N: 3)

30 3.2 (N: 3)
30 3.9 (N: 3)

8.7b 0.24 (N: 2)
16b 1.2 (N: 2)
11e 1.5 (N: 2)

C Potential step: + 0.300 to

Table D. Previously Reported Rale Constanta for Benzidine Rearrangement

technique supporting electrolyte

twin.-eJectrode thin-layer

thin-layer current-reversal
chronopotentiomctry

thin-layer double-potential
step

reaction quenching with
spectrophotometry

0.100 F HClO, , 0.15 F NaClO" 35.5% EtOH
0.063 F HClD" 0.15 F NaClO" 35.5% EtOH
0.075 F HClD,. 0.15 F NaClO" 44.0% EtOH
0.040 F HCID.. 0.15 F NaClO.. 44.0% EtOH
0.0997 F HClD" 0.15 F NaClO" 38.5% EtOH
0.0629 F HClO, , 0.187 F NaCIO" 38.5% EtOH
0.0997 F HClO, , 0.15 F NaClO,. 38.5% EtOH
0.0629 F HClO, • 0.187 F NaCIO,. 38.5% EtOH
0.050 F HCl, 0.0200 F NH,Cl. 44% EtOH

10) k, S-I ref

22.3 (18)
9.0
4.23
2.16

31.0 (19)
13.9
20.0 (19)
8.6
1.32 (25)

293 nm<

I:'lI --.-<l,_-'-,_-<l:-__"~~~+--I_
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figure 4. Absorbance-time curve at 293 Ml dtrilg potential stop from
0.000 to -0.600 V vs. SCE. 1 mM arobenrene, 0.050 FHCI. 0.200
F KCI, 44 % ethanol

thin solution layer by a potential step from 0.00 to -0.60 V
vs. SCE. The electrolysis and subsequent rearrangement of
hydrazobenzene are monitored spectrally. Severe overlap at
the lower wavelengths necessitated optical monitoring of the
reaction at >250 nm. The wavelengths selected for the
single-potential step measurements were 293 and 300 nm
where the absorbance change due to the benzidine rear­
rangement was greatest (difference between 45- and 750-s
curves) and the spectrometer signal-to-noise ratio was best.
A typical absorbance-time curve at 293 nm is shown in Figure
4. The rapid decrease in absorbance during the first 30 s
corresponds to the reduction of azobenzene to hydrazobenzene;
the slow subsequent decrease is due to rearrangement of
hydrazobenzene.

The rearrangement of hydrazobenzene is an acid-catalyzed
pseudo-first-order reaction (15-21). Consequently, plots of
absorbance-time data according to Equation 1 should be linear
with a slope of -k and an intercept of In (A. - A.).

In (A, - A.) = -hI + In (A. - A.) (1)

where k : pseudo-first-order rate constant, S-I; A. = initial
absorbance = b',.HA8 (HAB).; A. : final absorbance =
b('"DP[DP]. + ',.az(BZ).); A, : absorbance at time t :
b(".HA8IHABl, + '"DP(DPI, + <'.az[BZ),); in which HAB =
hydrazobenzene. DP = diphenyline, BZ = benzidine; b :
pathlength of thin-layer cell. , = molar absorptivity, A typical
plot is shown in Figure 5. In all cases. the plots were linear

Figure 5. KlnetJc plot of s1ngle-potential step absortlanee-time data
at 293 Ml. 1 trM azobenzene. 0.050 FHa, 0.200 FKCl soUion, 44%
ethanol

with the correlation coefficient being greater than 0.99.
Second-order plots were nonlinear. substantiating the ex­
istence of a first·order reaction.

A summary of rate constants obtained with 0.05 F HCI and
0.10 F HCI at two monitored wavelengths is shown in Table
I. The pseudo-flrst-<>rder rate constant is larger for the greater
acid concentration as would be expected for the acid....talyzed
rearrangement. The rate constants are in good agreement with
those obtained by electrochemical techniques under similar
solution conditions shown in Table II. The rate constant of
2.7 x 10-3 S-1 reported here for 0.050 F hydrochloric acid is
intermediate between the twin-electrode thin-layer values of
2.16 x 10-3 S-1 and 4.23 x 10-3 S-1 for perchloric acid con­
centrations of 0.040 and 0.075 F, respectively (18)_ It also
compares favorably with the 1.32 X 10-3 S-1 value obtained
by a nonelectrochemical technique in 0.050 F HCl, 0.200 F
NH.Cl. 44 % ethanol (25). The rate constant of 3.0 X 10-2 S-l

obtained for 0.10 F HCt is comparable to the value of 2.23 X
10-' ± 0.06 X 10-2 S-1 reported for 0.10 F HClO., 35.5% ethanol
obtained by the twin-electrode method (18) and 3.10 X 10-2

sol by thin-layer chronopotentiometry and 2.0 X 10-2 S-1 by
thin-layer potential step in 0.0997 M HCIO., 0.15 M NaCIO••
38.5% ethanol (19).

These results were obtained under non-ideal apectroscopic
conditions since the total absorbance change resulting from
the benzidine rearrangement was less than 0.05 au. This



Fig... 7, Kinatlc plot for do<bIe-potentJal slep absorbance-tlme data.
Potential slep from +0.300 to -0.800 to +0.300 V vs. SCE. 1 mM
azobenzene, 0.100 F HCI, 0.15 F KCI

by the double-potential step method for 0.05 F and 0.10 F acid
solutions are shown in Table I.

Comparison of Single- and Double-Potential Step
Methods. Agreement between rate constants obtained by the
single-potential step and double-potential step techniques is
fair. The difference between rate constants obtained by the
two techniques is attributed to uncertainty in the reaction time
t n for the double-potential step method. In this technique.
the reaction is initiated by the first potential step and then
quenched by the second potential step. Since exhaustive
electrolysis of the thin solution layer requires about 30 s. the
times of reaction initiation and quenching are estimated by
the graphical procedure in Figure 6. The resulting uncertainty
in tR is significant on the time scale of the benzidine rear·
rangement. For slower reactions where longer values of tR can
be used. this problem diminishes. In the case of the benzidine
rearrangement, further slowing of the reaction by lowering
the acid concentration results in loss of the pseudo-first-order
condition.

In comparing the double- and single-potential step methods.
the double-potential step technique is subject to the
above-mentioned uncertainty in tR, whereas the single-po­
tential step approach is insensitive to uncertainty in reaction
initiation time for a pseudo-first-order case. The double­
potential step technique requires a series of experiments at
varying tR values to obtain a kinetic plot. Kinetics infonnation
can be obtained from a single experiment by single-potential
step.

An advantage of the double-potential step approach in the
azobenzene system is the much larger optical change obtained
as compared to the single-potential step. In principle. no
optical signal due to the reaction itself is necessary for ap­
plication of the double-potential step technique if the species
from which the reactive species is electrogenerated has
measurable spectral properties. This feature could be useful
for some systems.

Adsorption Efrects. Adsorption of azobenzene and hy­
drazobenzene has been observed on mercury electrodes (l5,
17. 18). Such adsorption effects have been taken into con­
sideration in the measurement of rate constants by elec­
trochemical techniques. since the adsorbed material con­
tributes directly to the current- or charge-response signal.
However. the thin-layer spectroelectrochemicalapproach using
a minigrid optically transparent electrode would be sensitive
to adsorption effects only in an indirect fashion. Transparency
of minigrids is due to holes which are 100% transmittant.
Material which is adsorbed on the gold bars of the minigrid
is not optically observable due to the nontransparency of the
bars themselves. Only the small amount adsorbed on the inner
edges of the holes might be observable by light grazing this
surrace. Thus. any adsorbed hydrazobenzene that might be
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Flgur. 8. Doub~tentJal Slep absorbance-tlme curves at 325 nm.
PotentJal step from +0.000 to -0.600 to to.300 V vs. see. 1 mM
azobenzena, 0.100 FHCI, 0.150 FKCI, 44% ethanol. (1) tA = 50 s,
(2) tA = 100 s, (3) tA = 150 s, (4) tA = 200 s, and (5) tA = 300 s

indicates that good results can be obtained with rather small
optical changes. The precision of repetitive measurements
was within 10% for all of the runs.

The upper limit of rate constants obtainable by this method
is determined by the time required for quantitative generation
of reactive species in the thin solution layer. The electrolysis
time for the present study was found to be about 30 s. Kinetic
plots were severely curved in the region 0-30 s, so A-I data
at times greater than 30 s were used in the analysis. The
electrolysis time can be shortened by cell designs which
minimize jR drop or decrease the diffusional path length. The
magnitude of lower rate constants obtainable is ultimately
limited by the problem of edge effects (18) and convection.
The effect of edge-diffusion into the thin-layer cell is mini­
mized by focusing the optical beam in the center of the
minigrid region (4). The minigrids above and below the beam
then serve as a buffer zone between the volume being optically
monitored and the edges of the minigrid. OTTLEs in which
the minigrid covers the entire cell can be used to eliminate
the edge effect for extremely slow reactions (13).

Double-Potential Step Thin-Layer Chronoabsorptom­
etry, The double-potential step thin-layer spectroelectro­
chemical approach involves first the complete reduction of
azobenzene to hydrazobenzene by a potential step from 0.300
to -0.600 V vs. SeE. The potential is maintained at-o.600
V for a time interval, tR, during which the rearrangement
reaction proceeds. At the end of til, the remaining hydra­
zobenzene is electrolyzed back to azobenzene by returning the
potential to 0.300 V. The double-potential step experiments
were performed at a wavelength of 325 nm where the ab­
sorbance change is attributable only to azobenzene, eliminating
spectral interference from hydrazobenzene and reaction
products. Typical optical responses for varying lengths of
reaction time IR are shown in Figure 6. This double-potential
step technique is the optical analogue of the thin-layer po­
tential step approach with charge monitoring previously
described by Oglesby, Johnson, and Reilley (19).

A pseudo-first-order rate constant can be calculated from
the data in Figure 6 by Equation 2.

<lA,
In <lAb = hlR (2)

<lA" the change in absorbance accompanying the first po­
tential step, is 8 measure of the amount of hydrazobenzene
generated (i.e.• azobenzene electrolyzed). M b• the absorbance
change accompanying the second potential steP. is a measure
of the amount of hydralobenzene remaining after reaction
time tR. The reaction time, tR. was taken as the time interval
between the two intersections of the extrapolated dotted lines
for the forward and reverse potential steps as shown for curve
2.

A typical plot of In (Mr/ <lA,,) VS. t Ris shown in Figure 7.
The plot is linear as expected with the slope equal to the
pseudo-first-order rate constant h. Rate constanta obtained
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rearranging at a different rate than the solution species is not
directly observed optically in the single-potential step ex­
periment. Adsorption would affect the data only if the re­
arrangement products desorb into solution and spectrally
contribute. This is unimportant in the azobenzene esse, since
the products do not interfere spectrally at the wavelength
selected for monitoring.

In the double-potential step experiment, adsorption effects
would also be observable only indirectly if hydrazobenzene
and azobenzene adsorb differently at the two potentials in­
volved. The extent of adsorption of these species on gold
electrodes has not been reported. However, calculations
indicate that greater than monolayer coverages would be
necessary to affect the optical response by a measurable
amount.

CONCLUSIONS
Thin-layer spectroelectrochemistry is a viable technique for

measuring rate constants of reactions involving electrogen­
erated species when optical monitoring of the reaction is
possible. The time domain of the technique as implemented
in this paper restricts its applicability to slower reactions. As
such, it complements the much faster spectroelectrochemical
techniques involving semi-infmite diffusion conditions where
the time domain is ca. 10 I'S to 60 s (7). The thin-layer method
is relatively easy to implement: no solving or simulation of
diffusion equations is necessary and no background corrections
are required as in most electrochemical techniques where
current or charge is the monitored response.
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Metallized-Plastic Optically Transparent Electrodes

R. Cieslinski and N. R. Armslrong"

Department 01 Chemistry. University 01 Arizona, Tucson, Arizona 85721

Polyester sheets covered with thin IIIms of metal Of metal oxkle
can be used al optically transparent electrodes (MPOTE).
These new electrodes have low sheet reslstlvllies and high
transparency to visible wavelength Ilght-betler than most
optically Iransparent electrodes. The lIexlblilly 01 these
metallized polyester IIIms may laclillale their use In unusual
envlronmenla Of ceO geometries. Prelknlnary elecIroc:hemk:a1,
opllcal, and lUfface analytical data are presented IOf gold and
Indium/tin oxide MPOTEs. The gold MPOTE, when covered
wllh a thin antlrellectlon coating 01 tllanlum oxide, exhibited
unusual vollammetrlc behavior Indicative 01 a porous, seml­
passive electrode surface.

Films of metal or metal oxides of 1000-10000 A thickness
have been used as electrodes for several years (1-7). These
materials were first developed because of their optical
transparency to visible wavelength light, and the field of
spectroelectrochemistry was developed as a result of their
widespread use. Metal or metal oxide films can be formed

by evaporation, sputtering, or chemical vapor deposition of
the conductive material onto substrates such as glass or quartz,
or other metals, if optical transparency is not desired. Thin .
film electrodes also enjoy the advsntage of reproducible
surfsce properties (4, 7). Several electrodes can be made
simultaneously which will have identical surface chemical
composition and morphology. The use of thin film electrodes
has been restricted to cases where rigid substrates could be
employed and were difficult to fabricate into irregular or very
small electrode configurations. The expense and difficulty
of preparation of thin film electrodes with good optical and
surface properties has been a problem (2-4, 8).

Recently, polymer sheets, coverOO with thin rUms of metal
or metal oxide (metallized-plastic optically transparent
electrodes, MPOTE), have become commercially available (9).
Proprietary sputtering processes have resulted in the pro­
duction of some polyester-polymer sheets covered with less
than 1000 A of noble metals such as gold or metal oxides like
indium/tin oxide. The sheet resistivities of these materials
are exceptional for their thickness (down to 10 ll/sq. for the
gold films; down to 15-200 ll/sq. for the indium/tin oxide
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films), and their transparency to visible wavelength light
appears to be as good or better than previously reported for
most optically transparent electrodes (OTEs) (I-B). The
substrate material is very flexible with no apparent degra·
dation of electrode properties under mechanical deformation.
This fact may lead to a variety of experiments with OTEs in
unusual geometries which could not have been previously
attempted. The cost of these new materials is also quite low
in comparison with previous thin film electrodes ($1.50/ft'
vs. $6Q-100/ft').

We report here the first of a series of experiments designed
to exploit the unique properties of these new thin film
electrodes. Preliminary electrochemical, optical, and surface
analysis data are presented to demonstrate the utility of these
materials and to foster their further application. A meUll oxide
coating applied to certain of the gold MPOTEs to improve
tbeir optical transparency led to unusual electrochemical
behavior. Our preliminary characterizations of this new
metal/metal oxide electrode material are also detailed herein.

EXPERIMENTAL
The basic cell design used for electrochemical experiments has

been described previously (J). This design allows sandwich· like
positioning of the metallized plastic film electrode to 8 Tenon
body with 8 cell volume of approximately 10 mL. Geometric area
of the electrode was 0.5 cm2. A potcntioslat of conventional design
was used for all studies. Differential capacitance measurements
were made by modulating the electrode potential with 8 400 Hz,
10-20 mV sine wave and measuring the quadrature component
of the potentiostat response with n Princetun Applied Research,
126, lock-in amplifier (J, 7).

Metallized plastic optically transparent electrodes (MPOTE)
were obtained Crom Sierracin/Sylmar (Sylmar, Calif.) under trade
names lntrex·G (gold) and Intrex-K (indium·tin oxide,ITO) films.
The electrodes were thoroughly cleaned in un ultrasonic cleaner
using successive washings of detergent, ethanol, and distiUed water.

All aqueous solution:; were prepared from water which had been
distilled three times from alkaline KMnO... All buffers were
prepared from potassium hydrogen phthalate, polnssium di­
hydrogen phosphate. or sodium bicarbonate and either nitric acid
or sodium hydroxide. High purity, nonaqueous solvents were
obtained from Burdick and .Jackson laboratories (Muskegon.
Mich.) and were passed through activated alumina justl>rior to
use. In all nonaqueous studies. tetraethyl ammonium perchlorate
(TEAP) was used as the supporting electrolyte which had pre­
viously been recrystallized from ethanol and dried under vacuum.
Reagent grade ferrocene (Eastman I{odnk), bis(hydruxy·
methyl)ferrocene (Strem), and potassium ferricyanide (Mal­
linckrodt) were recrystallized twice from suitable solvents: methyl
viologen (1,I'·dimethyl-4,4'-bipyridium) (Aldrich) was used as
obtained.

XI'S spectra were obtained on a GCA-McPherson ESCA 36
spectrometer using a magnesium anode operating at 300 W of
power. Vacuum was maintained at ca. 10-8 Torr. Preliminary
XPS spectra were also obtained by A. W. C. Lin (Ohio Stale
University) on a Physical Electronics 548 ESCA/Auger Spec·
trometer. SEM analysis was carried out using an ETEC-Autoscan
instrument. Small amounts of carbon were vapor-deposited un
the electrodes prior to analysis to prevent image-charging efft'Cts.

RESULTS AND DISCUSSION
Gold MPOTEs. Two types of gold MPOTE were in­

vestigated. One available form had a thin (ca. 300 A) gold
coating over the polyester substrate (sheet resistance ca. 6
ll/sq.). Tbe second and more readily available form had an
additional titanium oxide coating over the gold film of ca. 1200
A thickness (10). The visible spectra of the gold and titanium
oxide-coated gold MPOTEs compared favorably with previous
electrodes (2). The gold MPOTE had an absorbance mini­
mum of A =0.30 at Ami. =550 nm. The addition of the
titanium oxide coating improves the optical transparency (A"",
= 0.20), but at the expense of certain electrochemical pa­
rameters discussed below. Preliminary XPS data indicated

t
Figwe 1. Cycic voltammograms of pH 5 aqueous buffer at (a) titanium
oxide-coaled gold MPOTE. (b) uncoated gold MPOTE. and (c) indium/tin
oxide MPOTE. scan rate. 20.4 mV/s. Geometric area of the electrode
was 0.5 cm2

that the titanium oxide coating was sufficiently thick and
uniform and that no gold signal was detectable (Au 4f lines);
that is, the coating thickness must be at least 30 A thick (7).
The binding energies of the O(ls) line and the Ti(2P3/,) line
indicated the surface to be composed chiefly of TiO,IO( Is)
- Ti(2p3/') = 71.5 ev (l ])1. The pure gold MPOTE showed
only the gold XPS transitions and small amounts of oxygen
and carbon which moy be present as contaminants or as
functionalities of the polyester substrate (J 2).

Scanning electron microscopy of the coated and uncoated
gold MpOTE showed a uniform film structure-better than
previously reported for most thin film electrodes (l). The
average surface defect size was less than O.l-~m diameter.

Figure 1 shows t.he vultammetric response of the gold
MPOTE and the gold/titanium oxide MPOTE. Both elec­
tnxles show the response predicted for gold in aqueous media;
gold oxide formation and reduction occurred near the expected
potentials. The hydrogen overvoltage of these gold films was
extended somewhat over hulk gold. but excursions of the
MPOTE potential into the hydrogen evolution region also
caused deterioration of the film. The films were otherwise
slable during successive cydes of the potentials of the MPOTE
over the rest of the usable voltage window. Similar results
were ohtained in pH 1,3,7,11.7, and 13 solutions, although
some film decomposition was noted in the more basic media.

We find it interesting that the presence of the titanium
oxide coating appears to have little effect on the gold surface
oxidation or reduction. The computed charge transferred
during gold oxide reduction was nearly the same on both types
of film. This observation would suggest a more porous ti­
tanium oxide film structure tha.n observed by surface analysis.
Differential capacitance studies of the uncoated and titanium
oxide-coated gold MpOTE confirmed this porous surface
structure (1,4, 7). Capacitance values at +0.8 to -0.4 V vs.
AgiAgCl were ca. 3-6 ~F/cm' for the uncoated gold MPOTE
and were two to ten times larger for the titanium oxide-coated
gold electrode depending upon solution pH. The most porous
electrode structure was observed in acidic solutions, pH : 1,
where some decomposition of the titanium oxide film was
noted (see below). The position of the capacitance minimum
was generally shifted to more cathodic potentials on the coated
vs. uncoated gold electrodes.

The faradaic electrochemical response of the uncoated VB.

the titanium oxide coated gold MPOTE electrodes was quite
different in both aqueous and nonaqueous media. Cyclic
voltammetry of 10-3 M ferricyanide solutions was carried out
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Figure 2. Cyclic vollammogram of 1 X 10.3 M ferrlcyanlde In pH 5
aqueous buffar at (a) uncoated gold MPOTE, (b) titanium oxide coated
gold MPOTE, and (c) Indium/lin oxide MPOTE. (Bener CV response
was observed for 8HM' a_lion and MY" reduction on !tis electrode.)
Scan rate. 50.6 mVIs

for both types of gold film. In pH 1 and pH 5 buffers, the
uncoated gold MPOTE showed normal electrochemical ac­
tivity (Figure 2). Scanning only from 0.850 to -0.450 V VB.

Ag/ Agel, the gold/titanium oxide MPOTE showed no de­
tectable faradaic activity for ferricyanide reduction (Figure
2b). In strong acid, pH = 1 solution, typical faradaic activity
for ferricyanide was restored for the coated electrode if the
MPOTE potential was scanned first into the gold oxide region
(E ~ 1.4 V). Films examined after such potential scans (with
or without ferricyanide present) were different in appearance,
had a lower surface resistivity than the titanium oxide-coated
mm and showed little titanium and significant amounts of
gold when examined by XPS. The electrochemical formation
of the gold oxide in strong acid media apparently solubilizes
the titanium oxide overcoating allowing for uninhibited
faradaic activity. In pH 5 buffers, no dissolution of the ti­
tanium oxide coating was observed even after repeated ox­
idation/reduction cycles of the gold. No faradaic activity of
ferricyanide developed as was observed in the more acidic
media.

The cyclic voltammetric oxidation of bis(hydroxy·
methy1)ferrocene (BHMF) and reduction of benzoquinone
(BQ) were likewise completely inhibited on the titanium oxide
coated gold electrode, unless the coating was electrochemically
removed.

The cyclic voltammetric reduction of methyl viologen
dication (MV" + e' .. MV'·) was attempted in pH 5 and pH
7 buffers on the coated gold electrode and the electrochemical
and spectroelectrochemical response compared with the
normal gold MPOTE. The cathodic peak potential for the
MV>+ reduction occurs within 200 mV of the onset of hydrogen
evolution on the normal gold electrode, but can nevertheless
yield reasonable cyclic voltammetric behavior for a reversible,
one-electron reduction. On the oxide coated MPOTE, a small
cyclic voltammetric wave for the MV" reduction was noted,
superimposed upon the hydrogen evolution wave. The total
peak current was ca. 10% of the value noted for the normal
gold MPOTE but visual and spectrophotometric observation
of the blue MV+· radical cation could be made after elec·
trolysis.

The results of the aqueous voltammetric experiments show
reasonable behavior for the uncoated gold electrodes, but
unique response for the coated gold electrodes. The titanium
oxide coating apparently allows solvent permeation to facilitate
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Flgu-e 3. Cycic \/OIlaITmogam of 8 X 10-' M ferrocene II 0.1 M lEAP,
propylene carbonate solutions on (e) uncoated gold, (b) titanium ox­
Ide<:oatad gold, and (c) _lin oxide t.f'OTEs. Scan rate, 20.4 mV/a

the gold oxide formation and reduction, but severely inhibits
faradaic activity of several electroactive species-possibly by
excluding them from the gold interfacial region and/or in­
hibiting electron transfer for all but the moat negative redox
couples (e.g., MV'+/MV'.) which have equilibrium potentials
approaching the flat-band potential of TiO,.

The voltammetric behavior of the gold and gold/titanium
oxide MPOTEs was also examined in several nonaqueous
solvents-acetonitrile, dimethyl sulfoxide, dimethylformamide,
and propylene carbonate. The stability of the rUms was quite
good in all of these solvents. Both the conductive and
nonconductive sides of the films could be exposed to the
solvents without apparent degrsdation or appreciable swelling.
The usable potential window for all solvents was 100-200 mV
greater for the MPOTEs than gold films on glass. The cyclic
vol tammetric behavior for ferrocene was examined on both
films in the above solvents-the results were similar in all
cases. On the uncoated gold MPOTE, normal cyclic volt­
ammetric behavior was observed (Figure 3a).

On the gold/titanium oxide MPOTE, quite unexpected
behavior was noted (Figure 3b). A5 the potential was scanned
anodically, an increase in current was observed at the ferrooene
oxidation potential; however, the current voltage curve reached
a plateau rather tban a peak. The height of this current
plateau was a factor of 1()-20 less than the peak current for
a gold electrode of the same geometric area. The magnitude
of this current plateau was independent of scan rate from 1
to 500 mV/s and seemed to be independent of convection rates
when the solution was stirred. If the potential was beld at
a point beyond the normal oxidation peak potential, little
decrease in current was noted as a function of time. Upon
scanning cathodically, no net negative current were observed
corresponding to reduction of the ferricenium cation. Similar
results were obtained for the reduction of MV'+ in DMF. A
current plateau was observed (ca. 10% of the normal current
density) near the normal reduction potential of MV'+ with
no reverse oxidation current seen in the cyclic voltammetric
scan.

In nonaqueous solvents, the titanium oxide coating ap­
parently inhibits both mass transfer and charge transfer in
an interesting fasbion. The oxidation wave for ferrocene
appears as might be expected if diffusion through a semi­
permeable layer were controlling the current flow rather than
diffusion through solution. The lack of reversible behavior
remains unexplained and is the subject of future experiments
(13).

Indium/Tin Oxide Films. Tbe indium/tin oxide (ITO)
MPOTEs were specified to be less than 50 om in thickness.
This is a factor of ten less than norrnallTO OTEs which leads



588 • ANALmeAL Cl£MISTRY, VOL 51, NO.4, APRIL 1979

to a considerable improvement in the optical properties of
these ftlms. Absorbance values of less lban 0.2 were observed
from 400 to 800 nm with no indicalion of the interference
fringes which plague thicker ITO or tin oxide film electrodes.
This observation, coupled wilh the good electrochemical
properties of these films, should lead lo new spectroelec·
trochemical applications of these eleclrodes.

Preliminary XPS date showed lhe predicted elementel
analysis for indium, tin, oxygen, and carbon. The indium to
tin relative alomic ralio was computed from the XPS in·
tensities (J, 11) and was found to be ca. N ln/ N Sn = 15.0.
Previous surface analyses of ITO thin film eleclrodes have
generally shown higher tin surface concentration, N ln / NSn =
3.10 (1).

Scanning electron microscopy of lhe ITO MPOTE showed
a similar surface structure to thal of lhe gold MPOTE. The
average surface defecl size was less lhan O.I-~m diameler;
significantly belter than previously reported electron mi·
croscopic date for such metel oxide electrodes (1).

Voltammetric scans of lhese ITO MPOTEs in pH 3,5,7,
and 10 buffers showed behavior similar to pre>iously published
experiments (Figure Ie) (1, 2). In the pH 10 buffer, the
electrode coating proved unsteble after one voltemmetric scan.
The coating appeared steble to successive scans in the other
solutions. Solutions of ferricyanide and bis(hydroxy·
melhyl)ferrocene (BHMF) and methyl viologen (MV'+), 10.3

M, were electrochemically active on the ITO MPOTE with
reasonable \'oltammetric response for certain electroactive
species. Cyclic voltammetric peak potenlial separations llEp

= 600 mV,llE" = 120 mV, and llE" = 260 mV were observed
for ferric'Yanide (Figure 2c) and BHMF oxidations, and (MY'+)
reduelion, respectively, at scan rates of 50.6 mVIs. The
nonaqueous electrochemical behovior for these films was
accepteble only for certain eleclroactive species. The oxidation
of 10-3 M solutions of ferrocene in propylene carbonate gave
peak potential separations of :lEp = 920 mV whereas BHMF
had a value of :lEp = 120 mY, at a potential scan rate of 20.4
mV/s (Figure 3c).

Differential capacitence dala obtained for the ITO films
gave linear I/C' vs. pOlential relalionships. A calculalion of
the apparent carrier density, no. was carried out from the
Mott-Schotkey (MS) relationship and was found to be nn =
1.7 x 10'" cm-3 in comparison with a value calculaled from
the XPS data, n. = 5.2 X 1020 cm-'. The nat·band potential
determined from the I/C' = 0 intercept of lhe MS plots
shifted ca. 60 mV/ pH as expected.

Spectroelectrochemical experiments with the ITO electrodes
were conducled using the one·electron reduction of melhyl
viologen (MV'+ + e' ~ MY+,). The cation radical formalion
was easily monitored at 604 nm P,~) in chronoabsorptometric
experiments-however linear absorbance \'S. t1/2 behavior was
observed only al short electrolysis times (I < 10 sJ. The
absorbance/time behavior at the wavelength maximum

reached a plateau at long electrolysis times (I > 60 B), in·
dicative of adsorption or depletion of the electroactive species.
We have observed this phenomenon in the voltammetric
response of other viologens which may lead to electrochromic
display applications of the MPOTE (13).

It is clear that the indium/tin oxide films behave nearly
as well as similar films of greater thickness. This property
may lead to new experiments where a thicker semiconductor
film would be optically or electronically undesirable (2).

CONCLUSIONS
The metallized plastic optically transparent electrode

represents an interesting new development in thin film
eleelrode technology. The low cost and excellent optical
properties of the MPOTE alone are unique. The ease of
manipulation of small and/or distorted electrode geometries
with the metallized polyester films may facilitate their use
in unusual environments. Thin-layer electrochemical cells,
with the electrode bonded to the inner wall of a narrow glass
tube, are easily manufactured (13). The electrodes ean be
inserted in any cavity to 0.003 inch with a width constrained
only by the skill of the experimenter in cutting the plastic
sheel. We are also exploring the possibility that chemieal
functionalities from the polyester substrate could be used for
covalent attachment sites for purposes of electrode chemical
modification (I3). The titenium oxide coating on the gold
MPOTE may also lend itself to sueh an application. Mul·
tilayered electrochemical solar cells are also a possible ap·
plication of these new metallized plaslic films (14).
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Determination of Nitrogen and Oxygen Functional Groups in
Coal-Derived Asphaltenes

Irving Schwager and Teh Fu Yen"

Chemical Engineering Department, University of Southern California, University Perl<, Los Angeles, California 90007

Coal-derlved asphaltenes and their derivatives, Isolated Irom
live demonstration coalilquelaelion processes (PAMCO SRC,
Catalytic Inc. SRC, HRI H-Coal, Synlholl, and FMC-COED)
were analyzed lor hydroxyl content by sllylatlon lollowed by
proton NMR analysis. Nonbaslc pyrroUc nitrogen content was
determined lor these asphaltenes by elemental analysis aller
they were separated by solvent elullon chromatography, and
treated lurther by methylation with methyl Iodide to remove
residual basic asphaltenes. Nonhydroxyllc ether oxygen, and
basic pyridine-like nitrogen content were calculated by dlf­
lerence Irom total oxygen and nitrogen obtained Irom ele­
mental analysis. ""rared absotbIlivIly values ware determined
Irom the OH and NH absorption bands 01 these asphaltenes,
and lound to give linear correlations with the weight per­
centages 01 OH, and pyrrollc nitrogen:

AbsorbtivitYoH = 0.066 ± 0.002 wt% OH (I)

(L/g-cm)

AbsorbtivitYNH = 0.052 ± 0.006 wt% pyrrolic nitrogen (2)
(L/g-cm)

Coal-derived asphaltenes, defined operationally as soluble
in benzene and insoluble in pentane. consist of highly
functionalized. highly aromatic. high molecular weight
components of the coal liquefaction products. All direct coal
liquefaction processes produce a coalliqud which contains
varying amounts of asphaltenes. Whether coal liquids are
ultimately to be used directly as a utility fuel, or upgraded
for use as a home heating oil, motor fuel, or chemicals
feedstock. it is important to know as much as possible about
the composition and character of the nitrogen- and oxy­
gen-containing asphaltene compounds present in the liquids
as they may be important in terms of air pollution. health
hazards. refining conditions and catalysts. and precursors of
useful chemicals.

The purpose of this work is to report such data for coal­
derived asphaltenes obtained from a wide range of coal Ii­
quefaction processes (1): PAMCO SRC. Catalytic Inc. SRC,
HRI H-Coal. Synthoil. and FMC-COED, and to determine
infrared absorptivity values for OH and NH groups in such
species which will simplify such calculations in future work.
Our method of determining the concentration of phenolic
groups in coal-derived aspbaltenes is sHylation followed by
proton NMR analysis (2). Our method of determining
nonbasic pyrrolic groups is chromatography of the coaI·derived
asphaltenes on silica gel (3). The benzene eluted fraction
affords little or no pyridine-like basic asphaltenes. In order
to completely remove any such basic asphaltenes, a second
procedure, methylation with methyl iodide, is carried out. The
isolated nonbasic asphaltenes from this step are then analyzed,
and the percentage nitrogen is assumed to be pyrrolic nitrogen.
This method is generally applicable except in the rare cases
where amide-type nitrogen may be present.

EXPERIMENTAL

Coal-derived asphaltenes were separated by solvent frac­
tionation (1) from coal liquids produced in five major demon­
stration liquefaction processes: Synthoil, HRI H-Coal. FMC­
COED. Catalytic Inc. SRC, and PAMCO SRC. The asphaltA!nes
were further separated by exhaustive solvent elution chroma­
tography on silica gel with benzene, diethyl ether, and tetra­
hydrofuran (3). Baker analyzed reagent grade silica gel (60-200
mesh) was used as obtained after initial work showed no significant
improvements in results could be obtained by thermally activating
the silica gel. Preliminary experiments were carried out with
analytical columns. at high adsorbent-to-sarnple rations. to select
combinations which afforded the desired separation and recovery
of the BSphaltenes. Preparati\."e scale operations were then carried
out with a large 50 X 500 mm column. The column was slurry
packed with 400 mL of silica gel in benzene. and topped with lay","
of 60-SO mesh nonpolar Fluoropak SO (The Fluorocarbon Co.,
Anaheim, Calif.) and sand. Accurately weighed samples (4-5 g)
of asphaltenes, dissolved in a minimum volume of benzene, were
carefully charged to the top of the column, and the columns
exhoustively eloted with benzene (~4L), diethylether (~2L). and
THF (~IL)_ Solvents were removed by rotary evaporations. and
powders were obtained directly. or by freeu-drying the samples
from benzene. The nonbasic benzene-eluted fractions and, in one
case,8 nonbasic fraction, obtained by Hel precipitation of basic
asphaltenes were further treated to remove any residual basic
compounds by methylation. Methylations were carried out in
benzene with a large excess (351 I) of methyl iodide. The reaction
solutions were refluxed for one week, and any benzene insoluble
product was removed by filtration. The benzene soluble products
were recovered by freeze drying the concentrated benzene s0­

lutions.
Trimethyl silyl ethers of asphaltenes were synthesized by

refluxing the asphaltene with excess 1,1.1.3.3.3·hexamethyl­
disilizane (HMOS). and catalytic amounts of trimethylchlorosiJane
and pyridine in either benzene or tetrahydrofuran (4). After
removal of liquids by rotary evaporation. the silyl derivatives were
freeze-dried to powders from benzene, and dried under vacuum
to constant weigbt. The number of trimethylsilyl groups in­
troduced was detA!rmined by proton NMR analysis (2) aftA!r the
silyl derivative was checked by infrared in dilute solution to ensure
completA! removal of hydroxyl groups. Under the conditions used
to silylatA! the asphaltenes, nitrogen-containing functional groups
in coal have been reported not to react to form derivatives (5).
We found no evidence for NH silylation by examining the NH
absorption band of the asphaltA!nes before and after silylation by
infrared spectroscopy.

Elemental analyses were carried out with standard procedures
by the ELEK Microanalytical Labs., Torrance. Calif.• and
HulTman Laboratories, Wheatridge, Colo. Molecular weights were
determined in our laboratory with a Mechrolab ModelJOIA Vapor
Pressure Osmometer. In normal runs, &-8 concentrations in the
range of 4-39 giL were employed in the solvents benzene or
tetrahydrofuran for extrapolation to infinite dilution (6).

Infrared spactra were obtained from dilute solution of deu­
terochlorofonn or carbon disulfide on a Beckman Acculab 6 IR
or as KBr disks. The solution spectra were obtained in either
sodium chloride cells, or in l-cm matched near-infrared silica cella.
The CDCI, spectra contaln. in addition to asphaltene OH and
NH bands. two water bands at 3690 and 3600 em-I from ad·
ventitious water contamination of the CDC,- and/or the as·
phaltene. Because the 3600 em-' H20 band appears at the same
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absorptivity. a

Table II. Infrared Absorptivity Values for Asphaltene
OH and NH Stretches

Table I. Assignment of JR Bands for Asphaltene Spectra
in CDCl, in the OH and NH Region

FIgure 1. PartialiR spectra of SynthoB asphanene and siyialed Synthoil
asphanene in the OH and NH region (CDCI,. 1-mm path)

WAVENUMBER (H-t

PERC (IO) report that this band was not completely removed
from the infrared spectrum of the TMS derivative of a
Synthoil acidlneutral asphaltene fraction although the free
phenolic OH stretching band at 3600 em-I was completely
removed on silylation. Tbey suggest, therefore, that this band
belongs to an independent species, and may be due to car­
boxylic acid structures. We, on the other hand, have observed
essentially complete loss of this band on silylation of many
asphaltenes (Figure I), which suggests that this band could
be from a species capable of being silylated. Others have
assigned this band to an intramolecular-associated phenolic
OH (and/or a weaker carboxylic acid OH) (I1).

Infrared spectra were run in dilute CDCl, solution down
to 0.3 giL where self-association between asphaltenes is not
significant (6). Plots of absorbance vs. concentrations were
generally linear below concentrations of 10 giL and could be
extrapolated to a value of near zero at infinite dilution.
However, some of the asphaltenes (FMC-COED, Catalytic Inc.
SRC) afforded deviations from linearity at concentrations
approaching 5 giL. Such deviations support the general
premise that asphaltene association via hydrogen bonding (6,
12-14) and concomitantloss of monomeric OH absorption are
related. The extrapolated slopes of the linear portion of such
plots were used to obtain absorptivity values (Table II).
These values for aOH afforded a good linear correlation with
weight percent OH, determined by the silylation method (aOH

water
water
free phenolic 01-1
associated phenolic OH or

OH independent of phenolic
OH

pyrrolic NH
other NH, possibly amines

and/or amides
H-bonded .acidic components

assignment

3690
3600
3600
3540

3470
3400

3400-3200 (oroad)

wave number, cm-'

RESULTS AND DISCUSSION
Assignments for the various peaks in the OH and NH

region, shown in Figure 1 and Table I, are well established
from earlier work on petroleum fractions (7, B) and coal·
derived asphaltenes (9) with the exception of a small 3540 em-I
band. The band at 3540 cm' l was assigned to a ,,-hydrogen
bonded phenolic OH for phenolic species in petroleum dis·
tillates (7), For Synthoil asphaltene, it was reported that
temperature studies indicate that the 3590 em-I and 3560 em-I
bands do not change relative to one another. This was taken
to mean that the second band was not from an intramolec·
u1arly ,,·bonded phenolic hydroxyl group (9). Workers at

OHSTR NHSTR
(3600 (3470
em"') em-I)

asphaltene (L/g'cm) (L/g'cm)

Synthoi! 0.15" 0.045b

Synthoil oenzene eluted 0.10 0.062
Synthoil ET,O eluted 0.26 0.023
Synthoi! THF eluted 0.06 0.026
HRI H'eoal 0.18 0.044
FMC·COED 0.39 0.024
PAMCO SRC 0.19 0.058
Catalytic Inc. SRC 0.22 0.037

iJ tl'ypicalleasl squares equation, Aon :::; 0.145 ! 0.003
Q:-cm/L + 0.037 .! 0.012; correlation coefficient, 0.999.
1) Typical least squares equation, A NH ::. 0.0454 1 0.0005
g·cm/L + 0.0047 , 0.0005; correlation coefficient, 0.999.

position as the asphaltene monomeric OH band, it was subtracted
from the asphaltene OH band. Since the absorbance ratio of the
3600 em·1 band to the 3690 em-I band is 0.32, this factor was used
to correct for H20 absorbance when quantitative measurements
were carried out.

Proton NMR Spectra were obtained on 8 Varian T-60
Spectrometer. The solvent used was 99.8% DeCI, with or without
1% TMS.

Table Ill. Synthoi! Asphaltene and Silica Gel Chromatography Fractions, Nitrogen and Oxygen Analyses

45
37
18

100

100

wt.%
fraction

1.02

(0)
1.85
2.34
0.81

basic'

0.82

1.24
0.45
0.52
0.93

pyrrolice
nitrogen, %

1.84

1.07
2.30
2.86
1.74

0.78
1.29
4.78
1.22

1.69

etherC

2.45

1.61
4.11
1.19
2.67

hydroxylb

oxygen, %

4.15

2.39
5.40
5.97
3.89

sample

benzene eluted
ET,O eluted
THF eluted
original

asphaltene
calculated

total asphaltcne

Q By difference from ultimate analysis, error 1 1.5%, estimated sum of all errors. b From NMR analysis of trimethylsilylat­
cd asphaltene TMS area, error 1 3%, as determined by replicate measurement. C Total oxygen - hydroxy] := ether. d From
ultimate analysis. e From IR absorbtivity NH stretch, error:i: 12%, as determined from least-squares standard deviation of
slope of correlation line. 'Total nitrogen - pyrrolic := basic.
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Table IV. Asphaltene Oxygen and Nitrogen Analyses

asphaltp.n(~ tolalO

oxygen, %

hydroxyb ether totald

nitrogen, %

pyrrolice' basic'

Synthoil 3.89 2.67 1.22 1.74 0.93 0.81
HRI H·coal 4.96 2.92 2.04 1.61 0.88 0.73
FMC·COED 7.11 5.88 1.23 1.70 0.47 (1.23)'
PAMCO SRC 4.67 2.96 1.71 1.57 1.16 0.41
Catalytic Inc. SRC 4.58 3.65 0.93 1.25 0.73 0.52

a By diffenmCf' from ultimate analysis, error ~ 1.5%, estimated sum of all errors. b From NMR analysis of Lrimethyl·
silylatnd asphaltene TMS area, error ~ 3%, as determined by replicate measurement. C Total oxygen - hydroxyl = ether.
d From ultimate analysis. (' From IR absorbtivity NH stretch, error:t 12%, as determined from least-squares standard
deviation of slope of correlation line. 'Total nitrogen - pyrrolic = basic. i This sample showed IR absorption at 3400
em -I which may belong to amide type NH, therefore, total nitrogen - pyrrolic;:: basic + amide nitrogen.

= 0.066 ± 0.0021 wt % OH - 0.012 ± 0.007, correlation
coefficient = 0.997), and a fair correlation between aNH and
weight percent pyrrolic nitrogen obtained form elemental
analysis of chromatographically separated or HCI·treated
asphaltenes which were also subjected to methylation to
remove remaining basic nitrogen (ONli = 0.052 ± 0.006 wt %
NH - 0.001 ± 0.006, correlation coefficient = 0.96). These
methods for determining phenolic oxygen and pyrrolic ni·
trogen are believed to be superior to methods which require
the use of low molecular weight model compounds. Snyder
(7, 15) has shown that molar absorptivity values show a
decrease with increasing molecular weight for carbazoles and
sulfoxides from petroleum. He attributes the decrease to
increased crowding of the infrared active groups by adjacent
alkyl groups within the same molecule as the extent of alkyl
substitution is increased.

These results may be used to calculate ether oxygen and
basic nitrogen by difference from total oxygen and nitrogen.
This method was applicable to all cases except. for the
FMC·COED asphaltene where IR absorptiun bands were
ubserved at 3400 cm-' and 1650 cm- 1 which may be assigned
to the NH and C=O stretches of the amide nitrogen (8). In
such cases, a correlation would have to be developed for
calculating separate amide and basic nitrogen concentrations.
The results for Synthoil asphaltene and its silica gel chro·
matography fractions are presented in Table 111. When the
values for the separated asphaltene are arithmetically
combined, the calculated total asphaltene values obtained are
in good agreement with the values obtained experimentally
for the original unseparated asphaltene. The results indicate
that the benzene·eluted fraction contains high proportions
ofOH and NH (OH/O""" = 0.67, NH/N""" "" I). The dieLhyl
ether-eluted fraction contains a large proportion of OH and
~ small fraction of NH (OH/O...., = 0.76, NH/N...., = 0.20).
The THF·eluted fraction cantains only small pruportiuns of
OH and NH ("" 0.20 each). The starting unseparated as·
phaltene contains a majority of both OH and NH (0.69 and
0.53, respectively). The presence of phenolic and pyrrolic
species in the basic fractions tends to support the idea that
asphaltenes are made up of amphuteric molecules containing
both acid/neutral and basic groups as well as acid/neutral,
and basic molecules.

The oxygen and nitrogen analyses for asphaltenes from five
demonstration processes are presented in Table IV. The

results show that the OH/O""" values range from 0.59 to 0.83,
and the pyrrolic NH/N...., values generally range from 0.53
to 0.74. The FMC·COED pyrrolic NH/H IotaI value could not
be determined accurately because of the presence of possible
amide type NH functional groups absorption at 3400 cm- I .

CONCLUSION
\Ve believe our infrared spectroscopic procedure for de­

termining nitrogen and oxygen functional groups in coal­
derived liquid products is simpler and more rapid than al­
ternate procedures based on nonaqueous titrations (16).
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Determination of Nitrogen in Atmospheric Aerosols by Proton
Activation Analysis

Mark Clemenson, TIhomlr Novakov, and Samuel S. Markowitz'

Department of Chemistry and Lawrence Berkeley Laboratory. University of California. Berkeley. ealifomia 94720

Nuclear reactions Induced by low-<lnergy protons are used to
detennlne total nitrogen In atmospheric aerosols. Radioactive
"c, a 20.4-mln positron emiller, Is dejected unambiguously
via Its 0.511-MeV annihilation radlallon following the "N(p,­
al"C reaction. The detection system consists of a Ge(ll)
OY-fay spectrometer that Is calibrated for Its absolute detection
efficiency with "Na standards. The method Is nondestructive
of the sample, pennlttlng the same sample to be studied by
other experiments such as electron spectroscopy for chemical
analysis. A comparison of nitrogen found by our proton
actlvallon method with that round by an Independent but
destructive combustion method gave an average percent
difference of 14 % for 17 samples analyzed over a concen­
tration range that spans two orders of magnitude. Using
realistic proton Intensities and oy-ray detection coefficients, we
estimate a nitrogen detection Imlt of approximately 0.1 I'glcm',
corresponding to 200 ppm In an aerosol sample of thickness
500l'g/cm'.

The recent discoveries of the important role of atmospheric
aerosols in the chemistry of the polluted urban environment
have led to intensified reseorch efforts to determine the origin
and nature of these porticles (J -5). This reseorch has already
shown that the majority of the mass of these particles is made
up of low-Z elements such as carbon, oxygen, nitrogen. and
sulfur (6, 7). The development of new methods that are
capable of the rapid and nondestructive determination of these
elements in atmospheric aerosols on n routing basis is an
important short-term goal. The work of Macias and co­
workers in this area is an important contribution (8). Their
method of light·element determination involves the "in-beam"
measurement of ')' rays from the inelastic scattering of protons.
The method, however, does require lengthy use of accelerator
time. This paper will describe a new method. both rapid and
nondestructive, for the determination of nitrogen in aerosol
porticles. This simple activation method is quite sensitive and
requires only a short amount of beam time (J min in most
cases) for each sample analysis. This method is also applicable
to the other low-Z elements mentioned and is presently in the
development stage for those elements.

The X-ray fluorescence method, an important tool in the
determination of heavy-element concentrations, is of little use
for low-Z elements because of large X·ray absorptive effects
and low fluorescence yields. Neutron activation analysis is
also limited by low reaction cross sections and the unsuitability
of the induced radioactivity for counting. There has been,
however, some interesting work done on the determination
of sulfur in environmental materials using neutron-capture
prompt 'Y·ray spectrometry in an elaborate setup at the Los
Alamos reactor by Jurney, Curtis, and Gladney (9). Com­
bustion analysis, of course, is a useful wol for the analysis of
m06tofthe important low-Z elements; however, it is not a very
sensitive technique. It is also destructive of the sample and
thus does not allow other analyses to be performed on the
same sample. These difficulties have led us to develop a new
method of determination of one of the low-Z elements, ni­
trogen, utilizing protons of sufficient energy to induce the

I4N(p.a)"C reaction. The radioactive decay of the 20.4-min
"C is followed via its O.5J1-MeV annihilation radiation. The
method offers a simple approach to the problem of nitrogen
analysis in atmospheric aerosols and is applicable to the
routine analysis of these particles for nitrogen.

The activation analysis method offers several advantages,
most of which are ideally suited to aerosol analysis: (a) high
sensitivity, (b) nondestructive analysis, and (c) need for only
a small amount of sample. A useful description of the
charged-particle analysis method, including the pertinent
equations, has been offered by Markowitz and Mahony (10);
the recent article by Lyon and Ross (11) reviews current
advances in the field.

EXPERIMENTAL

Targets. The targets used to determine the I4N(p.a)"C
excitation function were prepared by vacuum·evaporation of
melamine. C,N,l4, onw O.OOl-inch aluminum foils. The thickness
of the melornine ranged from 0.5 to 3.5 mg/cm'. The torgets were
2.2-cm diameter and the proton beam was collimated into a l.3-cm
diameter central spot.

Irradiation. Irradiations were performed at the Lawrence
Berkeley Laboratory 88-inch cyclotron. The initial energy of the
proton beam was 16.0 MeV. Aluminum foils were placed in front
of the sample foils to degrade the beam from the initial energy
to the desired energy for each irradiation. The range-energy tables
of Williamson, Boujot, and Picard were used to calculate the
required aluminum thickness (12). The length of bombardment
was 1 min and the average beam intensity was 1 jJ.A. The targets
were irradiated at different energies by the stacked-foil technique.
The total charge received from the Faraday cup was measured
by an integrating electrometer.

Counting. The irradiated sornples were analy>ed by detecting
the O.511·MeV positron annihilation radiation of He using a
high-resolution Ge(Li) detector coupled to a computer-controlled
4096-channel analyzer with a magnetic tape unit. The use of this
system allowed the collection of 'Y-ray information up to 2.0 MeV
with a resolution of 2.0 keY (full width at half maximum) at the
1.3325-MeV 'Y ray of "'Co. The information obtained using this
system permitted a more complete identification of the other
radionuclides produced during the irradiation and also protected
against -y-ray interferences which might not be detected with a
low-resolution system such as Nal spectrometry (6-7% resolution).
After the high-resolution system has demonstrated that there ore
no -y-ray interferences, a counting system consisting of 8 NaI
detector and 0 single-channel analyzer could be used.

The Ge(Li) detector used for this work was manufactured by
Ortec, Inc., and has an active volume of 60 cm3. The decay of
the 0.511-MeV 'Y-ray photopeak of an activated melornine target
is shown in Figure 1. The decay is a single component with a
20.4-min half-life corresponding to the decay of IIC in the target.
In the geometry [-3 em from the Ge(Li) crystal face] used to
count the samples, the O.SH-MeV overall detection coefficient
(ODC) was determined to be 1.86%. ODC 5 (c/m) in the
photopeak/(d/m) from the source. It was determined with a "Na
calibrated standard, obtained from the International Atomic
Energy Authority, Vienna. The decay curves were analyzed using
the CLSQ computer code (13).

RESULTS

Excitation Function. The absolute cross sections at
several energies were calculated for the 14N(p,a)IIC reaction
using the melamine torgets. The result is the excitation
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Figure 1. Decay curve of the 20-min lie annihilation radlatlon for a
melamine target

Figure 2. Exchatlon function for the 14N(p,a)l1e reaction

function shown in Figure 2. This excitation function agrees
with the "N(p,a)"C excitation function measured by Epherre
and Seide (14). The errors in precision are determined to be
about I % (standard deviation) for counting statistics and
decay-curve calculation of the end·of·bombardment counting
rate, Ao. The other uncertainties in the excitation function
include (a) determination of the integrated charge, (h) uni·
formity of the thickness of the targets, (c) determination of
the overall detection coefficient, and (d) possible gas losses
during irradiation. Any nuclear recoils of "C are caught in
the aluminum. The combined uncertainties lead to an es­
timated accuracy in the absolute excitation function of about
5%.

Interferences. Two types of interferences must be
considered in an activation analysis using y·ray spectroscopy.
The first type of interference is from the production of ac­
tivities of similar half-life and y-ray energy to the activity of
interest. This type of interference can usually be minimized
by use of high·resolution Ge(Li) detectors, but it does present
a potential problem in the experiment being described.
Because the y ray being counted is the 0.511-MeV positron
annihilation radiation, there will be contributions to this
photopeak from all other P+-emitting nuclides that may be
created in the bombardment. This type of interference,
however, has not been a serious problem because the desired
product, "C, is by far the dominant Ii'-emitting nuclide
produced and is easily resolved in the decay-curve analysis.

The second type of interference which must be considered
is the production of the radionuclide of interest from an
element other than the one under analysis. If the "C ra·
dionuclide is produoed from any element other than nitrogen,
the amount of "C produoed is not proportional to the amount
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Table I. Nuclear Reaction 'ThresboldJ for the Reaction
of Interest and the Principallnterferrinr Reactiona

Reaction threshold, MeV

14N(p.a)IIC 3.1
"B(p,n)"C 3.0
"C(p,pn)"C 20.3°
160(p,ad)lIC 25.1
19F(p,aan)"C 18.1

a The (p,d) threshold is 17.9 MeV.

of nitrogen in the sample and an error in the analysis will
result. It is important that all the possible interfering reactions
be identified and their significance be determined. The
possible interfering nuclear reactions of iroportance are Iiated
in Table I. The reaction of interest for the nitrogen analysis
is listed first. Of the four possible interfering reactions listed,
the last three are totally eliminated by selection of an irra·
diation energy below their reaction threshold. If the aerosol
irradiation is carried out below a proton energy of 15 MeV,
these reactions energetically cannot occur. Most notably, there
is no interference from carbon, which constitutes a large
fraction of the bulk aerosol. The only interfering reaction
which cannot be eliminated by a proper choice of the proton
energy is the IB(p,n)"C nuclear reaction. This reaction has
a threshold very siroilar to that of the reaction of interest.
Large concentrations of boron will interfere with the nitrogen
analysis. It has been shown, however (15), that boron con·
centrations are at least two orders of magnitude lower than
nitrogen concentrations in typical urban aerosols; therefore,
boron is not a significant interference.

Aerosol Sample Analyses. The silver-membrane filter
was found to be the best type of ftIter for the collection of the
ambient aerosol; it is only slightly activated during the proton
irradiation. This permits the most sensitive detection of the
y radiation from the activation of the aerosol itself. The silver
ftIter was only slightly activated because the irradiations were
carried out below the Coulomb barrier of 804 MeV for protons
on silver. Carbon- and oxygen-containing ftIters were found
to be unsuitable because of the production of large amounts
of 13N and l'F from the l'O(p,a)I3N, 13C(p,n)13N, and 1"0_
(p,n)I'F reactions. The production of 10.O-min 13N and
l09oS·min ISF in quartz and Nuclepore falters interferes with
the detection of the 20.4-min llC from the activation of the
nitrogen in the relatively small mass of aerosol deposited on
the filters.

The aerosol loading on the silver ftIters was approximately
500 I'¥,/cm' for a typical ftIter sample. T....o falter samples were
irradiated in a single stack at proton energies of 7.5 and 6.0
MeV. Aluminum foils were used to degrade the beam energy
to the desired level. Following the "relative" method of
activation analysis, we irradiated a melamine target, which
was used as the nitrogen standard, in the same stack with the
aerosol samples. The nitrogen standard was irradiated at a
proton energy of 9.2 MeV. The stack was typically irradiated
for I min at a beam intensity of I ~A. The de.:ay of the
0.511-MeV annihilation peak was then followed for 3 or 4 h.
A typical y·ray spectrum for an aerosol sample is shown in
Figure 3. Besides the O.51l-MeV annihilation peak, several
other y rays are present. All of these other 'Y rays are a result
of the activation of the silver membrane ftIter. A typical decay
curve for the integrated 0.511-MeV photopeak is shown in
Figure 4. There are four components present in the decay
curve: (a) a lO.O-min component due to I'N produced from
the 1"O(p,a)13N and 1"C(p,n)\'N nuclear reactions, (b) a
20A-min component from the "N(p,a)llC reaction, (c) a
109.S-min component due to I"F produoed by the l"O(p,n)I"F
reaction, and (d) a 6.f>-h component due to activation of the
silver falter itself to produce ""Cd by the 107Ag(p,n)l07Cd
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Ctunel nurrber

f9lr. 3. 'Y-<llY spectrum of an atmospheric aerosol sampla mounted
on 8 sUvar luter. The 511.JteV anntallatlon radiation and the "y rays
from the sIlvar filter ara identified. A Ge(U) datector was used

144
130
368

52
147
207
279
143
133

3.5
6.5

13
99
18
59
37
54

combustion

129
110
326

68
162
210
261
134
136

4.0
8.0

15
76
16
59
36
46

prolon
activation

AS·1
AS·2
AS·3
AS-4
AO·1
AO·2
AO-3
AO-4
AO·5
AA·1
AA-2
AA·3
AA·4
AA·5
AA-6
AA-7
AA-8

sample

a AS arc the laboratory·prepared ammonium sulfate
samples; AO, the laboratory·prepared ammonium oxalate
samples; and AA, the ambient aerosol samples.

Table II. Comparison of Methods for Nitrogen
Determination in Atmospheric Aerosol.Q

N found, ~glcm'
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must also consider the lowest amount of activity which can
be detected accurately with the given detection system. Using
this approach, we can calculate an estimated detection limit
for nitrogen. The irradiation conditions are a proton beam
intensity of 1 ~A and an irradiation time of 4 min; the proton
energy is 7.5 MeV, which is at the peak of the "N(p,a)"C
excitation function (. = 165 mb). The overall detection
coefficient for the 0.51l-MeV 'Y ray is approximately 2%. The
minimum amount of activity that could be counted is ap­
proximately 500 c/m of "c at the end of the bombardment.
This minimum Aovalue takes into account the contribution
of the other (j+ -emitting nuclides that are always present.
These conditions correspond to a nirogen detection limit of
approximateloy 0.1 ~g/cm', corresponding to 200 ppm in an
aerosol sample of thickness 500 I'glcm'. This detection limit
could be lowered by an increase in proton beam intensity or
a longer irradiation time. Considering the complexity of the
aerosol, however, we believe that this represents a reasonable
lower limit to the nitrogen sensitivity in 8 nondestructive
analysis.
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Flgu,.4. Decay of the 511-l<aV annihilation radiation Intensny with
time following proton Irradiation of an atmospheric aerosol sample.
Langth of bombardment = 1 min at a baam Intensny of 1 ~A

nuclear reaction. By far the dominant component in this
decay curve is the 2O.4-min component, "C, which results from
activation of the nitrogen in the aerosol. The amount of
nitrogen present was calculated by comparing the Aovalue
for the "C component in the aerosol to the Aovalue for the
"C component in the nitrogen standard. Several blank ftIters
were also analyzed for nitrogen and found to contain ap­
proximately 0.5 ~glcm'; this is normally a very small known
correction to the total nitrogen found.

Samples containing varying amounts of nitrogen were
nondestructively analyzed using the proton activation method.
The same samples were then analyzed for nitrogen using a
destructive combustion method. The results of these analyses
are summarized in Table II. The samples can be divided into
two groups. One group of samples was prepared in the
laboratory by depositing either ammonium sulfate, (NH.),sO.,
or ammonium oxalate, (NH,hC,O" on a silver-membrane
filter. These samples correspond to the first nine listed in
Table II. The second group of eight samples consists of
ambient aerosols collected in the San Francisco Bay Area
under widely varying atmospheric conditions.

DISCUSSION
Errors. The comparison of the nitrogen found by proton

activation analysis and that found by the independent
combustion method shows an average percent difference of
14% for the 17 samples analyzed. This difference is essentially
the same whether one compares only the laboratory-prepared
samples or the ambient samples. It should alao be noted that
the agreement between the two methods holds over a range
which spans two orders of magnitude in nitrogen concen­
tration,

Eatlmated Detection Limit. In order to eatimate the
sensitivity of the method, a set of irradiation conditions
approximating those normally used will be considered. One
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Continuum Source Atomic Fluorescence Detector for Liquid
Chromatography

Darryl D. Siemer, .1 Prabhakaran Koteel, Daniel T. Haworth,· William J. Taraszewskl, and Stephen R. Lawson

Department of Chemistry. MarqueNe University, Milwaukee. WISconsin 53233

A prelimInary study of Interlacing of a high pressure liquid
chromatography Instrument with a continuous source atomic
fluorescence detector Is reported. The chemical system
Investigated Is the acetylation reaction of ferrocene by acetic
anhydride, The retention data from the conventional UV
molecular absorplJon detector are In excellent agreement wKh
those obtained using the atomic fluorescence detector
monitoring the Iron fluorescence signal. The metal-contalnlng
compounds are more easlly quanlnated wKh the fJuor"scence
detector, both because Kdoes not respond to purely organic
Interlerants cn-elullng with the compounds of Interest and
because the Integrated response Is InsensllJve to the chemical
form of the compound.

High pressure liquid chromatography (HPLC) detectors
have been reviewed by several authors (I-7). Detectors hased
on refractive index, UV or visible light absorption, heat of
absorption, electrical conductivity. flame ionization and
molecular fluorescence are commercially available. Koen et
al. (8) have described a polarographic detector. Other de­
tectors described in the literature include light scattering (9),
m absorption (IO), vapor pressure (I I), and scintillation (12).

Metal specific detection methods such as atomic absorption
simplify the complex chromatograms obtained when other
compounds are run with mixtures of organometallic com­
pounds. Gonzales and Rose (13) and Longbottom (14) used
atomic absorption for the detection of mercury after separation
from alkylated mercuric compounds by gas chromatography.
Manahan and Jones (15) used atomic absorption as a detector
for HPLC, and Fernandez (16) reviewed atomic absorption
chromatography detectors for use in metal speciat.ion ap­
plications. VanLoon (17) was the first to report a line source
atomic fluorescence detector for HPLC.

Continuum source atomic fluorescence spectroscopy
(CSAFS) shows promise for use as a metal specific HPLC
detector. Flame atomization CSAFS possesses sub-part per
million sensitivity for many elements and is readily amenable
for multielement analysis by using either a rapid scanning
monochromator or a dedicated polychromator/multiple
photomultiplier system. Interfacing of a HPLC instrument
with a CSAFS detector system can be accomplished very

I Present address, Allied Chemical Corporation, CPP-602, 550 2nd
Street. Idaho Falls, Idaho 83401.

simply hy connecting the outlet of the chromatograph to the
nebulizer pick-up tube of the burner. Eimac xenon lamp
excited CSAFS does not require the operator to obtain dif­
ferent source lamps for each element as is the case with the
atomic absorption or lines source AFS detectors previously
described. This fact makes the CFAFS detector inberently
more flexible than line source based instruments. This paper
describes the use of a first generation CSAFS detector with
an HPLC instrument to follow the progress of a typical or­
ganometallic reaction.

This particular reaction (the acetylation of ferrocene giving
both acetylferrocene and diacetylferrocene) has been studied
by several workers (18-21) using other analytical techniques
to follow the relative concentrations of reactants and products
throughout the reaction. In Haworth and Liu's study (21) the
reaction was monitored by HPLC using a conventional flIed
wavelength (254 nm) UV absorption detector, and both the
chromatographic system and the sample preparation steps
used in that work were largely duplicated in this project.

EXPERIMENTAL
Equipment. A Tracor 995 isochratic pump with a Traoor 960

UV absorption detector (254 nm) equipped with an injection port
WBS used for the separation of ferrocene (Fe). acetylferrocene (Fc,)
and diacetylferrocene (Fe,).

The outlet of the UV detector from the HPLC instrument was
connected to the BSpirator of a homemade acetylene--air capillary
tube burner which was mounted on a Perkin-Elmer nebulizer
scavenged from a PE model 290 atomic absorption unit. Tbe
burner WBS construewd of 2O-gage stainless steel dispooable syringe
needles embedded in high U!mperature ceramic furnace cement
(Sauereisen) in a 1.2-cm i.d. thin wall (0.7 rom), aluminum tube,
This tube was centered in a 2.5·cm diameter copper tube, and
the gap between the concentric tubes was ruled with IS-gage
needles embedded in more cemenL A flow of argon could be
directed through the ouU!r row of tubes to sheath the flame from
the atmosphere. A Varian 300 W Eimac xenon continuum lamp
powered by a Varian PS 300-1 power supply served as the spectraJ
excitation source. A 2.5·cm diameter, 8-em focal length quartz
lens focused an image of the illuminated portion of the flame onto
the entrance slit of the monochromator. Conventional 90° optical
geometry was used. A light baffle made from a 2-incb copper
"cross T" plumbing fitting was used to keep stray-light to a
practical minimum (Figure 1). Holes (2-<:m diameter) weze drilled
at right angles to the plane of the fitting at the juncture of the
''T's'' to permit viewing of the signal. No attempt was made to
obtain multiple passes of the excitation source beam through the
flame through the use of a reflector on the side of the nam.
opposite of the lamp because of the potential of overbeating the
lamp. The monochromator used was an f 3.5, l00-mm ell Oriel
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a Flow rate (1.5 mL/min at300 psi (2 ml'a»), UV detec·
tor at 25-1 nm. b Fe line at 248.3 nm. Pulsed source,
lock-in at 1OO·m V scnsitivity. Cl Hl :air burner; standard
solution 12, 25, and 25 m~ of Fe, FC l and Fc l • respective­
ly.

Figure 2. UV detector chromatogram of a standard solution. Flow
rate of 1.50 mLlmin at 300 psi, UV detector. (1) Fc. (2) Fe,. (3) Fc,.
Standard solutions of 12 mg of Fc. 25 mg each of Fe, and Fc, in 25-<rL
CHCI3; 5 I-IL injected. Attentuatlon 16. Retention times 60, 70, and
105 s for Fc, Fc" and FC2' respectively

on the two detectors. Aliquots of the crude reuction mixture as
well as samples cleaned up by an extraction procedure (21) were
chromatographed.

The flame was "run'· slightly "rich" (about 150 mLJmin
acctylcne,3 Ljmin air, 1.50 mLjmin soh'cnt (diethyl ether» for
most of this work. This stoichiometry gives a slight brreen "feather"
O\'er the inner flame cones.

Fc/Fc l

1.77
2.36

Fc,/Fc:

1.18
1.41

Fc/Fe.

0.4
1.0

uv·
CSAFb

detection
method

Table I. Resolution Data

Jiu
o I~
SECONDS

RESULTS AND DISCUSSION

At Inw now rates (0.5 mLjmin), the separation of ferrocene,
l-acetylferrocene and l,l'-diacetylferrocene are accomplished
with good resolution using the UV detector. At higher flnw
rates (greater than 1.0 mLjmin) the ferrocene peak is ap­
parently not cleanly resolved and appears only as a shoulder
on the acetylferrocene peak.

At a flow rate of 0.5 mLjmin, although ferracene is resolved
from acetylferrocene, (as indicated by the UV absorption
detecwr), the peaks seen with the AFS delecwr are broad with
a poor signal~to-noiseratio. Increasing the solvent flow rate
increases the flux of iron to the burner and gives improved
sensitivity but poorer resolution. Table I gives a comparison
of resolution between UV and CSAFS chromatograms at
solvent now rates of 1.50 mLjmin, and the corresponding UC
and CSAFS chromatograms nre shown in Figures 2 and 3,
respectively. The tabulated figures are defined as 2( V, ­
V,)j(W, + W,) where V; = retention volume of the compounds
compared and W; = width of thc base of each peak in volume
units. The apparently better resolution of the AFS detector
is due only 00 the fact that the much greater ultraviolet molar
extinction coefficient of acetylferrocene as compared to
ferrocene exaggerates the difference in the size of the big peak
upon which the smaller one is situated in the UV detector
chromatograms.

Most of the noise in the CSAF spectrum is due to the
variation in molecular fluorescence background and "nicker"
noise originating in the flame. A concentric argon sheath
(about 12 Ljmin of gas passed through the outer ring of tubes
surrounding the inner burner tubes) did reduce this "noise"
somewhat but proved 00 be too expensive 00 implement in view
of the rather limited improvement it afforded. The iron line

Model 7249 equipped with a 2400 linesjmm grating. A varinhlc
width entrance slit and 8 fixed width exit slit giving a handpass
of approximately] nm was used for most of the work. The light
deU!ctor was an IP 28 photomultiplier tuoo powcred with a Fluke
regulated high voltage supply.

In an attempt to correct for the very considerable molecular
fluorescence error signals encountered from PO bands in the
vicinity of the iron resonance lines, some experiments were
performed using 8 wavelength modulation system instead of the
more conventional source lamp modulation AFS system. This
was implemented by vibrating (2,; Hz) a 9-cm focal length, 2.5-cm
diameter, quartz lens in front of the monochromator exit slit
within the monochromator with a miniature (6 V, 50 mrelay and
using the lock-in amplifier in "2[" modc. The lens was glued to
a 2-cm long strip of thin phosphor bronze which was itself spot
welded to the armature of the relay. In these experimcnts, the
xenon lamp was run at a dc current of 22 A. The PM tube was
run at -1000 V with equal ,-,ollage decrements between the
cathode, down the dynode string to ground. The photocurrent
was ronverted to a voltage and amplified with a homemade 3-stage,
tuned amplifier. and that signal was demodulated with a Model
9501 E ORTEC BrookdeaI lock-in amplifier. For the cOlwentional
AFS experiments, the xenon lamp was pulsed at about 50 Hz and
synchronized with the lock-in amplifier with a 5-V square wa\'e
signal generated by one half of a TTL dual nip-nop integrated
circuit chip (74107) which was itself fed by a lOO-Hz signal from
an astable multivibrator integrated circuit chip (Signetics 555),
used with appropriate Rand C values. The lamp current was
pulsed between 30 and 10 A. The UV and CSAFS deteetms wcre
each provided with separate strip chart recorders in order to read
responses simultaneously. A more complete description of the
optical, electronic. and mechanical components used in both the
conventional pulsed source and the wave length modulated
systems may be found in Lawson's thesis (22).

Reagents. Pure ferrocene, acetylferrocene. diacetylferrocene,
and dibenzoylferrocene were dissolved in either chloroform or
methanol. Potassium bexacyanoferrate(IIl) was dissolved in 80%
methanol-water. The organometallic chemicals were obtained
from the Aldrich Chemical Company.

Analytical Procedure. The acetylation offerrocene was done
with acetic anhydride in phosphoric acid at 70 ·C. Details of the
workup of the reaction mixture and of the extraction of the
ferrocene and its derivatives with chloroform are given elsewhere
(19-21). Five samples were obtained from the reaction nask at
various time intervals after initiation of the reaction. Two- to
eight-microliter aliquots of these samples were injected. The liquid
chromatograph was operated under the following conditions:
Chromasep S (50 cm X 201m) column packed with pellicular 10
I'm silica gel; now rate was varied from 0.5 to 2.0 mLjmin; 40;1
diethyl ether;methanol solvent mixture; 300 psi; 22 ·C; UV
absorption detector with wavelength fixed at 254 nm. The
polypropylene pick-up tuoo of the AFS burncr was connected to
the srnaJl bore stainless steel tube exiting from tbe UV detector
with vinyl electrical heat shrink tubing. The solvent now rates
and toW tubing volumes between the UV detector and the AFS
burner were sucb that there was a delay of about 5 s, dcpending
on solvent Oow rate, between the appearance of analytical peaks

Figure 1. Block diagram of instrument. (A) Xenon lamp power supply;
(B) Xe lamp housing; (C) quartz lens; (0) copper light shield; (Eltop
of btxner; (F) monochromator; (G) photomutlJplier; (H) PMT power
supply; (I) lock'" amp~foer; (J) recorder; (K) 5D-Hz square wave signal
generator; (L) HPLC Instrument; (M) exit tube from UV detector
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Figure 4. CSAF detector responses for various iron compiexes.
Wavelenglh scan without i1terlaOO9 wi1h H'LC. (1) llibenzoytferrocene.
(2; Fe. (3) K,Fe(CN)•. (4) Fe,. Four ppm standard solutions 01 (1-<1)
in methanol. run independently. Fe ines shown: (a) 252.2 nm, (b) 248.3
om. lock-in at 100 mV
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UV detector data for extracted Fe samplcso

Table II. Detector Data
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Figure 3. CSAF detector chromatogram of standard solution. Same
HPLC conditions as In Figure 2. Lock-In at 100 mY. Fe line at 248.3
om, pulsed Xe arc SOll'ce, Cliz:ai' burner: retention times 65. 75. and
110 s for Fe, Fe,. and Fez. respectively

sample weight pcrccnt.a~e
Fe./Fc:

110. Fe Fe, Fe, ratio

1 27.9 7D.5
2 16.0 77.7 6.3 12.3
3 91.7 8.3 11.4
4 88.9 11.1 8.0
5 83.8 16.2 5.2

CSAF detector data for extracted Fe samplesb

1 28.7 69.3
2 11.2 81.0 7.0 11.6
3 91.4 8.6 10.6
4 87.5 12.5 7.0
5 85.1 14.9 5.7

o,b See footnotes in Table 1.

normally used (248.3 nm) is situated on the shoulder of a
molecular (PO) fluorescence background band originating
from the phosphine present in the acetylene.

The quantitative data for the ferrocene acetylation reaction
as seen with the CSAFS detector are contained in Table II.
The agreement between UV detector data and CSAF data
obtained simultaneously generally seems to be good. However,
quantitation of the acetylferrocene peak with the UV detector
is difficult because acetic anhydride co·eluted with it. Acetic
anhydride has a similar retention time (70 s at a solvent flow
rate of 1.50 mL/min) to that of acetylferrocene and has a
non-zero molar extinction coefficient.

The peak areas obtained with the UV detector must be
related to eluent concentrations with empirically determined
calibration factors which correct for the different molar
extinction coefficients of each compound at the specific
wavelength used. Haworth and Liu (21) described how these
response factors for the various compounds investigated in
this study were obtained. From the corrected UV detector
peak areas, weight percentages were calculated, and the ratio
of acetylferrocene to diacetylferrocene in the reaction mixture
at a given time is gathered in Table II.

With the CSAFS detector, the peak areas obtained cor­
respond to the iron content only. The integrated peak area
is a measure of the number of moles of each iron·containing

compound eluted with an uncertainty only of how many iron
atoms are associated with each molecule of the compouod-a
small whole number. Proportionality of peak heighta to the
concentration of each compound was established in this project
by running standard solutions of each compound both sep­
arately and in mixtures. A typical AFS detector response for
a standard solution is shown in Figure 3. The molecular
fluorescence interference of phosphorus can be considerably
reduced by passing the acetylene through a fJ.1ter before
burning it. This was accomplished by passing the acetylene
through a series of absorption tubes which contained mixtures
of mercury(I1) chloride, iron(IIl} chloride, manganese oxide,
and diatomaceous earth using a recipe found in Mavrodineanu
and Boiteaux's classic text (23). The phosphine in the
acetylene is converted to phosphoric acid which is in tum
absorbed by the diatomaceous earth. The wavelength
modulation system briefly discussed in the Experimental
portion of this paper did not give as good detection Jimita for
iron as did the source modulated CSAFS system (when used
with purified acetylene) and was dropped from further
consideration for the application. Because ether (a "fuel")
was used as one of the mobile phase solventa, the proportion
of total fuel to oxidant in the flame would have varied if
solvent programming had been used. This perturbs the flame
chemistry and changes the response of the detector somewhat
wa given flux of iron. This loss of an imPOrtant experimental
variable may prove to be a serious weakness of flame
atomization atomic spectrometric HPLC detectors in general.

In order to verify the expected insensitivity of the detector
to changes in the chemical environment of the iron, solutions
of ferrocene. acetylferrocene, dibenzoylferrocene, and p0­

tassium hexacyanoferrateUII} in methanol were aspirated into
the burner and the CSAF response was measured. Each
solution contained 4 ppm of iron. The monochromator was
scanned over a wavelength interval containing two iron lines.
The response as shown in Figure 4. corresponds to the iron
content only. These iron lines are 248.3- and 252.2-nm
resonance lines.

The extraction procedure used in some cases to separate
the ferrocenes from the bulk of the reactant mixture (21) is
fairly tedious and not easily made quantitative. Excessively
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Table III. CSAF nata for Crude Mixture

sample
weight percentage Fe,/Fe,

no.a Fe Fe, Fe, ratio

1 21.3 78.7
2 9.8 83.0 7.2 11.5
3 84.1 15.9 5.3
4 75.5 24.5 3.1
5 71.4 28.6 2.5
6 61.2 38.8 1.6
7 57.8 '12.3 1.4
8 57.2 42.8 1.3

Q Samples 1 to 7 taken at I5-min intervals. Sample 8
taken after 24 h. Conditions same as civen in Table I for
CSAF.

large amounts of sodium bicarbonate have to be used to
neutralize the reaction mixture. The final resulting aqueous
solution is almost saturated with sodium salts. Any organic
compound (for example, acetic anhydride) extracted by the
ether which is less volatile than ether can lead to a complicated
chromatogram with the UV absorption detector. If the re­
tention times of these compounds are similar to those of the
products being monitored. the question ari!'es whether a
particular peak is due to 8 derivative of ferroccne or due to
all interferent. Identification and quantitation con become
difficult in many cases without the use of a metal specific
detector.

To investigate the specificity of the CSAFS detector, the
acetylation reaction was run with excess acetic anhydride in
phosphoric acid, and samples were drawn at l5-min intervals
and injected into the instrument without ony prior separation
or chemical treatment. The results of this experiment are
shown in Table III. Great difficulty was encountered in the
removal of the excess reactants (phosphoric acid and to a lesser
extent acetic anhydride), and routine injection of the raw
reaction mixtures into an HPLC system not incorporating a
clean-up pre·column is not recommended for routine work.
Both the UV detector responses and those of the AFS detector
seen for this experiment are shown in Figure 5. Acetic
anhydride enhances the acetylferrocene peak seen with the
conventional UV detector giv:ng rise to a false apparent
composition. As the reaction progresses, more and more acetic
acid is produced giving rise to another peak (peak D in the
UV detector response plots) appearing as a shoulder on the
acetylferrocene peak. Other smaller peaks arc seen at lower
now rates with the UV detector. The corresponding CSAFS
response shows only peaks from the ferrocenes and, as ex­
pected, the acetic anhydride, the acetic acid, and other purely
organic compounds in the reaction mixture did not give any
response. The progress of the reaction can be more con­
veniently followed and quantitated with that detector. In our
work, we did not observe the presence of any iron-containing
products other than acetylferrocene and diacetylferrocene.
The reactant, ferrocene, disappears in the reaction mixture
after 30 min at 70 ·C. First there is a gradual increase of
acetylferrocene compared to ferrocene. As the acetylation
reaction proceeds the diacetylferrocene/acetylferrocene ratio
increases until an equilibrium is reached. After 24 h, no
appreciable change in the ratio was observed (Sample 8 in
Table III),

Advantages of using the continuum source AFS detector
may include any or all of the following depending upon the
application: considerable reduction of the analysis time by
reducing the amount of sample "clean-up" required (a pre­
column is recommended, especially, for "raw" samples);
positive identification of the compounds of interest in the
presence of purely organic interferents; good sensitivity; and
easily implemented applicability to the determination of other
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Figure 5. UV-CSAF detector responses for crude mixture. 1-6:
Sample numbers. (A) Fe. (8) Fe,. (C) Fe,. (0) Acetic acid. HPLC
conditions as in Figure 2. 2-8 pL injected. Interfaced CSAF: Fe line
(248.3 nm), pulsed Xe arc source. lock-ln at 1 mV for sample 1 and
2 and 100 mV for 3-6

metal atom-containing compounds by simply changing the
monochromator wavelength setting. In comparison to Hne
source (for example, pulsed EDL or laser) excited AFS, the
continuum source based detector suffers in that it is not as
specific (that is to say, with line source itself, not the
monochromator, largely determines the resolution and
consequently the specificity), and in that molecular
fluorescence and scattering error signals are much larger
relative to the useful atomic fluorescence signal. However,
bright line sources suitable for AFS arc often quite expensive
and/or difficult to obtain and to operate reliably, and,
generally, as is the case with conventional AAS, a separate
source is required for every element studied.

CONCLUSIONS
The use of HPLC separation with CSAFS detection offers

a powerful tool for solving problems in inorganic and or­
ganometallic chemistry. Possible applications include the
monitoring of inorganic chemical reactions involving both
transition and nontransition metal; the monitoring of typical
organic reactions with organometallic catalysts or reagents to
get a better insight of the reaction mechanisms; speciation
of environmental metal-bearing pollutants; and metal
speciation of complex products of coal (for example, artificial
crude oil). Another interesting application of the detector is
that it is possible to obtain molecular weights of metal­
containing molecules. The only requirement is that a known
mass of the compound be injected and that the detector's
integrated peak response as a function of the amount of that
same metal be known. Of course, the "molecular weight" so
obtained is really a measure of the mass of compound per mole
of metal in the compound and is subject to an uncertainty of
how many metal atoms are in each molecule. Some of the
more nexible of the molecular nuorescence detection systems
commercially available have optical and electronic capabilities
superior to those of the equipment used in this work and could



be readily modified (by substituting a ne!>ulizer-burner as­
sem!>ly for the cuvette) to permit element specific detection.
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Microprocessor-Controlled Digital Integrator for Nuclear Magnetic Resonance
Measurements

F. Morley, I. K. O'Neill,' M, A. Prlnguer! and P. B. Stockwell"

Laboratory of the Government Chemist. Cornwafl House. Stamford St.. London SE 9NO. United Kingdom

Continuous wave nuclear magnetic resonance (NMR)
spectroscopic observation of IH nuclei (1) is an inherently
quantitative phenomenon that has !>een used for the analysis
of pharmaceuticals (2), polymers (3), and many other ma­
terials. Commercial NMR spectrometers, however, are de·
signed primarily for qualitat.ive measurements. Many im­
provements in sensitivity and resolution havc been incur·
porated into instruments in recent years but there have been
no significant advances in integration techniques. Experience
of quantitative IH NMR analyses (4, 5) at the Laboratory of
the Government Chemist indicated that significant effort
could be saved through automation of the spectrometer in­
tegration functions. Commercially available gas chromato­
graphic integrators were unsuitable because data output from
the scanning of sequential NMR peaks was too rapid.
Subsequently, a di~ital integrator was constructed (6. 7).
primarily to handle NMR data. This paper describes an
evaluation of an automatic system for quantitative mea·
surements, using a microprocessor to effcct the various control
and data processing steps. A similar system has !>een con­
structed (8) for the determination of fluorine by interfacing
a commercial computer to 8 NMR spectrometer. This is
restricted !>ecause it will accept only Gaussian peaks free of
ringing.

EXPERIMENTAL

A JEOL C60-HL spectrometer was coupled to the micro­
processor controlled integration system shown in Figure 1. A
National Semiconductor IMP 16·C microprocessor controls all

I Presently on secondment to RTZ Services Ltd, York House, Bond
Street, Bristol BSI 3PE, United Kingdom.

2 Present address, Life Science Hesearch, Stock, Essex CH4 9PE.
United Kingdom.

aspect.!' of the integration prtx,.'edurc and performs all the necessary
data processing functions. The system which will be described
in detail elsewhere (9) is a plu({-in retrofit module which does not
de~rade spectrometer performance.

Integrotion. For integration purposes. the NMR spectrum
is dhidcd into discrete zonps; a maximum of six zones can be used.
Each zone is positioned so that the beginning and end of each
zone can bc positioned anyv.·here within the spectrum but must
not overlap another zone. The sixth zone is used to specify a
reference peak for quantitative measurements and can be pos­
itiuned anywhere within the spectrum and not necessarily se­
quentially with the other zones. As 8 spectrum is scanned, the
position of the zones is detected by a wiper mounted on the pen
carriage and a linear transducer mounted along the top edge of
the recorder chart. The NMR signal is amplified, fed to a
\·oltage·to·frequency converter, and the output pulses are gated
within the integration zone to a five-decade counter. This displays
a digital value representinp; the area of the peak or multiplet of
peaks within n zone and is reset to zero between each zone.

Spectrometer Control. The spectrometer parameters are
optimized manually. A spectrum of the sample is recorded and
the various zone positions and the number of zones to be ac­
cumulated are entered using the thumb wheel switches, on the
intcgrator front punel. Automatic control is initiated through
8 tcletype command. The various data input is also entered at
this time; namely, thc values of the proton equivalent weight of
the unalyte under test and the weight of the standard used for
reference. The microprocessor sets in motion the pen carriage
of the recorder (which is linked to the spectrometer field sweep)
and at the end of each traverse returns it for a further scan, Wltil
the total number of scans reaches a preset level. Ln addition, the
microprocessor causes 8 dot to be marked on the chart at the start
and end of each integration zone.

Dala Processing. As each zone is integrated, the integral value
is passed to the computer memory store where a running average
is maintained of each zone integration value. Then the proton
equivalent weights (p.e.w.) for each zone and the averaged in-

0003-2700/79/0351"0579$01.00/0 © 1979 American Chemical Society
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Flgur. 1. layout of spectrometer control system

Table I. Comparison of Digital and Capacitance
Integration of Ethylbcnzcnc

calculated number of protons
(from average integral of

lOscans)a

CII, CH,

1.84 2.82

digital integration

Zone Zone
I 2

III II,

, z~ne

I

'I'

J ~'---------------'II~\JI~~
2.97

C.H.

capacitance integration 5 (97.1 mm)
s ~ 2.02%
5 (2988 counts) 1.92
s ~ 0.57%

theoretical value 5

a Scan ratc = 22 Hz 5"1. s =standard deviation.

% w/wPMS

F9o'e 2, Spectnrn of e!hytlenzene showi1g zones for <ijtal megalion

6 4

PPM

Table II. Assay of a Commercial Formulation
Containing Polymethylsiloxane

0.446
0.523
0.477
0.449
0.540

0.49
0.043

0.457
0.460
0.542
0.529
0.498

0.50
0.039

capacitance digital
integration integration

mean value
std. dev.

herently less stable than the digital integrator because of
leakage, minor environmental changes. and variable drift, all
of which must be corrected manually before each set of in­
tegrations.

The digital integrator is designed to accumulate positive
signals above a preset threshold value; thus positive peaks
associated with the ringing characteristics of many NMR
peaks will also be integrated. The net effect of this is that
the digital integrator will give a higher relative integral value
for peaks with ringing than a capacitance integrator which
averages the positive and negative peaks of the ringing. This
is readily overcome either hy a slight degradation of the
resolution to minimize ringing or by setting the end of an
integration zone to a precise position, thus avoiding the in­
clusion of the ringing within the zone. The latter procedure
was used in this evaluation. The spectrometer 8can rate did
not significantly affect the accuracy of the integral value with
the exception of the normal spectroscopic constraint of

tegrated areas for sample and standard peaks are used in cal­
culations according to the equation:

wi stnndard
% wt sample = wt sample X

p.e.w.sample X I(sample) X 100

p.e.w. standard X /(standard)

(The p.e.\\'. of a substance is the molecular weight of the molecule
or polymer unit divided by the number of protons responsible
for the absorption of inwrest; this flgUfe is enwred on thumb-wheel
switches mounted on the control panel). Results are printed on
the teletype and may be expressed either as the quantity of the
material present in the sample or as a relative purity.

Samples, Samples of 10% wlv ethylbenzene in deutero·
chloroform were examined using the aromatic peak as a reference.
Also, with a known composition samples of polydimethylisiloxane
(PMS) in a pharmaceutical preparation (5) were examined. This
preparation, a suspension, contains according to its manufacturers
0.5% PMS, 4% wlw aluminum hydroxide and 4% wi\\' mag·
nesium hydroxide in a spearmint flavored medium. \Veighed
amoun'" of the preparation and hexamethylbenzene (99.90% pme
obtained from the High Purity Organic Standard range of the
National Physical Laboralory, Teddinglon) were dissolved with
shaking in deuterochloroform in 5·mm o.d. NMR tubes. The
spectra were integrated at a sweep rate of 22 Hz S-1 using a total
of 10 scans for signal averaging.

RESULTS AND DISCUSSIONS
The integration characteristics of the digital integrator and

the original spectrometer capacitance integrator are compared
in Tables I and II. Ethylbenzene (Figure 2), which has a
proton ratio of 5:2:3 for aromatic, methylene and methyl
protons is uaed for this experiment because it is widely
employed as a atandard to evaluate NMR spectrometer and
integrator performance. These results show that the digital
integrator gives somewhat better integral ratios and relative
standard deviationa than the capacitance integrator, The
capacitance integrator has disadvantages in that it is in-
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Figure 3. Spectrum of commercial preparation 01 poIymethylsiloxane

saturation which occurs at the slowest scan rates.
The microprocessor-controlled integrator performance was

further demonstrated by the determination of the PMS
content of a commercial pharmaceutical preparation (Figure
3). The results shown in Table 11 compare favorably with
those previously obtained using the capacitance integration
technique. The automated control system has the advantage
that, once the initial spectrum is obtained and the control
parameters are set, the operator initiates the microprocessor
to control the marking of integration zones, measuring and
averaging integrals, performs the calculations, and prints out
the results. The operator is then released for other work.

A dot is marked automatically on the chart paper at the
start and end of each integration zone and acts as a safety
check if the spectrometer field-frequency lock stabilization
fails to prevent. excessive drift during unattended operation;
a movement of a peak through a zone boundary will be in-
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dicated by a vertical displacement of successive dots_ The
operator is assured of the validity of the results obtained
during unattended operation, especially when the spectrometer
is used under external field-frequency lock which is most often
the case with low cost NMR 6pectrometenl whicb are most
susceptible to field drift.

The advantages of speed, accuracy, and automation rec­
ommend this system, especially in the application of routine
repetitive quality control. The system could be used as an
accessory to almost any continuous-wave NMR spectrometer
with a few minor modifications. Many of these spectrometers
are functioning routinely, although they have been superseded
qualitatively by more advanced NMR instrumentation.
Addition of a microprocessor-controlled integration accessory
to these spectrometenl would enable them to perform a routine
quality control task. This would be less expensive than tbe
additional capital expenditure on more modern instrumen­
tation and would extend the full working life of the existing
instrumentation.
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Graphite Plate Sample Holders for X-Ray Photoelectron Spectroscopy

David M. Aylmer, Hosseln Razzavl, and James C. Carver' l

Department 01 Chemistry. Texes A&M University. Co/lege SIBtion, Texas 77843

During the past decade, numerous methods for examining
nonvolatile powders have heen tried for use in X-ray pho­
toelectron spectroscopy (XPS or ESCA). The most widely
used techniques include simply sprinkling the powder on
double sided sticky tape, imbedding the sample in indium foil
(1), and pressing the sample into a pellet. We have developed
another method which seems to offer certain advantages over
those methods available because (l) only 1 mg or less of the
sample is required, and (2) the sample holder and all transfer
devices lead to virtually no contamination, except for the
holder material. This technique makes use of graphite
planchets cut or machined to precisely fit one's spectrometer.
We have a Hewlett-Packard 5950A ESCA, and our sample
holders were prepared by cutting a graphite rod into 1.0 X

1.2 em rectangles, 1 mm thick. The graphite used was
electrolytic grade, obtained from Wale Apparatus Co., Hel­
lertown, Pa. Since these holders cost only about ten cents
apiece, they are normally discarded after use, although reuse
is certainly possible.

The graphite planchets are first soaked in 50% nitric acid

1Present address; EXXON Research and Development labora­
tories, P.O. Box 2226, Baton Rouge, La. 70821.

for about 20 min. After thorough rinsing in deionized water,
the graphite is heated to red hot in a Bunsen burner name_
Upon cooling, the holder is ready to be loaded. The cleaning
process removes all metals (nitric acid), and all organics, and
most of the oxygen (heating). The powder sample is loaded
onto the graphite plate by means of two freshly prepared glass
spatulas. These devices are made by sealing the ends of two
pieces of 3-mm glass tuhing in a llame immediately before use.
If care is taken that the freshly prepared gl8S9 surfaces and
the graphite surface do not come into contact with possible
contaminants, including dust from the air, transfer of a sample
can be accomplished with almoot no detectable contamination.
The two freshly prepared glass rods are used to abrade the
sample onto the graphite plate. Extremely small (submil­
ligram) samples, when compared to the other techniques, can
be easily examined. Also, samples can be easily loaded onto
these cleaned graphite planchets in an inert atmoopbere, such
as in a glove box directly attached to the spectrometer.

It is often very difficult to obtain reliable intensity and peak
positions for oxygen from powdered samples by ESCA. By
using this technique, very little oxygen contamination ia
observed on the blank holder, and the intensity data for
oxygen-containing compounds agree well with what is expected

0003-270017910351-0581$01.00/0 <C 19T9 American <:Ilemcal Soclety
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Table I. Comparative Intensities and Binding Encrgie& for Powdered Ni Compounds on Different Sample Holderso

holder

graphite tape in foil

compound intensity BE intensity BE intensity BE

NiO
855.0 855.6Ni2Pll~ 45 855.0 100 63

° Is 10 530.2 23 529.9 12 530.0
O/Ni 1.10 1.15 0.95

NiS
Ni2ps/, 60 857.7 35 857.9 12 857.1
S 2p 9 162.3 3 162.1 2 161.7

6 163.4
'17 169.2 12 169.5 6 168.1

S/Ni 0.93 0.72 1.09
NiSO..x(H,O)

858.2 20 858.8 19 857.1Ni2p)/ 28
° Is 40 532.1 31 532.7 28 531.5
S 2p 14 169.5 15 169.4 12 168.9
O/Ni 7.14 11.11 7.14
S/Ni 0.87 0.77 0.91

Ni(NO,l,.xH,O
856.4 20 856.8 38 856.7Ni2PSI'1 8.5

° ls 10 532.3 20 531.9 43 532.4
N 1s 11 406.2 37 406.6 40 406.6
O/Ni 5.87 4.99 5.69
N/Ni 1.10 1.36 0.85

o Intensities are given in thousands of counts and binding energies in electron volLs. Experimental ratios are corrected
for counting times and pholoionizalion cross sections (2). The relative error in the absolute intensities is about ± 10%.

0"

A. ,.
I

000 "'"BEI.v)

Figure 1. Wtde scan of a graphite plate which contains 250 I-tL of a
nitric acid solution which is 500 ppm in Cr, 375 ppm in K, and 500 ppm
In As

expected, probably because of the loss uf water due tu the
effects of the X-ray and the vacuum. If the intensities are
used to predict stoichiometry, it appears that no waters of
hydration remain on lbe nitrate compound but that lbe sulfate
still retains about 2 waters of hydration. The binding energies
were referenced to the carbon Is peak from the sample using
a value of 285.0 eV (3). The intensity ratios found for NiO
seem to center about 1, which is predicted from stoichiometry,
The experimental ratios, however, may be in error since the
photoionization cross sections are taken from calculations.
The small variations in ratios observed between holders is not
unexpected because of uncertainty in absolute intensities.

One recent advancement in XPS has been its use in trace
analysis. Analysis of microliter quantities of ppm solutions
has been accomplished by observing the residue of such
solutions on specially treated AI (4) and calcite plates (5). The
graphite plates were also examined for use in traee analysis
of solutions using XPS. Graphite might be a better choiee
for such an analysis because it has fewer interfering peaks,
Since graphite can absorb a liquid, rapid evaporation of lbe

from the stoichiometry. Further, the carbon Is peak from the
graphite itself can be used 85 a convenient calibrant. for
binding energies. Obviously, if one is interested in the carbon
signal from a sample containing unoxidized carbon, he will
have great difficulty in distinguishing the sample signal from
that of the graphite. However, it would be possible to look
at carbon bound to electronegative species.

For comparative purposes, several samples have been
examined by XPS by loading each sample (I) on graphite, (2)
on double sided sticky tape, and (3) imbedded in indium foil.
Most of the samples examined were not easily pressed into
pellets. The results of the comparison are shown in Table J.
Each value is an average of two or more determinations.
Comparative intensities for powdered Ni compounds on
different sample holders are given in thousands of counts, and
binding energies in electron volts. The theoretical intensity
ratios are found from the formula, while the experimental
ratios have been corrected for photoionization cross sections
by using Schofield's values (2) and for counting times. The
absolute intensity of the spectra obtained from samples on
graphite, double sided stieky tape, and indium foil are
generally about the same, with variations due to differences
in the amount of sample adhering to the surface. It should
be noted that in the cases of graphite and indium, complete
coverage of lbe surface of the holder often was not attained.
The intensity obtained from pellets is usually besL However,
pellets require far more material, are often fragile, and, in a
glove box, are difficult to load into the spectrometer. In
addition, making a pellet enables the sample to be con­
laminated from lbe press and/or lbe die. The graphite holders
are easy to load and they require no supports or covers, as
do tape, indium foil, and pellets. Graphite is a conduetor and,
wilb the aid of an electron flood gun, presents no problem
ariaing from lhe charging of the surface.

The NiS shows a peak of approximately 168.4 eV, indicating
lbe presence of 80,:>-, caused by surface contamination of lbe
sample by oxygen. The S/Ni ratio obtained for NiS, lberefore,
may not be representalive of the bulk sample. The sulfate
and nitrate were of lbe fonn NiSO,06H,O and Ni(NO,l,.6H,O.
These samples showed a ehange of color upon being removed
from the spectrometer, and the ratio of O/Ni was less than



solvent was necessary. Afwr the graphiw planchet is cleaned,
it is placed on a glass plaw on a hot plate, and heawd to
between 60-80 ·C. The solution is then added, 50 ~L at a
time, with the wawr quickly evaporating. Figure 1 shows the
spectra of 250 ~L of a solution containing 500 ppm Cr and
375 ppm K (from K,Cr,O,), and 500 ppm As in nitric acid,
loaded onto the graphiw as described above. This preliminary
evaluation of the holder in quantitative studies is promising.

In summary, these graphite planchets seem to have many
advantages as routine sample holders in XPS. They are simple
to use, inexpensive, and, when treaWd carefully, virtually free
of contaminants. They have proved useful in examining
oxygen·containing compounds and seem to have potential in
trace analysis hy ESCA.
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Blank Limitations In Laser Excited Solution Luminescence

T. G. Matthews and F. E. Lylle·

Department of Chemistry. Purdue University. West LsfayeNe, Indiana 47907

In fluorimetry, the instrumental sensitivity is directly
proportional to the intensity of the exciting radiation. This
parameter, in turn, depends upon the source intensity, the
throughput of the excitation optics, and, for a continuum
source, the bandwidth of the monochromator. As a result,
lasers have been demonstrated to be a very advantageous
excitation source for trace luminescence analysis (1-4). An
increase in sensitivity does not, however, produce a corre·
sponding improvement in the lower limit of dewction because
most practical samples are blank limiwd. Parker has outlined
several contributing factors including elastic scattering of the
exciting radiation, inelastic Raman scattering from the solvent,
and fluorescence from the cuvetw, the solvent, and any sample
impurities (5). The reduction of the total blank emission is
therefore crucial to capitalizing on the laser as a source in
studies involving either trace, high quantum yield or bulk, low
quantum yield emitters in solution. This paper demonstrates
that an improvement in the lower limit of dewction can be
achieved by a detailOd consideration of the blank luminescence
from both the cell and the solvent. A survey of high purity
and spectral grade commercial solvents, including a complew
range of polarity and several glass-forming mixtures, shows
possible orders of magnitude variation in the blank. Simple
purification procedures are found to be very effective in
lowering reagent grade solvent emission, but none are com·
petitive with high purity commerica! solvents.

EXPERIMENTAL
The fluorimeter used for these experiments was constructed

around a Phase-R Model N21K nitrogen laser providing 3-~J,

4.5·ns pulses at a repetition rate of 28 Hz. Sample luminescence
was focused through a Coming (}'52 filter (laser scatwr atwnuation
X 1000) into a Jarrell-Ash Model 82-405. 1/,-m monochromator
providing a 4·nm bandpass. Emission detection was achieved by
an RCA IP28B photomultiplier. A detailed description of this
instrument will be published at a later date.

Although the fluorimeter provided subnanosecond time res­
olution, all spectra were recorded at a time coincident with the
peak of the laser pul8e to more closely resemble the results
expecWd with 8tesdY-8taw excitation. nata shown in the figures
are corrected for the spectral response of the monochromator­
photomultipler combination.

Unless otherwise 8tawd, all solvents were te8Wd as received
from the manufacturer. Quinine bisulfate was purchased from

Ea8tm8n Kod8k and recrystallized twice from ethanol.

RESULTS AND DISCUSSION

Cell De8ign. Scatwr and fluorescence from the cuvette
can be convemeotly reduced well below solvent emission levels
by designing a cell consisting of a 1-em cd. quart2 tube epoxied
to a i.2-cm' plaw cut from a Coming 7-54 fIlter. Exciting
vertically through the bottom of the cell, the fIlter passes the
laser beam witb minimal 8catwr and fluorescence, and ir­
radiates the solution without impinging upon the walls. AIl
increased path length can also be achieved in this conflgUIlltion
for greater 8ignal strength.

Solvent Considerations. Solvent scatwr and fluorescence
present a far more complicawd problem than cell design. In
most cases, the total emission spectrum consists of temporally
and spectrally sharp elastic and inelastic scattering hands
(C-H, Q-H), and some degree of a 8pectrally broad, impurity
fluorescence tail (T, < 2 ns). This is consiswnt with con­
siderations of typical cross-8ections for Rayleigh, vibrational
Raman, and fluorescence processes. Despiw the dramatically
lower cross-sections for the scatwring processes, the high
number density of the solvent molecules causes both the
Rayleigh and Raman signals to be comparable or greater in
inwgraWd inwnsity than the fluorescence emission from
impurities in ultra-clean 801vents.

Although not the principal topic of this paper, it should be
noted that an instrument employing pulsed laser excitation
is of obvious value in isclating long-lived sample emission from
solvent impurity fluorescence and Raman scattering (2).
Naturally, for f1uorophors with lifetimes of similar magnitude
to those of solvent impuritie8 or the laser pulse width, time
resolution is of little value. For this latter case, the blank
emission can be reduced only by solvent purification or a
judicious choice of manufacturer.

A survey of 80lvent emission (Figures 1-3) was taken in­
cluding many very common solvents, a wide range of solvent
polarity, and 8everal manufacturers. Impurity fluorescence
inwnsity varied by more than two orders of magnitude be­
tween 8pectral grade and high purity solventa. Only Burdick
and Jackson (B&J) high purity, distilled-in-giass solvents were
found to have uniformily low hackgroonds. Individual solvent
comparisons between spectral grade and B&J high purity are

0003-2700/79/0351'()563$Ol.00/0 C 1979 Amertcan ChemIcal Society
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water was 7.6 kca1/mol (see Figure captions). Incorporating
other B&J high purity solvents and 8 few binary water
mixtures for gaps at the polar end of the scale, separations
of less than 2 kcal/mol could easily be achieved.

Three weakly luminescent glass-forming solvent mixtures
of low (1:1 penlane/cyc1ohexane), intermediate (2:5 propa­
nol/ether), and high (1:9 ethanol/methanol) polarity are
presented in Figure 4. The 1:9 alcohol mixture represents
the least fluorescent combination of several mixtures of these
two solvents which forms a stable glass (7).

Solvent Purification. To ascertain the practicality of
simple solvent purification procedures, a fractional distillation
was attempted. Methyl cyc10hexane was chosen for purifi­
cation because it is used in several glass·forming solvent

10.0

f9n 4. Class-forrmg solvents. ( ) 10% USP !1ade ethanol.
90% B&J methanol. (0-0-0) 29% B&J propanol or butanol, 71 %
B&J elhyl ether. (0-0"'0) 50% B&J pentane. 50% B&J cyclopentane
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Figure 2. Solvent luminescence. (- ---) Spectrel grede benzene.
(e__) USP grede ethanol. E, = 51.9 kcal/mol. (0-0·0) B&J
methanol, 55.5 kcal/mol. (0",0···0) B&J benzene

12.0

ehown for benzene (Figure 2) and carbon tetrechloride (Figure
3). Significant improvement was noted with B&J carbon
tetrachloride and orders of magnitude of difference was noted
with B&J benzene. In all cases, the luminescence intensity
(450 run, 0.1 M H,sOJ of a particular concentration of quinine
bisulfate (QBS) i. shown for comparison. It should be noted
that residual fluorescence for the better solvents corresponds
roughly to compounds having a concentration-quantum yield
product of 10-12, e.g., 10-' M and <1>, = 0.001.

Figures 1, 2, and 3 illustrate the extensive range of polarity
available in high quality solvents. Applying the ET (25 ·C)
values developed by Reichardt and Dimroth (6) to classify
solvent polarity, the largest gap between cyclohexane and



FI9ure 5. Methylcyclohexane purilication. (e-e-e) UnpUflfied.
(0···0···0) Purified

mixtures but can only be purchased in less than spectral grade
quality. The luminescence of the best of 4 equal fractions
collected from a packed Vigreux column (-10 theoretical
plates) is presented in Figure '5. Although significant im­
provement was made, much more elaborate purification
procedures would be necessary before results competitive with
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higb purity commercial solvents could be achieved.

CONCLUSION
Solvent acatter and luminescence bave been sbown to be

major factors controlling tbe limits of detection in the con­
ventional fluorescence technique. Solvent luminescence can
frequently be reduced by orders of magnitude with careful
selection or purification. Temporal resolution would also be
valuable for isolating any sample emission long lived in
comparison to the fluorescent impurities of the solvent.
Spectral resolution is of little value, however, unless the
emission is greatly red·shifted from the excitation energy. In
contrast, the interference caused by scattered emission can
frequently be attenuated with either spectral or time reso­
lution, because of its sharp spectral and fast temporal
characteristics.
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Algorithm for the Determination of Decay Rate Constants by Reversal Current
Chronopotentiometry

Donald A. Tryk and Su-Moon Park'

Departmenl 01 Chemislry. The University 01 New Mexico, Albuquerque, New Mexico 81131

Current-reversal chronopotentiometry (CRCP) is a tech­
nique which can complement cyclic voltarnmetry by providing
quantitative kinetic data for slow following reactions in­
vestigated qualitatively by cyclic voltammetry. CRCP has
perhaps been under-utilized because of the difficulties of its
data treatment. \Ve wish to report a convenient algorithm
for the computation of pseudo-first-order decay rate constants
of electrogenerated species using the method of current-re­
versal chronopotentiometry.

For the case where the forward electrolysis current, ir, equals
the reversal current, i" the diffusion equation yields the
analytical solution (1).

2 erf Y'kr = erf~ (1)

where t is the forward electrolysis time, T is the time elapsed
between the current polarity switching time and the transition
time for the electrogenerated species, and h is the pseudo­
first-order decay rate constant. For the case in which i, '"
ir, the solution is (2)

(u + I) erf Y'kr = erf~ (2)

where u = i,/i,.

The usual method for the computation of h bas been to read
values of the dimensionless quantity hi from a grapb or table
of hi vs. the experimental dimensionless quantity, T/I (1).
Herman bas outlined a method for computer-generating such
a table (3). In order to increase the precision of h, the ex­
periment may be run at various values of t to obtain a series
of values of ht. These may be plotted against I, the slope of
the line being h (I). In terms of computer programming,
however, a method requiring the use of a stored table and
interpolation therefrom suffers from defects in storage
economy I speed. and precision.

Another approach is to recast Equation I in an explicit form,
giving the quantity t/r as a function of hT:

t / T = -l; (er,I(2 erf Y'krw - I (3)

where eri t is the inverse of the error function. The inverse
error function is readily implemented as a subroutine using
the Newton method (4), since the derivative of the error
function is available (5), and the error function itself is
commonly available as a subroutine. The geometric form of
Equation 3 is shown in Figure 1. At large values of 1/T, kT
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f9n 1. Theoretlc:al Cl.Ml ftJr CACP besed on E"",tion 3. The_
lines demonstrete the operation of the False posnlon algorithm. The
asymptote lies et kT ; 0.2275

becomes insensitive to changes in I/T, but this characteristic
is inherent in Equation J.

The problem then becomes one of fmding roots of Equation
3 so that values of kT can be computed for input values of t / T.

Rather than attempting to derive a derivative of t / T with
respect to hT, which would be necessary in order to employ
the Newton method, the False Position method (4) may be
used. This method does not require a derivative to be known
and is nearly as efficient as the Newton method. Also, the
False Position method required less than half the average
number of iterations required by a simple stepping search
when used on a sample data set. Equation 3 was fitted to
several different differentiable functional forms in order that
the Newton method could be used directly, but a good fit could
not be obtained.

In its simplest form, the False Position method may be set
up using the origin (point 2) and a point on the curve in Figure
1 arbitrarily close to the asymptote, kT ; 0.22 (point I), as
the starting points. In geometric terms, 8 line is drawn
between the two points, and the intersection of this line with
the horizontal line corresponding to an experimental t / T value
is found. The hT coordinate of this point is used to compute
a value of tiT using Equation 3. This coordinate pair cor­
responds to a point on the curve (point 3) from which a second
line is drawn to point J. Again the intersection with the
horiwntal tiT line is found, and the hT value used to compute
the tiT coordinate of a new point on the curve (point 4). The
process is continued until the desired accuracy is obtained.
The iteration formula is then:

(t/T), - (t/rJd (t/T)d - (t/T);
(hT);+!; (kr);(t/T),_ (t/T); + (hT),(t/T), - (t/T);

2

kl

oO~-----:------:-:10:-----'1'5
I,s

Figure 2. Experimental data with CO!T1lu1erijel1et'ated kl values. Each
poInt Is averaged from three experiments (See text for experimental
details)

where (t/T). is the desired experimental value.
In order to achieve the efficiency indicated above for this

algorithm, the curve was divided into two parts, and tiT values
below 5.6970 were treated using (0.1600, 5.6970) as the point
of false position. Values of t/ T above this were treated using
(0.2200, 12.6524). This treatment can easily be extended to
encompass situations in which i, ,t. if by using Equation 2.

Having now a value for kT for an experimental value of tiT,
one computes ht and plots values of ht vs. I as in Ref. J. Figure
2 shows a plot using computer·generated values for an ex­
periment similar to one run by Testa and Reinmuth (1) on
the oxidation of p-aminophenol (PAP). Twice-recrystallized
PAP was 1.13 mM in 0.0965 M H,80., run at a current of ±1
p.A using a Pt disk electrode of area 0.021 em'. The h value
was 0.132 ± 0.008 s-' at the 90% confidence level. This
compares well with the value of Testa and Reinmuth (1),
which was 0.103 ± 0.003 5- 1 for 0.102 M H,SO. and with that
of Herman and Bard (6) determined by cyclic chronopo­
tentiometry, which was 0.115 S-I for 0.10 M H,80•. AU of these
values are at 30.0 ·C.

A print-out of a FORTRAN IV program using the False
Position method with least-squares and plotting subroutines
is available from the authors.
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Digestion Tube Diffusion and Collection of Ammonia for Nltrogen-15 and Total Nitrogen
Determination

WIlliam A, O'Deen" and L. K, Porter

USDA. SCience & Education A_ITa/ion, Agrlcunuraf Research, P. O. Box E. Fort Collins. CoJoreoo 80522

Total N in seeds, planta, soils, manures, sludges, organic
residues, and organic compounds has traditionally been
determined by Kjeldahl analysis. The Kjeldahl digestion

converts the organic N to NH:. Use of digestion tubes
arrayed in an aluminum heating block allows greater numbers
of samples to be digested simultaneously (I). The NH:
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Figure 1. Construction details of a tube for tube-diffused collection
of NH3

formed in the digestion has normally been determined by
colorimetric methods or by titration of the NH3 trapped in
various acidic solutions following alkaline distillation (2).
Classically, isotope analyses for N have consisted of recovering
the NH: by distillation and concentrating the NH: for
subsequent oxidation to N, by alkaline hypobromite for mass
spectrometry or emission spectrometry analysis (3).

This paper reports a simple procedure for the diffusion of
NH3 and its quantitative recovery as NH.Cl from semimicro
Kjeldahl digests. The recovered NH,CI can be used for N
isotope and total N analyses. The procedure is similar in
concept to the Yoneyama and Kumazawa (4) reabsorption
system for obtaining NH,CI for Dumas combustion and
subsequent isotope analysis. and is an extension of di­
gestion-microdiffusion methods for total N determination
detailed by Conway (5).

The primary advantage of this semimicro diffusion tech­
nique over the distillation technique now commonly employed
is that the diffusion and subsequent evaporation of the excess
HCI to recover the NH,CI salt arc essentially unattended
operations. Our present distillation procedure allows only 20
total N determinations and simultaneous isotopic N sample
preparations in one day. This requires the full time attention
of a laboratory analyst. ~'ollowing tube-diffusion and ac­
quisition of NH,CI, hundreds of gravimetric total N deter­
minations, which are immediately ready for N isotope analysis,
can be performed in the same one-day period.

MATERIALS AND METHODS
Special screw-cap digestion-diffusion tubes, 2.5 by 30 cm (Figure

1), were constructed by cutting off the bottoms of screw-cap
culture tubes (Coming ;;9826) and glass blowing them to Folin·Wu
digestion tubes (Corning #7940). Caps with conical polyethylene
liners (Poly-Seal Caps, A. H. Thomas Co.) provided exrellent seals.
Glass indents 7.5 cm from the top of the tubes were formed to
support the NH3 absorption vials. The disposable glass shell vials
(1.5 dram, or 5.0 by 1.525 cm) were the same vials used in the
isotopic N inlet system conversion apparatus of Porter and O'Deen
(6).

Isotopic Fractionation. Isotopic N fractionation resulting
from the diffusion of NH, was studied with alkaline salt solutions
containing 1.3 atom 'Y. "N (NH,),sO" and Na,SO,. Solutions
made from ("NH,),sO, (I mg N/mL) and Na,sO, (220 mg/mL)
were made alkaline with 1 mL of 13 N NaOH. (The Na,sO,
solution closely approximates the inorganic matrix of a neutralized
Kjeldabl digest.) Immediately after making the solutions basic,
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vials containing 3 mL of 1 N HCI were inserted into the tubes
using reverse action [orceps. The tubes were then capped and
placed in a 40·hole Tecator or Technicon block digester.

At selected time intervals, tubes were removed and cooled for
5 min prior to vial removal. The extent of NH3 diffusion was
determined by steam distillation of the NH3 remaining in the
Na2S0. mRtrix solutions followed by titration with HCl. The
NH.CI in the vials was taken to dryness on a 95 °C steam table
in an aluminum block holder (6). One-mg N levels were used for
fractionation studies. One mg N as NH.Cl, when oxidized by
alkaline hypobromite, produces optimum N2 pressure in the inlet
system of the AEI-MS-20 isotope-ratio mass spectrometer and
inlet system which we used (6). Fractionation can occur if NH 3
recovery is less than Quantitative (7).

Recovery oC NH.-+ - N. Two simple and direct methods were
used to determine whether the N as NH.CI had been recovered
Quantitatively. Gravimetric determination was used by weighing
number etched vials prior to diffusion and foUowing evaporation
of the excess HCI on the 95 ·C steam table. The vials were left
on the stearn table for 0.5 h after vial and salt appeared dry and
no odor of HCI could be detected. Vials left on the stearn table
for 6 h showed no weight losses. After evaporation of the HCI,
the outside of the vials was cleaned with waler·wet tissues and
then with methanol. They were then stored in a ciesiccaror. At
normal isotopic abundance, 11.46 mg NH.CI are equivalent to
3 mg N.

A second method employing a solid-state CI- electrode was used
to confirm Quantitative recovery of the N as NH.Cl. Since N is
directly related to CI- in NH,CI, the potential of the Cl- electrode
may be used to determine N concentration in solutions of NH.Cl
An Orion solid-state chloride electrode (Model 94-117A) and an
Orion pH meter (model 701) in combination with an Orion
double-junction reference electrode (mooel90-02·00) were used
to measure N concentration. The \w containing the NH.CI were
placed on their sides in 600-mL beakers and 50 mL of water were
pipetted into each beaker. The NH,CI in each vial was dissolved
and transferred to a lOO·mL beaker for nitrogen measurement.
Three·minute readings were employed, followed by successive
reimmersion of the electrodes and readings at 2 minutes. A
standard curve of EMF vs. mg Nj50 mL plotted on semiloga­
ritbmic paper was linear between 0.4 mg Nj50 mL and 8 mg N/50
mL with nearly Nernstian behavior.

Total N Analyses, To demonstrate that both plant and soil
samples could be carried through the tube-diffusion procedure
with quantitative recovery of the N as NH,CI, 0.3 g of ball-milled
corn ear tissue and 1 g of ball-milled Rago silt loam surface soil
from Akron, Colo.. were digested and then diffused. Total N
digestions modified to inclode NO;-N were perfomJed according
to semimicro-Kjeldahl procedures described by Bremner (2).
Block temperature was 375 'C and digestion continued for 4 h.
The digests were cooled and 24 mL of water were added to plant
samples and t6 mL to soil samples to prevent solidification. The
samples were made alkaline by addition of refrigerated 13 N.
NaOH in two increments with a S.min cooling in cold water prior
to the addition of each increment.

Total solution volume was 42 mL for plant samples and 38 mL
for soil samples. Contents were thoroughly mixed by capping ana
imoerting, and the caps were rinsed and the rims of the tubes wiped
before insertion of the vials. The tubes were capped and diffused.
(A 130 'C temperature and a 2-day period of diffusion ware
selected for soil sample diffusion because of bumping at 140·C
and physical characteristics of the soil diffusion solution.) 140
°C is n maximum safe diffusion temperature.

RESULTS AND DISCUSSION
The recovery of NH3 from the diffusion process was highly

dependent upon temperature and diffusion interval (Table
I). At 80 ·C, nitrogen isotope fractionation was significant_
I-tests of the 16N values for the various fractions VB. standard
are all significantly different in "N. content at the 1%
probability level. When NH3 recovery exceeds 95% (168 h),
the 16N value approaches that of the standard and diffelll from
the standard by less than 5 parts per thousand. At 140 ·0,
mean separation tests employing the error mean square and
appropriate LSD values show significant differences at the
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Table I. The Amount of NH Diffuaion and "otopic Fractionation aa a Function of Temperature and Diffusion Interval
with a Fixed Volume of 70 mt and an N level of 1 me (80 ·c, n = 8; and 140 ·C. n = 10) .

diffusion period, h

te.mperature 8 24 48 72 96 168 standard

80·C

% diffusion 34.1 60.2 73.1 95.5
fractionation 1.2883 1.2884 1.2930 1.3100 1.3144

(stom % "N)
10.3 16.3 50.7 0.714 0.127variance X 10'"s

140'C

% diffusion 63.6 94.7 98.3 98.6 99.0
fractionation 1.3078 1.3072 1.3073 1.3093 1.3072 1.3135

(atom % "N)
1.16 0.523 0.633 0.128varian cc X 1 (T S 0.903 1.13

Table II. The Extent of Diffwion and Isotopic N Fractionation as a Function of Salt Solution Volume and Diffusion
Period with a Constant N Level of! me/tube and a Diffusion Temperature of 140' C (8 h, n = 4; and 24 h, n = 5)"

volume, mL

50 30 10 50 30 10
8h 24 h

amount of diffusion % 69.2 90.9 99.8 98.7 99.4 100
fractionation 1.3030 1.3059 1.3147 1.3113 1.3109 1.3153

(atom % "N)
deviation from standard 9.95 7.75 1.06 3.65 3.95 0.61

(parts/IOOO low)

(1 Atom % 'SN of standard was 1.3161

Table III. Gravimetric Determinations of NH~Cl Recovered

standards samples

3 mg N" 3 mg N b 1 mg Nb plante soild

mean NH.CI weight 11.50 11.50 3.86 13. H" 3.04"
for 5 determinations (mg)

deviation from expected ('!'o) + 0.35 + 0.35 + 1.05 + 0.38 + 3.05
coefficient of variation ('!'o) 1.37 1.23 5.37 1.15 2.94

(1 Evaporated without diffusion. b Diffused 1 day at 140°C from 50 mL. C Diffused 1 day at 140°C from 42 mL.
d Diffused 2 days at 130°C from 38 mL. C Expected values were calculated from 5 corresponding sLeam distillation deter·
minations. Gravimetric blank determinations had no measurable weight.

1% probability level for tbe standard "N values vs. fractions
from other time intervals. However, atom % "N values for
the various time intervals differ from the standard by less than
5 parts per thousand.

Table II shows that a reduction in sample volume greatly
increased the recovery for the 8-h collection period and also
influenced the atom % "N values. With a 10·mL sample
volume and a I-day collection period. lowering of the "N
values is no longer significant- Table I shows that quantitative
recovery of small N·level samples would take longer than
quantitative recovery of high N-Ievel samples. Diffusion of
a I-mg N sample from a 70-mL volume at 140 ·C for I day
results in 94.7% recovery. Proceeding from 94.7% recovery
(53 "g N remaining in solution) to 99% recovery (10 "g N
remaining in solution) requires 3 days. Only 81 % of the 53
"e N in solution would be recovered in 3 days. It also follows
that in a fixed interval of diffusion, a higher percentage of a
high N·level sample would he recovered than a low N·level
sample. Use of this semimicro tube-diffusion spparatus for
microgram quantities of N would require additional diffusion
time to achieve quantitative recoveries.

Isotopic fractionation of nitrogen in tube·diffusion can
therefore be minimized by decreasing sample volume, in­
creasing N level, and increasing the diffusion time. This
parallels the percentage recovery of nitrogen under the same
experimental conditions. The fractionation is inconsequential

in most 15N·enriched laboratory, greenhouse, and field ex­
periments, but would produce errors in very exact 15N de­
terminations involving normal abundance studies.

Martin and Ross (8) reported extensive losses of NH,CI
upon evaporation and recovery of the salt. Under our ex­
perimental conditions, no loss occurred. A water bath
temperature of 95 "C and the upper vial structure acting as
a condenser for NH,CI vapor eliminated any volatile loss of
NH,CI. Table 1II shows that both 3 mg-N standard evap­
orated without diffusion and 3 mg-N standard evaporated
following diffusion resulted in quantitative recovery of the
NH,CI. Slightly over 3 mg N diffused from digested plant
samples also yielded quantitative recovery of the N as NH,CI.
Although quantitative recovery of N as NH,Cl occurred for
1 mg N when diffused from standard solutions or from di­
gested soil samples, diffusion of 1 mg N resulted in a higher
gravimetric coefficient of variation (CY) due to a larger relative
weighing error. However, for gravimetric determination of
3 mg N and above, the CV of 1.4 and below is better than the
CV of 2.45 reported for the block digestion-<;team distillation
procedure or the CV of 3.64 reported for the block di­
gestion-NH3 electrode procedure (9).

Solid-state chloride electrode determinations performed on
3 vials saved from corn tissue gravimetric determinations of
N yielded values 0.63% higher,O.96% lower, and 1.05% lower
(mean = 0.46% lower) than values of N calculated from the



corresponding gravimetric values, providing additional evi­
dence that the N as NH.Cl was quantitatively recovered. The
NH.Cl may therefore be used not only for isotopic N analysis
but for total N determinations. More sensitive N-detection
methods, such as indophenol blue (10) and halide pulse
polarography (11), might also be used with the resulting
NH.CI, especially if this semimicro system were used for
microgram quantities of N.

LITERATURE CITED
(1) G. E. Sctunan, M. A. Stanley, and D. Krulsen, SoISci. Soc. Am. Ptoc.,

37,480 (1973).
(2) J. M. Bremner In "Methods 0' Sol Analysis". C. A. Blad<, Ed., American

Society 01 Agronomy, Ma<ison, Wis., 1985, pp 1149-1178.
(3) J. M. Bremner In "Methods 01 Sol Analysis·'. C. A. BIsd<, Ed., American

Society 01 Agronomy, Ma<ison, Wis., 1985, pp 125S-1286.
(4) T. Yoneyama and K. Kumazaw8. Plant Cell PhysJol.• 15. 655 (1974).
(5) E. Conway, "Mlcrodiffuslon Analysis and Volumetrk: Error", Crosby

Lockwood. Loodon, 1957. pp 139-153.
(6) L. K. Porter and W. A. O'Deen, Anal. Chern .• 49. 514 (1977).
(7) R. D. Hauck and J. M. Bromna<, Adv. Agron., 28. 219 (1978).

ANALmeAL Ct£MISTRY, VOl. 51, NO.4, APRIL 1979 • sn

(8) A. E. MartIn and P. J. Rosa, TI3IJS. Int. ~. So6 ScI., 9ftr. 3. 521
(1968).

(9) R. N. GaIahor, C. D. W.-. and F. C. Boawel. So6 ScI. Soc. Am. J ..
40, 887 (1978).

(10) J. K. Fawcett and J. E. SCott. J. CIn. Pathol.• 13, 158 (1960).
(11) W. A. O'Deon and R. A. Osloryomg, Anal. Chern .• 43. 1879 (1971~

RECEIVED for review August 23, 1978. Accepted December
26, 1978. The work reported here was presented in part at
the Third International Conference on Stable Isotopes, Oak
Brook, Ill., 1978, and at the 20th Annual Rocky Mountain
Conference on Analytical Chemistry, Denver, Colorado, 1978.
Contribution of USDA, Science and Education Adminis­
tration, Agricultural Research, Fort Collins, Colorado, in
cooperation with Colorado State University Experiment
Station, Fort Collins, Colorado. Trade names used in text are
included for the reader's convenience, and such inclusion does
not constitute any preferential endorsement of products
named over similar products available on the market.

General Method for Overcoming Photoacoustlc Saturation in Highly Colored Organic and
Inorganic Solids

William H. Fuchsman'

Chemistry Department, Oberlin College, Oberlin, Ohio 44074

Ann J. Silversmith

Gilford Instrument Laboratories. Inc.• 132 Artino Street, Oberlin, Ohio 44074

Recent interest in the application of photoacoustic spec­
troscopy (J, 2) to samples which absorb visible light has led
not only to the commercial production of photoacoustic
spectrometers but also to careful examination (2) of the
advantages and limitations of the technique. A general
problem in the application of photoacoustic spectroscopy to
highly colored solids is saturation, which results in featureless
spectra.

Saturation occurs when light is so effectively absorbed that
the spectrum ceases to be dependent on the sample ab­
sorptivity. In photoacoustic spectroscopy, a layer of material
with thickness approximately equal to the thermal diffusion
length Il of the material can contribute to the signal; Il " f II',
where f is the frequency of modulation. The relative sizes of
Il and the optical penetration depth liP determine whether
saturation occurs. If the material is so highly absorbing that
all of the light is absorbed in the first thermal diffusion length
(liP « Il) over a range of wavelengths, then the photoacoustic
spectrum is independent of sample absorptivity, and satu­
ration occurs. Saturation can be avoided either by increasing
the modulation frequency or by making the sample thickness
so small that it is on the order of liP (cf. Figure I, Reference
3),

EXPERIMENTAL

Tetraphenylporphin and its dication were synthesized by
literature methods (4, 5). Photoacoustic spectra were obtained
on a Gilford R-l500 spectrometer. Samples Vlere attached to an
aluminum sample holder by two-sided adhesive Cellophane tape.
Diffuse reflectance spectra were obtained on a Beckman Acta IV
spectrophotometer with reflectance sphere attachmenL Samples
were lightly spread on adhesive Cellophane tspe; a BaSO. powder
sample was behind the tape. The reference was BaSO. powder.

Solution absorbance spectra were obtained on a Cary 17 spec­
trophotometer. Scanning electron microscopy was performed on
an AMR lOOO-A instrument. Thin-layer grade alumina was
purchased from Woelm; infrared grade KBr was purchased from
Hsrshaw Chemical Company.

RESULTS
In our initial attempts to obtain photoacoustic spectra of

solid porphyrins, even with high (2 kHz) chopper frequencies
and thoroughly ground samples, we obtained typical saturated
spectra (Figure lA). In order to break up the sample particles
still further, we ground tetraphenylporphin with thin-layer
grade alumina. By so doing, we were able to obtain well
defined photoacoustic spectra of tetraphenylporphin in the
400-700 nm visible region (Figure 1). The visible region·
photoacoustic spectrum of tetraphenylporphin ground with
alumina exhibited Amu values of 422,519,553,594, and 652
nm. The photoacoustic spectrum of tetraphenylporpbin
ground with alumina was similar to the diffuse reflectance
spectrum of pure tetraphenylporphin (Figure 1A) and the
solution absorption spectrum of tetraphenylporphin dissolved
in chlorobenzene (Figure 1B). Diffuse reflectance spectra of
pure tetraphenylporphin and tetraphenylporphin ground with
alumina showed no evidence of change resulting from grinding
with alumina. We also obtained well defined photoacoustic
spectra of tetraphenylporphin ground with infrared grade KBr.

Grinding samples with a white inorganic solid appears to
be a general procedure for obtaining photoacoustic spectra
of intensely colored solids. Saturation prevented successful
visible region photoacoustic spectroscopy on pure solid p0­

tassium chromate, pure solid potassium dichromate, and pure
solid copper phthalocyanine (2). Figure 2 shows visible region
photoacoustic spectra of potassium chromate and potassium
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F~ure 2. Photoacoustlc spectra of solid K2Cr20 r ground with alumina
(-) and solid K2CrO. ground with alumina (---), ,= 100 Hz

phenylporphin coating the alumina particles,
White alumina and KBr by themselves showed no ab­

sorption of visible light during photoacoustic spectroscopy.
Successful application of photoacoustic spectroscopy to

pure, solid hemeproteins has been possible (7,8) despite their
large molar nbsorptivities and de.spite similarities in structure
and optical properties of hemeproteins and tetraphenyl­
porphin. Lack of saturation effects in solid hemeproteins
might he associated with lower chromophore density (in
moles/volume) in hemeproteins than in protein-free porphyrin

,compounds. Such chromophorc concentration effects have
been observed in photoacoustic spectra of methylene blue in
aqueous solution (.1) and tetraphenylporphin in chlorobenzene
solution (9),
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dichromate, each ground with alumina. After grinding samples
with alumina, we also obtained visible reg-ion photoacoustic
spectra of potassium permangannte. copper phthalocyanine,
hemin, and chlorophyll in,

Grinding time appeared to be important for some samples,
Tetraphenylporphin dication (with triOuoroacetate coun­
terions) was converted to tetraphenylporphin by prolonged
grinding but not by brief grinding with KBr,

Samples ground with KBr were successfully examined both
as powders and as pieces of KBr peUets which had been used
for infrared and Raman spectroscopy,

The degree of saturation, particularly in the 400-450 nm
region of most intense absorption by tetraphenylporphin,
depended upon the relative amounts of tetraphenylporphin
and white inorganic solid which were ground together. Lower
tetraphenylporphin:alumina and lower tetraphenylpor­
phin:KBr mass ratios gave samples which exhibited less
extensive saturation, The solid dilution effect is consistent
with the proposal that organic solids ground with inorganic
diluents are coated onto the surfaces of the inorganic partides
rather than divided into smaUer discrete partides (6), When
examined by scanning electron microscopy, alumina ground
with tetraphenylporphin appeared to have bits of tetra-

500 600

WAVElENGTH loml

Figure 1. (A). (1) Photoacoustlc spectrum of pure solid tetra­
phenylporphln, f = 2 kHz; (2) diffuse reflectance spectrum of pure
solid telraphenylporphin in percent transmittance; (3) photoacoustic
spectrum of solid tetraphenylporphin ground with alumina (1 mg/g
alumina), f = 100 Hz. (8). (1) Photoacouslic spectrum of solid tel­
raphenylporphin ground with alumina (1 mg/g alumina), f = 100 Hz:
(2) absorbance spectrum of tetraphenylporphln dissolved in chIaro­
benzene
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Automatic Device to Monitor and Terminate a Distillation

Robert R. Lowry

Department 01 Agrlcullroal Chemistry, Oregon State University, Corvallis, Oregon 97331

and the resistors. R 1 and R2. shown in Figure 2 and listed
in Table 1. The sensor head height is adjusted by a rubber
grommet stop that is on the glass tube. When the opaque
sphere interrupts the light beam from PL to PC, the circuit
path to the relay coil is broken.

This can only be reset by manually closing switches SI and
S2 simultaneously. Switch SI is a momentary push button
and S2 is a now switch consisting of a microswitch with a small
plate of aluminum attached. This is located immediately
above the drain and is so positioned that the exit stream of
the condenser cooling water holds it in the closed position.

The relay controls the 1l0-V power to the heater and
solenoid valve that controls the water supply. The latter is
"hard" plumbed into the line and contains a constrictor for
the water now. With this arrangement, any loss of a hose
connection or breakage of the condenser immediately stops
the water now and turns off the power.

In normal operation, once the distiUation is proceeding and
the solvent cut desired is being collected, it is necessary only

Figure 2. Schematic of device

capacitor
capacitor
pilot light
photo SCR
relay
fuse
transformer
solenoid valve
bridge rectifier
switch
microswitch

LINEHEAru-- sv

Table I. Parts List for the De\'ice

CI 0.1 ~f. 50 V de
C2 100 ~f, 50 V dc
PL 18-24 V
PC General Electric L911 F
MR Potter & Brumfield KRP1DG
Fl for mantle plus T1
Tl 14 V, 0.25 A secondary
SV Sporlan. 115 V. NC
CR SEN2AI
SI push button, NO
S2 Cherry #E22, NO

DESIGN

1'0 obtain the level of purity presently required for many
chromatographic techniques, it is often necessary to redistill
solvents. This is true even with reagent grade material, 8S

well as lesser grades and solvents that have been stored for
a period of time.

Distillation is time·consuming and can be hazardous. If left
unattended, broken hoses result in noods while overheated
mantles result in damaged mantles and/or broken nasks, any
of which may cause fires. These hazards are minimized using
the device described below. Any failure of either the power
or the water now right up to the exit into the drain will result
in the shutting off of both the water and the power. Further,
an adjustable sensor permits the distillation to be turned off,
both power and water, with a previously chosen level of solvent
remaining in the still nask. This level can be chosen at any
time before or during the distillation.

All electrical connections and circuits are outside the still
itself with only a noat made of glass or glass and metal in the
solvent chamber. Standard nasks and mantles are used; the
only requirement is that the flask have two necks, onc of which
should be a T 45/50. If necessary. all the circuitry can be solid
state. The drawings 5ho\... l1, however, have an electrome­
chanical relay and two manual switches. A low voltage system
is used to minimize arcing and other electrical hazards.

Figure 1 shows the equipment added to a regular still, in
this case a 5-L nask and mantle. A glass guideway is made
using a through·type T 24/40 joint with a 12-mm upper
diameter. This in turn sits upon a stock T 24/40 to 45/50
adapter. Inside. a float consisting of t\'t'O glass spheres on the
ends of a wire, is free to rise and fall with the solvent level.
The upper sphere is made of an opaque glass. If necessary,
the wire could be replaced with a fine glass rod or tube.

Also shown is the sensor head containing a light source, PL;
a light activated silicon controlled rectifier. PC; a switch. SI;

FIgure 1. View of flask. solvent. lloal, lloat guideway. and sensor head
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to bave tbe sensor head located at the correct height for
unattended operation.

The device described has been in use for eight years without
a failure of any sort. It has permilled the distillation of
hundreds of liters of 8 variety of organic solvents safely and
economically in a system that is essentially of all glass

construction with a minimum of technical attention.

RECEIVED for review December 18, 1978. Accepted January
15, 1979. This work was supported by lhe Oregon Agricultural
Experiment Statioo, Technical Paper No. 4917.

CORHECTION

Anodic Stripping Peak Currents: Electrolysis Potential
Relationships for Reversible Systems

In this article lZirino, A.; Kounaves, S. P. Allal. Chern. 1977,
·19.56). an inconsistency fur the derivation uf an equation for
the half-wave (f~'ltA potential of fI. "polarogram" g-enernted
from peak currents or peak areas (charges) ohtained hyanodic
stripping \'oltammetry h05 heen found. The corrected
equation should he

liT (2)000ro) WI'
E'I' = £,'0 + -I' In -'-D-- - -I' In (I)

11 • 3 O,'R II .

This expression differs from the previously derived equation
hy the .. ~., in

The difference occurs from our failure to integrate the
equation for the surface concentration of the reduced com­
punent under conditions of constant flux (Shain, I.: Lewinson,

,J. Anal. CI"·IIl. 1961. 33.187.1. We equated C"lo) with C"IO)
which in prnctkc sets the mean value of Cn(O) over the in­
terval to the final value of rn(O) at the end of the electrolysis.
ThOll this is incorrec"t can also he seen intuitiveh' from the
follm\·ing. Since diffusiun within the drop can he' neglected,
en(O) can be shown to increase linearly wit h t even at "cry

low over\'oltag-es. Thus Cu(O) lies hetween zero and ('1((0)

at t, and CIl(O) = ClllO)j2.
The re!ioilition of our data is not :'illfficicnt to clearly

distinguish the factor of ~ experimentally. Differences i;l
junction potent.ials and t..·o hetween our exptrimcntnl con­
ditions and those which produced reference vulues (Harned,
H, S.; Owen, A. A. "The Physical Chemislry of Electrolyte
Solutions"; Heinhold: New York, 1958,), as well as the lack
of comparative values fur )'0 and) n make this impossible at
present (Ben Yaukm', S.; private communiC'tltion.l.

In accordance with the obo\"(!, the corrf"sponding equation
for the half-wuve potential of a stripping polarogram gencratrd
Oil a thin Hg film of thickness "{" should he

RT (2)'000 1) liTE", = £,'0 + -F In -n-- - -I' In (I)
11 o1"n IJ .

The expanded equation for the putential-cuirent rela­
tionship should be similarly currected.
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The Metrohm Automatic Buret.
The next best thing to an automatic
titrato~at a fraction of the cost.

Had enough of inaccurate meniscus read­
ings, manual refilling of burets and tedious
stopcock manipulation? Can't afford a fUlly­
automatic titrator? Then consider the next best
thing ... the very affordable, very accurate an~
very convenient Metrohm Automatic Buret.

Equipped with interchangeable 'snap-in'
buret units (1, 5, 10,20 and 50ml), the
Metrohm Automatic Buret will perform con­
tinuous, non-stop tilrations ven with fre-
quent changes of titrant. Ins ead of a
meniscus, volume indication is prr"'1ed
by a clear digital display which gives
direct readings to 0.01 ml or 0.001 mJ
(depending on buret size) without
interpolation.

The Metrohm Automatic Buret
makes possible faster, more accurate
titrations and is the answer for labora­
tories with limited equipment bUdgets.
It may be coupled to ancillary sys­
tems for automatic determinations of

potentiometric or colorimet­
ric end points.

For informative liter­
ature, write: Metrohm
Division, Brinkmann
Instruments, Inc., Canti­
ague Road, Westbury,
N.Y. 11590. In Canada:
Brinkmann Instruments
(Canada), Ltd.
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