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struments, Inc. Since the measure­
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the December 1971 issue of ANA­
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DRIERITE is a produel of the W. A. Hammond
Drieritc Co., Xenia, Ohio.
Available from your nearest LABORATORY SUPPLY HOUSE.

CIRCLE 80 ON REAOER SERVICE CARD
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anyof thepreceding
read thesetwo.
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350 company-owned branches coast-to-coast.

Service when you need it.
Over 2000 full time servicemen offer
same-day service in ~erybranch office.

Extra services: Your Monroe
man stays with you long
after the sale. training
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your calculators to work for you.

rnMonroe.
The CalculatOr Campal1J,

550 Central Avenue. Orange. New Jersey 07051
81 Advance Road, Toronto 18, Ontario, Canada
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'-'
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Automated mini pulsed
NM R spectrometer for
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"D". .... ~.
~T. 0--;--

- ---
WIDELINE
SPECTROMETER
B·KR22·S
Variable frequency
range: 3-31 MHz,
based on crystal
locked frequency
synthesizer.

NEW SPECIFIOlTIONS for our HX90:

for 5 mm sample
for 10 mm sample
for 13 mm sample

OUf High Resolution Spectrometer HX90 is guaranteed for these additional specifications:

a. LINE SHAPE: line width of chloroform sIgnal at average half heIght of the UC satellite:
with 15" magnet with 18" magnet

15 Hz 12 Hz
25 Hz 25 Hz

30 Hz

for 5 rnm sample
for 10 mm sample
for 13 mm sample

at one fifth of the height of the 13C satellIte:

with 15" magnet With 18" magnet
35 Hz 30 Hz
50Hz 50Hz

70 Hz

for 5 mm sample
for 10 mm sample
for 13 rnm sample

b. SPINNING SIDEBANDS for chlomform sample
with 15" magnet with 18" magnet

1.0% 1.0%
2.5% 2.5%

4.0%

For excellence in design, engineering and service...

GO FOR
\><7.

BRUKER
LX-)

For derails, call or Wflre:

W. GERMANY
Bruker.PhYSlk AG
7501 Focchelm
Tel. 107211 58070
T•. 1071 826836

IN CANADA

Bruker Magnetics Inc Bruker Spectrospin Canada Ltd.
1 Vlnobrook Park, Burlington, Mass. 01802 797 Oon Mills Road, Don Mills, Onumo
16171272·9250 14161429·2263

ITALY SWITZERLAND
Brukor Spectrospin srI. Spectrospin AG
Via PaSQuale Mlgliorelti, 2 8117 Zurich-Fallanden
20161 Milano Industriestrasse 26
ToI.I021 64 64 261 Tol. 10511 854855
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FRANCE
Brukor Spectrospin SA
7, rue de la Pdi"
(67) Wissembourg
Tol. (088) 94.02.42

IN U.S.A.
Bruker Scientific Inc.
1 Westchester Plaza, Elmsford, N. Y. 10523
19141592·5470

ENGLAND
Brukor Spectrospin Ltd.
19, Nordic Drift
Coventry CV 22 DE
T01. 102031 32 69 45
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This analyticalbalance
weighs almost nothing

••• even elusive bubbles to one
part In 3,220,000
All 17 MeWer analytical balances,
model for model, have the highest
precision/capacity ratios ·obtalnable.
From the macro balance H8 with a
capacity of 160 11 and a precision of
±0.3 mg to the ultra micro UM7 with
a capacity of 3 mg and a precision of
±0.1 ug. And all Meltler aralylicals
offer unparalleled speed.
Other Mettler features make the whole
weighing task easier, more convenient
while minimizing risk of error. Rapid

taring lets you dial off container
weights, up to the fuil capacity of the
balance, in seconds. Thus there are
no arithmetic computations. And auto­
matic preweighing shows approxi­
mate weight on the pan instantly. A
filling guide reduces weighing-in
time. Weight locking prevents opera­
tion of the weight knob for heavier
weights when the beam is released
... extending the life of the Instru­
ment. Weight knob direction Indica­
tor on the optical readout shows the
way to dial mechanical weights.

Various readouts of weighing results
are available ... digital, analog, ver­
nier, micrometer ... depending on the
instrument model.
The newest Mettler analytlcals have
the ability to convert resuils into elec­
trical signals to be fed to recorders.
digital printers, calculators, tape and
card punchers. computers and elec­
tronic data storage systems.
Ask us for our analytical balance
catalog. We are Mettier Instrument
Corporation, Box 3000, Princeton,
N. J. 08540. Phone: 609-448-3000.
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Anal. Chem., 43, J375 (J97J)

Gas Chromatographic Determination of Raloxanide
[3'·Chloro-4'·(4·Chlorophenoxy)·3.!to
Diiodosalicylanilide] In Plasma by Electron Capture
Detection 01 Its Trimethylsllyl Derivative

Hufoxnnidt· hilS lx't'll dl'll'nniuf'd in plnsnm by ~I':J thromn.
togrnllhy on 1\ four-illl'h t'Glumn with c)f'ctron cnpt\U'f' d('­
tl!ction, Till' method is <ltlUntitnti\'{' down to 0.01 ,wl; raf­
OXllllitl,' p{'r IItI of JlIUl\lIl11.

CHARLES P, TALLEY, NELSON R. TRENNER, GEORGE V.
DOWNING, Jr" and W. J. A. VANDENHEUVEL, Merck
Sharp & Dohme Research Laboratories, Rahway, N. J,
07065

Anal. Chem.• 43, J379 (J97J)

Method for Calculatlnc CrOis-ConUmlnation in
Column Chromatoeraphic Separation of Radioactive
Parent-Oauctrter Pairs

A general melhod h.. been devioed lor anaIyaml diItorted
climmalograrTUI rl"lJUlt.ing from column .eparatiODil of &e­
ncticnlly coupled radioacth'e .rpeci.eI, P and 0, where t.ranI­
fonnation (rom P to D occun at a rate compArable to the
llurotion of the elution proeeM.

P. J. KAROL, Department 01 Chemistry, carnegie-Mellon
University, Pittsburgh, Pa. 15213

Anal. Chem.. 43, 1383 (1971)

Separation of Uranium from Seawater by
AdsorbinC Colloid Flotation

A rorid ab8:>rbing colloid Bot.1.t.ion technique hued on II.

feme hydroxide-tiOdium dodCC)') sulfate-air l)'Item baa: been
den'loped (or the !ep3.rolioD of ur1Dium from 8e.Ilwate.r.

YOUNG S. KIM and HARRY ZEITLIN. Department 01 Cham­
is try and Hawaii Institute ot Geophysics, University of
Hawa;i. Honolulu, Hawaii 96822

Anal. Chem., 43, J390 (J971)

Analysis of Binary Mixtures by Thermometric
Titration Calorimetry

A mixture o( two reaclants M.\;D$t equal or nearly eqw
('(Iuilibrium constants for reaction with II. common titrant
c:lO bf' analyzed ,,;th II. rebti\'c error of 59'~ by a Rncle
('3.lorimetric tit",lioo.

LEE D. HANSEN and EDWIN A. LEWIS, Chamistry Depart·
ment, University ot New Mexico, Albuquerque. N. M.
87J06

Anal. Chem., 43, 1393 (J971)

Rotated Mercury Cell fO( Controlled Potential
Coulometry. Elimination of BackcroUnd e:urr.rt
by Digital Normalization

:\ rotAted mercury cell for controlled potentid coulomclr)'
has bc«>n de\'elop<'d and CV:lluAted with SC\'tral chemiea1
s\"StelU3. Electrolytic ",te constants that :Lre relativel)'
l~rge. ropid SPArging, and low cell DOisl- are some of the ad·
,·:\nt~lgt·Sof thiS cell.

RAY G. CLEM, FREDI JAKOB, DANE H. ANDERBERG, and
LAWRENCE D. ORNELAS. Nuclear Chemistry Division and
lawrence Radiation Laboratory, University ot califomia.
Berkeley, Calif. 94720

Analytical Applications of X·Ray Excited Optical
Fluorescence. Direct Determinations of Rare
Earth Nuclear Poisons in Uranium at the
Part per Gigo (1 in 1(9) level

Th. unci.", poison. Gd, Sm. En. and Dy can be direetb' de­
h~mlin('d at the ppg levrl (l in 10') in nuclear grade uranium
by the optical fluorescence emittoo under X·~· excitation.

ARTHUR P. D'SILVA and VfLMER A. FASSEL. Institute for
Atomic Research and Department ot Chemistry, 'owa
State University, Ames, Iowa

Anal. Chern.. 43. 1406 (1971)
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AnllY111 of Mixtures of Isomeric Polynuclelr
HydrOCIrbonl by Nucl..r MIlJletlc Resonlnce
spectrometry. Methyllted Derlvltives of AnthrlCine.
Benz[I]lnthrlcene, Benzo[c]phenlnthrene, Ind Pyrene

An NM n meltlod fIluitnblc for the quuliloth'c Rnd fluDolitll­
live dclrnninnlion of methylaromntic compounw in cn­
\.jronmcnlul mixture'll is c1rJK:rihcd.

LARRY K. KEEFER. LAWRENCE WALLCAVE, JAMES LOO.
and RUTH S. PETERSON. The Eppley Inslilule for Re·
search In Cancer, UnIversity at "Nebraska Medica' Center,
Omaha, Neb. 68105

Anal. Chem.• 43. 1411 (1971)

Gil Chromltogrlphlc Determlnltlon of AqueoUI
Trice HydrlZlne Ind MethylhydflZine II
Corresponding PyflZoles

The <Iunnlitntin' frRction of 2.4-J~nlnn{'dion('with Ii£"Ir'ctrd
h)'dmlinl'& to (onn ,mllAtitutcd JlyrnlolC'1! is followed bv the
gDtl chromaloKntllhie dctenninntion of 0.1 to 50 ppm h~'drn­
sill(' and ITlt'lllylh~'drnzinein Aqueous solution.

l. A. DEE. Air FOlce Rocket Propulsion Laboratory, Air
Force Systems Command. United States Ai' FOfce. Ed­
wards, Calif.

Anal. Chern., 43, 1416 (1971)

Determination of Mercury in Biological and
Environmental Samples by Neutron Activation Analysil

~It'r('ur)" is t'!('lf'nllin('d in \·"nous snrnplc-s from aquatic CD·
\'ironllH'1l1 :lnd biolo~il":tl li~uf'g l1sin~ n n('utron nCli\"stioD
nnnlYi'is !,roc't·.lun'. C'on("('fllrlliionool of SC'\o('rnl pph Sf'{' rn('!t·
Imrnhlc- hy this IIlNhod.

K. K. SIVASANKARA PILLAY, CHARLES C. THOMAS, Jr..
JAMES A. SONDEL, and CAROLYN M. HYCHE, Western
New York Nuclear Research Center, State University of
New York at Buffalo, Buffalo. N. Y. 14214

Anal. Chem., 43,1419 (1971)

low·Resolution Mass Spectrometric Determination of
Aromatics and Saturates in Petroleum Fractions

A u('w low-n'soluliun IllIIs."! Sp('ctromf'ln,' Jlro,....dun" d('h'r.
lIIim's 111' to 25 ~tlur:ttf'd nlHI lIrolluttir ('Ompound lyt)('S in
pdrolf'UIII fr:trtiou!'l hoililll: in th(' 200-1100 -F rnnJ:c without
JH'('d (or phpic:tl :'('p:tmtiOIt8.

C. J. ROBINSON, Research and Development Oep"rtmenl,
American Oil Company, Whiting. Ind, 46394

Anal. Chem., 43. 1425 (1971)

Spectronuorimetric Determination of Orthophosphate
II Rhodamine B Molybdophosphlte

O.Q.t to 0.6 fI"-: of orlhophosplm(l' is dl'lermint'd :Spt,(·trofluori.
lIlC'tricully liS HhOtlUlllillt' n 1Il0lyhduphosphlll(' uhf'r extral'·
lion into ('hloroform: butunol. Of 37 iOlls n:uuiu{'d, ollly
uf'IW'uic ulHI \"Ulllllliullt iutf'rft'('(", hut thf'S!." ran ht.' tolC'rntf'tl
at 25· nud 5O-(01d CX(.....SSNI, n·sp('cti\,{'ly.

G. F. KIRKBRIGHT, R. NARAYANASWAMY, and T. S.
WEST. Chemlslry Department, Imperial College, London,
S.W. 7, U.K.

Anal. Chem.• 43, 1434 (1971)

Application of In Iodide-Specific Resin to the
Determination of Iodine in Biolocical fluids by
Activation Analylil

&lectin' nod flufllltit4th'(' rt'tcnlion of iodide is achicnd
with lin "iodinated" re~in. A ~imple and rnpid mct.bod
lJn~d on Ih.. L~lation of ~'[ ..ith tbiJ; resin hu been applied
10 the flcti\'lliion nnal)~ of biological fluida..

MICHEL HEURTEBISE and W. J. ROSS. 5eccl6n Qulmlca.
Instituto Venezolano de Investigaciones Cientlticas. "par·
tado 1827. Caracas, Venezuela

Anal. Chern.• 43, 1438 (1971)

Qualitative Studies of Trace Constituents by
Plasma Chromatography

Qualit4ti,·.. pwmacnm pattern.tl cha.raet.eristic of beowic
acid. stllirybldchyde. ph<'Dcthyl alcohol, acetophenone. and
napllthllkn,. :iff' intcrpr('too for mb-ppb concentr:ltioM in
tl g!L'l.

FRANCIS W. KARASEK. University of Waterloo, Waterloo.
Onlario, and WALLACE D. KILPATRICK and MARTIN J.
COHEN, Franklin GNO Corporation. P.O. Box 3250. West
Palm Beach, Fla. 33402

Anal. Chern.• 43. 1441 (1971)

An Instrument for Measuring the Hydrocen
Content of Metals

The instrum('nt d(,.5<"nbN in this :trtidc W:IS ~ed 10
IIH'~UT'f' th(' hydrogf'n rontl'nt oi A metal in the range from
0.01 wppm 10 100 wpprn 1wng tl specimen !iu J'l1.D,ging from
0.1 j:f"3rn to 5.0 ~ms.

J. B. CONDON, R. A. STREHLOW, and G. L POWEll,
Union Carbide Corporation. Nuclear Division, a_It Ridge,
Tenn. 37830

Anal. Chern.. 43. 1448 (1971)

Effect of Atmosphere on Spectral Emission from
Plasmas Generated by the laser Microprobe

Si~n31-to-badq,!round f"3tios irom iron and m:\gnNium Mm­

pk:, in :l1)!00. sir, oXYJ:f'n. nitrol«'D. helium. ADd nlcuum
\wn." in\"i:'sli!t:ltNI :It 12.3.6. and 8.0 mJ ~r ('nergy lc,*cls.

WILLIAM J. TREYTl, KENNETH W. MARICH, JAMES' B.
ORENBERG, PETER W. CARR, D. CRAIG MIUER, and
DAVID GLICK, Division of Histochemislry. Department at
Pathology, Slanford University School of Medicine. Stan­
ford, Calif. 94305

Anal. Chem., 43, 1452 (1971)

Improved Enzyme Electrode for Amygdalin

An I'DIYUH" f'l('('trode rt's}l(lUsh·(' to :mlY1:ds.liD is roo.structcd
hy illll1lohiliz.iu£:,: 1he- ('n.~·me- p~)ucosida.sc in S pol~·ftcryl.

:unidl' ~t~l b~·('r on 1ht.' surf:tre of :l cr)~tal mt"rnbrane cya·
Ilidf' f'IN'trod('o

R. A. llENADO and G. A. RECHN/TZ. Department ot
Chemistry, State University of New Yorl<, Buffalo. N. Y.
14214

Anal. Chem" 43. 1457 (1971)
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Membrene Probe-Spectral Emlilion Type
Detection System for Mercury In Water

M('rcury compoun,l.8 arc reduct"d to UK" nnd diff~d throul(h
B nlbhcl' ffif'lllhrnnr into B helium J(fUI stn-nm. Ullin" n de
dischR~C lind thr 2b37~A line," ppt or 0.4 nil; JIg i.s detected.

ROBERT S. BRAMAN, Departmant of Chemistry. Univer·
sity 0' South Florida, Tampa. Fla. 33620

Anal. Chem.. 43. 1462 (1971)

Direct Enthalpimetrlc Determination of OIefins

Diff'C( injection rnlhnlpim{·tt)', laking nd"llnlagc of the hent
of hyttro~f'nfllion of oh'fin~ on Pd. penniu their rapid dc­
t('nllinlltion in (Iu!\ntiti('~ of 1-100 ""molC'!1 with nn error of

1-2t;'t.

DONALD W. ROGERS, Chemistry Department. The Brook·
Iyn Center, long Island University, Brooklyn, N. Y. 11201

Anal. Chem.. 43. 1468 (1971)

Automated Data Acquisition System and Computer
Analysl. for Sedimentation Equilibrium Experiments

;\0 flutOIllBh·d datn RCfjuisition !yilt('Ol nnd computer analy­
rlis. which ("au be UM'd with n ..... ide nUlcty of 5<'dimrnting
systems nl S('(ltmrntntion l"quilibrium. BT"l' dc!lCribcd.

A. C. BECKWITH, H. C. NIEl.SEN. and R. O. BUTTERFIELD.
Northern Regional Research Laboratory. Northern Market·
ing and Nutrition Research Division. Agricultural Research
Service, U. S. Department 01 Agriculture. Peoria, m. 61604

Anal. Chem.• 43. 1471 (1971)

Simplified Rapid Procedure for Determination of
Agmatine and Other Guanidino·Contalning Compounds

Df'scrilH-d i! :L l'olorimC'tric I'roN'dun~ applicable {or routine
Inhor:\tory df'tf'rminntiollit of nJ:tnatinc in th(' (In'.~('n(''(' of
nr,;ininf" lind Cluftntitntion of lIfWl!\tinf' nnd othn ~uanidino­

t·ol1l11ininf.: compollnd~ hy this tnNhod.

MILLICENT C. GOLDSCHMIDT and BETTY M. LOCKHART,
Department 01 Clinical Pathology, The University of Texas
M. D. Anderson Hospital and Tumor Institute at Houston,
and The University of Texas Graduate School 01 Biomedi.
cal Sciences. Houston, Texas 77025

Anal. Chem.. 43. 1475 (1971)

On· line Interactive Data Proce..ing. I. As Applied to
Ma.. Spectrometry and Gas Chromatography

An on.1iIlf' intt'ructi\'{' romilUIN i'l.nollC'nl wilh un o.o;;eilll)...~pic

tlispln:r If'mlinnl is cll'saib('d. TIl(' nppron(.'h u\k('u nltow~

the cilt-misl to impoN.' hi~ t'XIWrit'llc('d j\ld~llu"nl on the nN
ltntn proct-ssinK pro('('dun....

J. W. FRAZER. L. R. CARLSON. A. M. KRAY. and M. R.
BERTOGLIO. Lawrence Radiallon Laboratory. Universily of
California, LIvermore. Calli, 94550. and 5, P. PERONE,
Chemistry Dapartment. Purdue University, Latayette. Ind.
47907

Anal. Chem.• 43, 1479 (1971)

On·Une InteractiYe Data Proceulnl- II.
Proc...lnc Vottammetric EJec:trochemlcaJ Data

This work ithatratl'l the application of a computerized in·
tcrncti\'c proccying I),.tem to arnglc-tweep and C)'clic-cweep
voltammctric data.

S. P. PERONE. Chemistry Department, Purdue University,
Leteyette, Ind. 47907. and J. W. FRAZER end ARTHUR
KRAY. Lawrence RadiatIon Laboratory, University of ClII·
fornia, livermore, Calif. 94550

Anal. Chem.. 43. 1485 (1971)

Molecular Interactions of Asphalt. Tentative
Identification of 2.quinolones in Asphalt and Their
Interaction with Carboxylic Acids Present
HydroJ[cn.oonding QS:M)Ciation between 2-quinolone5 aDd
cnrbox)·ltc acid.! in Mphtllt wu studied by infrared spcctrom·
('try using :1 llilylation reaction. Solvtnt effects on hydro­
((cn-bonding comptexMl and carbonyl compounds are dem­
onstrnted.

J. C. PITERSEN. R. V. BARBOUR. S. M. DORREHCE. F. A.
BARBOUR. and R. V. HELM, Laramie Energy Resurch
Center, Bureau of Mines, U. 5. Department ot Interior,
P.O. Bo> 3395. University Station. Laramie. Wyo. B2070

Anal. Chem.• 43. 1491 (1971)

Notes

Application of Rapid Infrared Spectrometry to
Air Pollution Research

Compo:;sition of !l gas strelUn 'K~ rontinuotWy monitored.
in.lint-. upstrNI.Ol. and downstrt'tLm irom A reaction \'C!ll!!el
by infrnred 5JX'ctrometry. Sulfur dioxidc conrent.rations
wert' dNf'mlinN ~ low as 200 ppm.

JOSEPH R. COMBER/ATI. Morgantown Energy Research
Center, Bureau of Mines. United States Department ot the
Interior, Morgantown. W. Va.

Anal. Chem.. 43. 1497 (1971)

Analysis of Deuteriobenzonitriles by Carbon·13
Nuclear Magnetic Resonance Spectrometry

Thf" u~ of uC matmNiC rt'SOnanee to determine thr qwWLS­
tive nod qu:mtitativc romposition of deutcrium.crnbstilUted.
oc.nzonitril('s is describNi: comp:ned to ordinat')· proton
mtl;J,::ol'tic rt'SOD!lnC1' tN:'hniques, the mcthod is simpler :md
mort.... uccurntc.

G. L. LEBEL. J. D. LAPOSA, B. G. SAYER. and R. A. BELL.
Department ot Chemistry. McMaster University, H.mitton.
Ontario. Canada

Anal. Chem.. 43. 1500 (1971)

Differential Reduction and Atomic Absorption
Determination of Selenium

Thi;i puper lu'('S£'nts n t('('hniquc for the quantitath'c st'pan.
lion of scl('nium from impure materia13, and its ditlerentis.l
det('nnintllion by hydnuin(' sulfate reduction and atomic
ak"Orption mNlSlU'CI1U'nt.

WLAD/SLAW REICHEL, Canadian Copper Refiners Limited.
Montrea' East, Quebec, Canada

Anal. Chem.• 43. 1501 (1971)

ANALYTICAL CHEMISTRY. VOL. 43. NO. 11. SEPTEMBER 1971 • 17 A



DETERMINE LEAD

AT THE

PART-PER-BILLION LEVEL

-0.2 -<1.3 -OA -0..$

POTENTIAL [E .••. S. C.E.]

-()7-0.•

LEAD IN BLOOD
NORMAL LEVEL

LEAD IN BLOOD
TOXIC LEVELT

'00'"
1

..J
<z
C>

'"

For example, the above curves show the ability of the
PAR'" Model 174 Polarographic Analyzer to accurately
determine lead in blood, Blood samples of 50 "I can be
employed and lead concentrations well below toxic
levels can be easily. determined.

But if you're not interested in detecting lead, it's
important to note. that the 174 can analyze hundreds
of different materials as well, including organics, in­
organics and other trace metals.

The PAR'" Model 174 Polarographic Analyzer is the
only instrument in its price range to provide this capa­
bility. Its part-per-billion sensitivity permits accurate
simultaneous qualitative and quantitative analyses to
be performed. Low initial and operating costs and ease
of operation make this the instrument of choice where
measurements must be performed quickly and easily.

These features have been important factors in appli·
cation of the 174 in the analysis of pharmaceuticals,
pollutants, metallurgical samples and a broad variety
of analytes.

Techniques possible include dc, pulse and differer­
tial pulse polarography, stripping analyses, differential
pulse stripping analysis and linear sweep voltam­
metry. Accessories permit dual cell differential opera­
tion, ac polarography and other useful techniques. A
complete line of cells and electrodes is also available.
Price of the 174 is $2250 including mechanical drop
timer. Contact P.A.R. for the latest information about
how this versatile instrument l:illl imprOVf! your ana­
lytical results, Phone 1609) 452-2111 or write Princeton
Applied Research Corporation, Depl. A , P.O. Box 2565,
Princeton, New Jersey 08540.

~PJUNCETONAPPUED RESEARCH CORPORATION

~ CIRCLE '66 ON READER SERVICE CARD
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Fillers for X·Ray Spectrometry Prepared by
Thin·Layer Electrodeposition

The prepnrntion of X-ray filters by clcclrodcposition of
metals onto pyrolylic grnphilc is described. Such filters
han' high uniformity nnd stability. nnd cAn be produced in
precisely controlled thicknesses.

BASIL H. VASSOS, ROLAND F. HIRSCH, and DONALD G.
PACHUTA, Chemistry Department, Seton Hall University,
South Orange, N. J. 07079

Anal. Chem., 43, 1503 (1971)

Hydrated Porosity Macroreticular Cation Exchange
Resins via Nuclear Magnetic Resonance

The hydrated porosit~· of n mncrorcticulnr cntion exchange
rcsin has been obtaincd ,"in KMR. The dry porosity has
been obwincd "ia cOlwcntional techniques. The diroct of
resin swcllin/o{ on lhc h:nlralcd porosity is (:onsidercd.

L. S. FRANKEL, Rohm and Haas Company, 5000 Rich·
mond Street, Philadelphia, Pa. 19137

Anal. Chem.. 43, 1506 (1971)

Ultraviolet Refractive Indices of Aqueous Solutions of
Urea and Guanidine Hydrochloride

Hcfracti,·c inc!f'x da13 down to 1950 A :lrC rcporlNI for aquc~

OilS solutions of m('t\ :lnd ~llfmidillf' hnlrochloridc. Com­
parison with :\n •• valu('s Imd with ,"altl~s reported at 2655 A
gin" nn C'xpcd ....d error of 0.6 to asS'c.

J. R. KRIVAC/C and D. W. URRY, Division of Molecular Bio·
physics laboratory of Molecular Biology, University of
Alabama Medical Center, 1919 Seventh Avenue South,
Birmingham, Ala. 35233

Anal. Chem., 43, 150B (1971)

Determination of Mercury by a Combustion Technique
Using Gold as a Collector

TIlf'T1nnl dt'('oll1posiiion oi mereury-cont!linin~ substances
:tllow:; men'lIT;'· to IJp ,·ol1 ....ctf'd on a J,!old-eoatcd substrate
for ~uh:-:('CI\J('ncc :l.llfily::is. Ttll' rpsuils arc compared with
tho~e oblailll'c1 hy o<'utron actin'\tion and ntomic llbsorption
ll1cthods.

D. H. ANDERSON, J. H. EVANS, J. J. MURPHY, and W. W.
WHITE, Industrial laboratory, Kodak Park Division, East·
man Kodak Company, Rochester, N. Y. 14650

Anal. Chem., 43, 1511 (1971)

High·Speed Ion Exchange Chromatography of
Several Monosubstituted Pyridine Isomers

Rpsults n.re prt's('ntcd (or thp srp:mltion o( scveral mono­
i:illbstitutN! pyridine isomers nnd HlP qUllntitation of the
three isollwric c.,"anoflyridines. Relath'e standard dcdation
is ahoutltft.

CHARLES P. TALLEY, Merck Sharp & Dohme Research
Laboratories, Rahway, N. J. 07065

Anal. Chem., 43, 1512 (1971)

Determination of Water Associated with Metal
Chelates by Gas Chromatography

Either a direct method, in which the chelate solution and
the blank water.gaturntcd soh-ent solution nre injected sep­
nrately, or a differential method, in which the chelatc and
blank llrc injected simultaneously through two identical
columns of a dual channel instrument, can be used.

DENNIS GAEDE and CLIFTON E. MELOAN, Department of
Chemistry, Kansas State University, Manhattan, Kan.
66502

Anal, Chem., 43, 1515 (1971)

Gas Chromatographic Separation and
Determination of Isomeric Methylbenzene
Tricarbonylchromium Complexes

The CC separation and detennination '!>{ isomeric di-, tri-,
nnd t('trl\-mclh~'lbcnzene tricarbonylchromium complexcs is
reported. All of the complexes were determined pyrolyti­
cnlly on II SCOT column. The trimethylbenzene complexes
were determincd without decomposition on a packed col­
umn.

JANET S. KELLER, HANS VEENING, and BENNETT R.
WILLEFORD, Department of Chemistry, Bucknell Univer·
sity, Lewisburg, Pa. 17837

Anal. Chem" 43, 1516 (1971)

Polarimetric Studies of Alkali Metal Ion Complexes of
'·trans-l,2-Diaminocyclohexane·N,N,N',N'·
Tetraacetic Acid

TIl£' intf'Tnctions of the alkali mctal ions, lithium, sodium,
polnssium nnd cesium, with l-tran$·l,2-dinminocyclohex·
ane-N.N,N',N'-tetrnacetic acid nrc investigated over the
pH range 1.5-13.5.

JAMES D. CARR and D. G. SWARTZFAGER, Department of
Chemistry, University of Nebraska, lincoln, Neb. 68508

Anal. Chem., 43, 1520 (1971)

Titration Errors in Chelometric Titrations Employing
10n·Selective Indicator Electrodes

The error in chclometric titrations using ion-selectivc indi­
calor electrodes is less than 1% when sample ion concentra­
tion ~ 1O-~, Illetnl-complex dissociation constant ~ 10-', nnd
potentiometric interference level ~ 10 l.

FRANKLIN A. SCHULTZ, Department of Chemistry, Florida
Atlantic University. Boca Raton, Fla. 33432

Anal. Chem., 43, 1523 (1971)

Automated Method for Determination of Mercury

An automated "ersion of the cold vapor atomic absoJ1ltion
techniquc for mcrcury nnulysis is described. The method
allows 22 samples to be analyzed per hour with good nc­
cur:H:y and precision.

B. W. BAILEY and F, C. LO, Division of Laboratories and
Research. New York State Department of Health, Albany,
N. Y. 12201

Anal. Chem., 43, 1525 (1971)
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Unequaled system sensitivity-Smicrovolts full scale
FULL SCALE RANGE:

.01 millical/sec/inch at 0° C system temperature.
Pressure operation 10-'2 torr to 3000 psig.

Temperature ranging from ·160° to 1800° C.

COMPLETE RANGE OF SAMPLE HOLDERS:
Ring or post type TIC.

Pressure from 3000 psig to 10' torr.
Temperature from ·160° to 1600° C.

Single and dual sample capacity.

151:
COLUMBIA SCIENTIFIC INDUSTRIES, INC.

ANALYTICAL & INDUSTRIAL DIVISION
p. o. Box 6190, Austin, Texa, 7B702 Telephone 512/926-1530
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How good can a
$5,985* NMR system be?

Take a close look al the crOlonaldchyde spc.."ClrUI1l on this p:lgC ~nd

you'll see that tht: 10\\,·COSI E~1·JOO Spi."Ctromelcr IS more than cJpabk: of pruduclIlg
high resolution n.-sults.

There an:. of course. many reasons why more than 60 lIlduslrlal Jnd ;lcJdcllllC

uscrs have alreadv s<lwed lhe E~I·300.

One reaSlll1 is that wilh ollr built-lIl ilHq;r:Hor ynu call pc:rform qUJlltlt:lll\'C

analysis. Another IS the fact lhal you Gin haw calibrated SPi."Clr3 as J n:sult of
the EM-300's calibrated sweep and linear n:adoul \\ 11Ieh can be rdcrl'nccd to an~

particular peak.
For morc Informmion on the E~l<~OO. Includll1c more than 20 rcprc~l'nlatt\'c

spectra from our EM-300 reference boo. \\hich co\'Crs 1:'0 compounds. call (415)
326-4000. Or wrile Varian Anaspc",!. 611 Hansen IVay. Palo Alto. California 94.10.1.

·S.27U \I"i'/lIl11t rl,,',mJt'r

Crotonaldehyde
o

II
H C-H, /

C=C
/ ,

H,C H

@varian anaspect

~ I~ ....,-,_1_41A
f
~"~'lrVI"~ V"'/\'I",A~-II_T_I_I_1---'1)

ppm 10 9 8 7 6 5 4 3
1 I 1

'"See all 3 Anaspect Instruments at the National ACS Meeting in WaShington D. C. September 14.16,"
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The following spectrum is brought
to you by the new EM-600, a medium
resolution mass spectrometer system
that costs a mere $6925:*

mIt· 28

(2. 4-0ichlorotoluene Spectrum)

Before leaving, we might mention that the 60° sector.
magnetica'lIy scanned EM-600 is a complete, easy-to-use
system which also features a heated inlet for volatile organic
compounds up to mass 330 or higher and linear mass readout.

For complete details or a demonstration,
call (415) 326-4000 Ext. 2207. Or write Varian Anaspect,
611 Hansen Way, Palo Alto, California 94303.

·S62JOwithoulrecorder @varian anaspect
CIRCLE 194 ON READER SERVICE CARD
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The new 7610A GC brings the benellts 01
eulometlon to high-elliciency ge,
chrometography ... lor the repetitive
enaly,ls 01 drugs and pesticide residues
where the economic payolf Is large and
Immediate ... for unique biomedical
research where automation can Improve
analytical precision by an order of
magnitude.

Because the 7610A Is a completely
modular Instrument, you can order It
Initially with a bare minimum of equipment
and build It up, ono step at a time. 8S the
need for automation arises and your
expense budget permits. You use standard
HP accessories that are completely
compatible: all you do is plug them In.

Automatic oven cooling. All 7610A's
have this bullt·in feature which Is
essential for fully automatic operation.

At the end of any programmed run, the

programmer turns on a blower, forcing

cool air Into the oven and exhausting hot
air through a rBar vent. until the oven has
cooled and re-equilibrated at the star1lng
temperature.

Automallc sample Injecllon. The new
7671A Aulomalic Sampler installs directly
on the 7610A and makes its unattended
use possible around the clock. It

completely automates sample
measurement and injection for as many
as 36 consecutive samples and
synchronizes oven cooling and the
operation of integrator and recorder.

Automatic data handling. The 7610A is
completely compatible with HP Series
3370 Integrators and the 3360A GC Data
Processing System which automatically
prepares a full analytical report for each
sample, including component name,
retention time and % concentration. The
3360A System is completely programmed
for GC and handles as many as eight
instruments simultaneously in real time.

A state-of-the-art instrument, the 7610A
perlorms difficult analyses as no other GC
can. The many reasons Include: all-glass
system, on-column injection, low dead
volume design, four-column five-detector
capability, flow conlrol for up to 16 gases,
feedback temperature control for all
detectors and heated zones. Get the full
story from the nearest HP sales office or
write for Bulletin 7610. Prices start at
S6405. Hewletl-Packard. Route 41,
Avondale, Pa.19311.ln Europe:
1217 Meyrin-Geneva, Switzerland.

HEWLETT~ PACKARD

ANALYTICAL INSTRUMENTS
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IiIl ln April 1971, Fabri·Tek Instruments, Inc., changed its
name to Nicolet Instrument Corporation. Personnel,
products, ,ervlce

b
contraclual obligations, and the ad·

dress and telephone num er remain the same. We appreciate

r~~[ ~:~~,~~t1~~1:u~e~1b8~~~r~~f~~U~t~~~; Ir~~d:~~ ~e~~r~Ji~~
your signal averaging/data processing problems.

5225 Veronl ROld. Mldbon, Wisconsin 5371 t
Phone: 608/27t-3333 TWX: 910.286-2713
ctormerly Fib'"Tek InstNmenti. Inc.)

NICOLET INSTRUMENT ClMIPlMIAlDI

..~•••

a Sipal Cloditloeilll includes difl...1l­
tial amplifier input, d.c. level adjust·
rnen~ and adjustable l24 position)
4-pole Butterworth filterine.

a p,....II post....... delays are frunt
panel selectable for optimal dati collec·
tion efficiency and spflHpin ..IUltion
'tudies.

• Systeutlc _1st rtUctil. technique
makes practical experiments requirinl
5OO,DOD or more sweeps.

Complete 1D80 Systems with 8K of
memory start at $26,800. For lull
details write or call collect to discuss
your specific HMR dati ptVblems.

a HanI.are ...ltiply/lliYide .... bit·
IDYersloD ICceuory increases 1080 m
processing speed by a factor 01 6.
• Software pack... includes automatic
baseline correction, exponential filtering
for sensitivity or resolution enhance-­
ment. apodization to minimize distortion
due to Iruncation .ffects, fast Fourier
transformation of free induction decay
data, rotation of real and imaginary
ales for phase correction, integration or
background subtraction 01 spectra, and
expansion 01 displays for detailed
observation.

a Dati rudo.t is via oscilloscope, X·Y
plolter, ASR.J3 Teletype, or computer·
compatible magnetic tape.

a Data memory is explndlbl. to 32K
in 4K increments. Buy memory as you
need it-software does not change.

a 2D-bit word length .liminates
memory· and time-consuming double
precision data storage.

a Plul·ln ..odul.. for analog·fO<ligital
conversion and for sweep and time base
control provide versatility to meet
today's and future requirements.

• Combination of stored prOlram IDd
wl..d program techniques yields compu­
tational flexibility with speed and
accuracy.

CIRCLE 136 ON READER SERVICE CARD
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The
ADVAIICES
III
CHEMISTRY
Series ...
Excellent'ReVlews In BoOk FOrm
01 IP8CIlllled chemical TOPICS

For comprehensive reviews of all the im­
portant aspects of a chemical subject".
read the books in the ADVANCES IN
CHEMISTRY Series,
Ranging up to 750 pages in length,
ADVANCES volumes include, ..

• Authoritative, thought-provoking arti­
cles by as many as several dozen scien­
tists per volume.

• Carefully compiled collections of data.
• Groups of related papers presented at

important national and international
symposia.

• Invited reviews of current work written
by researehers eminent in the field dis­
cUlllled.

With the ADVANCES you learn about
brand-new chemical subjects ... and bring
yourself up to date on familiar chemical
topics. The numerous scientists contribut­
ing to each volume provide you with
stimulating reading enriched by a variety
of viewpoints. And the ADVANCES bring
material together under one cover which
would otherWise be scattered among many
journals ... or not cwailable at ail.

• • . Put chemical ~pics of interest to you' in
proper pe1'8pective. Rend the ADVANCES
IN CHEMISTRY Serie8.

The order form lists the 20 most recent
titles in the ADVANCES IN CHEM­
ISTRY Series. Use it to order your
ADVANCES 1IOW.
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USE THIS CHECK LIST
WHEN YOU NEED

A LOW COST
LOCK-IN AMPLIFIER

o CHOICE OF WIDEBAND OR SELECTIVE FRONT END
The simplicity of wideband design will prove helpful in some
applications. However, when noise or harmonics of the
signal must be suppressed, the ability to switch in high
and/or low pass filtering can be extremely important.

o INTERNAL OSCILLATOR
Having a built-in voltage-controlled oscillator enables you to
simultaneously modulate your experiment and drive the
reference channel of the lock-in. The VCO is also useful
for general laboratory work.

o PLUG-IN, LOW-NOISE PREAMPLIFIERS
Plug-in preamplifiers provide a low-cost method of matching
the lock-in to the experiment and optimizing noise perform­
ance and sensitivity. With an extender kit. preamps may be
located away from the main frame of the lock-in close to the
signal pickup, to minimize noise, hum and stray capacitance.

o BROAD FREQUENCY RANGE
A lock-in with on extremely wide operating range is suited to
both low frequency applications [such as those using thermo­
piles] and high frequency expcriments (such as EPRJ - on
important consideration for present and future requiremcnts.

range, VCO output to 10 V rms and many othcrs bor­
rowed from our top of the Iinc Model 124 Lock-in.

You'll find that the Modcl 126's signal processing
capabilities surpass those of any competitively­
priced instrument. For complete information, writc
or call "The Lock- in Peoplc" at Princcton Applied
Research Corporation, Box 565, Princeton. Ncw
Jersey 08540; telephone (609) 452-2111.

~"NO=Nmu," ~""NOO'..""ON

'26
CIRGLE 157 ON READER SERVICE CARD

If you're investigating lock-in amplifiers, you're
probably weary of the' old price/performance com­
promise. Consid.er our Model 126 which costs less
th~n $2,000, including differential preamplificr. It's
the one lock-in that provides real versatility for
people locked into. a tight budget. Features includc
wideband or selective front end, a choice of four
plug-in preamps to provide sensitivities down to
10 nV full scale, a special preamp for measuring
currents to 10'" A full scale in photometric applica­
tions and capacililnce studies, automatic frequency
tracking of the reference signal, 0.2 Hz to 210 kHz
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Packard
brings new

features,
ease and

versatility to
U~lulDn

Gas
Clircnnatography
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a certain moment, (t + .) I the de­
villtion will equal

Y(t + T) ~ Y(t) ·e-·/r• (1)

where 7'. is tllC dominllting time
constant.

Even in systems which are not
Iinellr for large changes of the in­
put qunntity, Equation I enn olten
be applied. Because most processes
in industry Ilre not completely e1m­
otic, the chllnges Ilre very often
smllll enough to lrnnsform n differ­
entilll cqulltion 01 higher order into
n lincur onc.

When there Ilre Il grent number of
rllndom disturunnccs ncting on a
liucllr process, the resulting lluctun­
tion pllttern (Figure I). ellu be de­
scribed by two parameters, u, and
T.. u. is the st"ndnrd devintion 01
the Gnussinn-distributed difference
betwccn the Iletulli \'nlue 01 the
process qunntity nnd it<; a\'crnge
\'nlue. The \'nlue 01 u. is Il men­
sure of the ll\'Crnge nmplitude of the
process lluctuntion. The vnlue of
liT. is Il mellsure of the frequency
bnndwidth of the process lluctua­
tion.

l! ij(t) clescriues the "nlue of the
process qunntity llS n function of
time, then it follows:

Y(t) = ij(t) - ij(t)

Y(i) = 0

u.' = [Y(t) - Y(t)J' = [Y(I»)' (2)

The \'Idue of T. follows from 1I enl­
cuilltion of the autocorrelation func­
tion, .p(T), which is given uy defini­
tion in Equation 3:

.p(T) = Y(t)· Y(t + T) (3)

.p(.) is clllled the llutocorrelntion
lundion beclluse it correlates the
vnlue of Il signlll Ilt Il certllin time
with the value of the Sllme signal
at a time T earlier.

For T = 0, it follows from Equn­
tion3that:

4>(0) IY(t)]' = u.'
For slIlnll vnlucs of T, it some­

times hnppens thnt Y(t) and Y(t +
T) hllve opposite signs (whero the
signnl crosses the zero axis).
Mostly, however, Y(t) and Y(t +
T) hnve the sallie sign, so thflt. for
small values of T, the value of 4>(T)
will be a little less than u.". For
larger vnlues of T, ehllnces nro in-
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IY(I + T,)]'
r 2 =

[1'(1) J'

"'·todel 135 - internal baller)' power
supply and off-ground operation.
5875

Address _

Oraanlution _

T,lIe _

New family of P.A.R.

ELECTROMmRS

Phone .JJJ!))

i--=

• •
Model 134- extended vollage. cur­
rent. charge and resistance ranges,
5615

'P PRINCETON APPUED
~ RESEARCH CORPORAnON

Box 56S.Princelon. New Jersey 08S40

Gentlemen:
o Please send electrometer

brochure.
o Please have 0. P.A.R. applicatioDs

engineer contact me.
No"'" _

- ..- ~-~

• •
Model 136 - digital display and BCD
oulput. $995

• Zero slabilitr <500 p.V/2<t hrs;
<75 I£V/oC: lO·'i AJ2-4 hrs

• Current offset <3 x 10-1\ A
• Sensiti\'ities to 1 mV FS
• Overload up to 600 V on all ranges
• 30 ,.V pk-pk "ohage noise
• Cuarded input circuits
• Full line of accessories

Cily _

Slate llp _

(13)

with
T, - .-(T,l.n', (8)

(m,). - .-(T,lolT, (9)

(m,). - .-(T,J./T, (10)

The relatioll8hip between the
controllability factor and the sam­
pling frequency can be approxi­
~atcd as follows: Suppose we
sample at a coll8l.ant time interval,
T" and there is no other dead time
in the control loop. Now if we want
to correct for the process deviation
just before sampling we have to
predict over a time, T., while if we
wnnt to correct just after sampling
we need make no prediction. On
the average we have to predict over
a time, T.n, so that a sampling
time T. is analogous to a dead time
of T./2. So by approximation, the
controllability factor will equal

T = m. ~ .- T./2T. (11)

Because intermittent sampling has
the character of dead time, it is
clear that when there are also dead
times (T,)" (T,) .. Rnd (T,). pres­
ent in the control loop, the total
controllability factor will be given
by

r = r,' (m,).· (m,).·m. (12)

In his original paper, Van der Grin­
ten (5) also derived a relationship
between the controllability factor
Rnd the reproducibility of analysis.
This relationship is given by Equa­
tion 13:

Roport for Anolyt!cal Chemists

"·fT.m.~ 1 - - -
u. T.

The value of Ill. is a function of the
signal-to-noise ratio, which aver­
ages a.la... However. na. is also a
function of the ratio between the
frequency of the noise and the fre­
quency of the signal. If the ratio of
frequencies is large, it is possible to
construet a simple electronic filter
whieh blocks the noise of the ana­
lytical apparatus and lets the signal
through. Then even with a high
noise-to-signal ratio, a reproducible
measurement can be e.xecuted.
With intermittent .sampling, the
frequenoy of the noise equals liT,.
When all effects, sueh as dead time,
intem1iUent sampling, and limited
reproduoibility are present, the to­
tnl controllability faotor will be
givon by

(6)

(7)

r1 = e- 2·T4/ T•

r _ e- T4IT•

Dead time of sampling, (T,),­
i.e., the proCC8S time between the
point where the sample is taken
and tilC point where the correc­
tion is made.

Dead time of sampling, (T,).­
i.e., the time between the mo­
ment that the sample is taken
and the starting point of the
analysis.

Dead time of analysis, (T,).­
i.e., the time between the starting
point of the anlllysis and the mo­
ment that the result is produced.

SlimpIe frequency
Reproducibility of the analysis

The effect of dead time is illus­
trated in Figure J. At time J a
sample is tllken from the process
stream. The sample is sent to the
control laboratory nnd analyzed;
the result is calculated and sent
back to the operator in the plant.
At time A the operator acts upon
the process. Howe"er, in the time
T" the total dend time between the
moments I nnd A, the devintion of
the process quantity from its nver­
age value hns heen changed. This
chnnge can be predicted using
Equntion 1. This equation says
that if one measures at n certain
moment, I, n de"intion, yet), the
most prohahle vlllue for the de"ia­
tion lifter n time, T" will be

And using Equation 1:

Y(t) .• - T,/T.

This is the IImount of the original
deviation Y (t), thnt can be com­
pletely reduced to zero.

From Equations 2 and 5, it fol­
lows:

The dead time, T" is the sum of
the separate time delays in the con­
trol loop according to:

T, - (T,), + (T,). + (T,). + ...
Substituting this into Equation 6
will give:

CIRClf 160 ON R£ADO SERVICE tAlD
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Figure 2. Part of a process for the production of 8 fertilizer

o

KAS23

could, therefore, define 111,., also as
the 31nounl of information trans­
mitted by the appli,,' anlllytielli
techniquC',

Summarizing, we sec that with
Equlltion Iii we enn qUllntify the
amount of information produced by
the 1I11l11yticni technique. With
Equalion:s 2, 3, and 4 we can qUl\ll·
lify the pron'ss, which is the f('.

(·(,'jy(·r of lhe analvtiral information.
This theory Clln 'be applicd to lIny
linear process in which the flurtun·
tioll is (1nus.:sinn in nature.

III the following pllra~raph" the
procedure for sc)ecling an optimum
lIlIlllyticlll teehnique is applied to
u prohlem thllt we har! in our plllllt
and that we could solYC Sll('('(':::-;­

fully. The reason for showing u
special uppliclItion is twofold:

It demonstrates clearly the pro­
posed procedure.

One cannot quantify infonna­
tion without eonnectin~ the
Joiource and lhe receiver. I II other
words, to qunntify the informu­
tioll of the unlllyticltl technique,
we have to connect the pllfllm·
eters of the unltlytienl te,",lIlique
with the purnmeters of the proc­
ess.

Anllysls 01 • Proce..
Figure 2 shows the Illst I'urt of n

process for mnking I(AS-23, one of
our nitrogen fertilizers. (KAS-23
is II mixture of NH.NO" lind
CaCO.; the NH.NO" is produced
in the first purt of the process, which
is not shown in UIC figure.)

~
IPRILLINGITOWER

r = r.· (111.).- (111.).' 111.' 111. (14)

That part of the controllability fac­
tor which is detennined by the ap­
plied analytical technique is given
by

111... = (111,),'(111.).'111,'111. (15)

We have already seen that the con­
trollability factor is rein ted to the
reduction of the average amplitude
of the process fluctuation. If there
is no dead time in the process, it
follows from Equation 5:

cr. = cr.' v' I - 111..,' (16)

So the reduction of the amplitude
amounts to 100%,56%,13%, and
0% for 111.., values of 1,0.9,0.5, and
0.0, respectively. The reduction
apparently decreases rapidly with
decreasing values of 111..,. From
Equation 15 it follows that the
maximum value of m lot = 1, cor·
responding to a maximum reduction
of the amplitude.

There is some analogy to sending
a cable message. If you just send
enough words so that the receiver
can completely understand your
message, you have sent the maxi­
mum amount of infonnation and at­
tained a 100% reduction of the un­
certainty of the receiver. You can­
not send more infonnation by send­
ing more words because the receiver
already knows everything he needs
to know. If you send. fewer words,
the reduction of the uncertainty of
the receiver rapidly decreases. We

Take
the
bother
out of
pH
measure­
ment
This combina­
tion pH and
reference
electrode
seldom Of
ever) needs
to be
standardized.

Never needs
to be refilled.

Think of
the time that
it will save
and irs
guaranteed!

888 combination pH·reference elec·
trode. Each $68.00

QUANTITY PURCHASE ORDER NO.

c=J I I
SHIP TO: _

.........................•---

BIU TO:.---,,..--~_::__...,...,...-:_
Send for free full line lab equip·
ment catalog.

To order: Mail this ad directly to
Markson or use it to communicate
with your purchasing agent.

MARKSON SCIENCE SUPPLY
Box 767, Del Mar, California 92014

telephone 714-75H500.....................................
ORClf 125 ON READER SERVICE CARD
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1000

Activation
analysis

>...
"~ DSM
~ 100 Automated

" analyzer
:E
':;
'"

i Technicon
AutoAnalyzer

I techniques for

(-.I< ... '"
0.32 0.99 0.24

0.84 0.97 0.65

0.51 0.79 0.92 0.58

o.~ 0.86 0.85 0.58

0.8 Q.89 0.83 0.59

0.17 0.93 0.99 0.74

0.64 0.98 0.88 0.69

value of 66 min. The factor m.
follows from Equation 13, substi­
tuting for u. II vlllue of 1.2% nitro­
gen. We have already seen that m.
depends upon the sample frequency
1/7',. The III. factors of Table II
lire cllicuillted for 1I sllmpling fre­
quency of 2 samples/hr. This
means thllt T, = 30 min. From
Equation 11 it follows that in this
case III, = 0.80. The tolal infor­
mlltion produced by the lInlllyticlll
technique, excluding dead time of
sampling, is nz. = (m')a . m•. m.
and is indicated in the last column
of Table II.

The following remarks can be
mllde about the techniques:

(I) The clnssical distillation
produces the lcnst amount of in­
formation in spite of its high re­
producibility. This is caused by
the large dead time of analysis.

(2) In the DS~I aulomalcd
distillation we have sacrificed
some reproducibility to speed up
the analysis. The total informa­
tion has been increased dramati­
cally in comparison to the man­
ual distillation.

(3) The Teehnicon AutoAna­
Iyzer has a cost ad"antage over
technique 2 beelluse it can ana­
lyze more different components.

(4) The nitrate-specific elec­
trode is not quite reproducible,
but fllst and inexpensive.

(5) For the measurement of a
ratio with X-ray 'diffraetion, no
weighing is required and the
adding of a standard is not neces­
sary. This saves time.

(6) Fnst neutron activation
lInalysis is a powerful technique
-no sample preparation, lind
practically no matrix effect. The
technique is fast lind at the same
time reprodneible. Unfortu­
nately, however, it is expensive.

(7) A nonspecific technique,
such as the measurement of the
specific gravity with X-ray ab­
sorption is, in general, simple and
fast. Although the reproducibil­
ity is not "ery good, the method is
idelll for on-line control.

IIL.---'--'--'-L...l..l..J..JJ.lo---'-'--...L.....L...l-l...u.I.JooL_-'-...J.....J-.......u..J..JIOOO

--+ analyses per day

Agure 4. Costs of some off·line analytical techniques for the analysis of Inorganic
nitrogen (1968)
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Analysis Com VI. Analytlcal Information
The total costs for some off-line

:lIllllytieal techniques are repre­
sented in Figure 4. The costs were
derived from depreciation on in,



Now, Zeiss lets you count and measure
the previously uncounted and immeasurable.

You do it with the Zeiss Micro-Videomat, a unique TV
microscope for quantitative stereometric analysis. With it you
can determine areas, particle cQunts. chord lengths. mean diam·
etefs. numerous gray values, particle size distributions, shape
factors, interior or exterior surface areas, volumes, weights ...
of cells. alloys, ores, plastics, ceramics ... wherever you can
use a microscope.

Here's what this unusual system consists of:
A Zeiss Universal or Photomicroscope with the world's

greatest optics. Any analytical system that utilizes a microscope,
no matter how sophisticated the electronics, cannot be any
better than its optics allow. That's why it's important to start
with a world·famous Zeiss microscope that permits you to use
all methods of enhancing image quality.

A unique Zeiss precision sunning stage. The two available
scanning stages allow, respectively, minimum increments of

0.5 and 10 microns. perform up to 200 steps per second. and
travel 75mm and 25mm in the X and Y directions in several
different scanning patterns, including meander, comb or line.

Much more. A TV camera with a high-performance Ptum­
bicon tube. A TV monitor with control panel that lets you
manipulate images for convenient and speedy determinations.
An electronic console with an analog computer displaying values
on a multi·scale meter or a digital indicator. Provision for off·
line or on-line use with a digital computer such as the Wang
model shown below. All the famous Zeiss accessories and photo­
graphic and analytical altachments-everything you might ever
need fO( qualitative and quantitative microscopy-ean, of course,
be used. For the full story. write carl Zeiss. Inc., 444 5th
Avenue. New York. N. Y. 10018. Or phone (212) 736-6070.

Nationwide Service. ORClf 196 ON RUDEl SlRV1C£ CARD



Report for Anllytlcal Chemists

Optimization
From Figure 3 it is apparcntthat

the cost<; for off-line l.cchniqucs in­
creasc very rapidly with increased
infonnation. It i~ clear that thc
classical distillation meUlOd is of no
valuc in diminishing proccss costs.
Because of the limiting manunl
sampling time of 9 min, the off-line
techniques cannot rendcr more in­
fonnation than II valuc of about
0.65 for 111'0" This amount of in­
fonnation is not yet sufficient for n
slltisfactory Icvcl of process costs.

The completely automated on­
line techniques have virtually no
variable costs, so thcir cost curves
run horizontally. Howcver, thcir
investmcnt Icvel is naturally higher
than that of their corrcsponding off­
line tcehniques. Thc arrow points
indicatc thc mllximum nttainable
information. 'fhe y-ray absorp­
tion technique (indicllted by 7)
produces thc large.t amount of in­
fonnation for the least lImount of
moncy. This is clcarly the l.cch­
nique to be selected. The appara­
tus has bccn installed in a tran.­
port pipe at the pressure .ide of a

vcstmcnts, Illbor, lind ml\inl.cnancc.
Classicnl distillation rcquirc. man­
ual labor, and its total costs go up
liucarly with thc numbcr of analy­
scs. Its cost linc is at thc samc
timc an iso-cost linc, because e"ery
point on it rendcrs thc sllmc price
for onc analysis. Thc points of
inflcetion of the iso-cost line with
the other cost cun'cs indical.c the
nUlUbcr of manual distillation ann I­
yses ncccssary to payoff the invcst­
mcnt of thc indicatcd techniques.

If the samples nrc tnken nt con­
stnnt intcn'als, ench numbcr of
nnnlyscs/dlly corrcsponds to n dcfi­
nite value of T, and therefore to a
definite "nlue or 111, and III., uccord­
ing to Equations 11 lind 13. The
horizontal l\.xis of Figure 4 can,
therefore, be relldily transformed
into an information axis. For the
off-line techniqucs thc dead time of
snmpling is 9 min. According to
Equntion 9, the corrcsponding (III,),
"alue equals 0.87. The (III,), vllluc
was already calculated (Tablc II),
so that III ... follows from Equation
15. Thc results arc shown in Fig­
ure 3. The annlysis costs are rcp­
rescnted by fully drawn lincs.

..... $675.00·

.$420.00·

........ $175.00·

.......... $100.00·

EU-205B, complete system .
EU·205-11, mainframe. 1 V span .
ElI-20G-01, amplifier module .
EU·20D-02, DC offset module

018 calibrated spans, 1 mV to 500 V full scale
o continuously adjustable spans, <1 mV to >500 V
o 15 full scales of suppress on all spans
o 23 chart speeds, 30 in/min to 0.2 in/hr
o modular design for future expandability
o all solid-state
010' chart convertible to 25 cm
o true potentiometric input
o 0.1 % tracking accuracy and linearity
o ±0.2% accuracy
o completely programmable
o 20'/sec writing speed
o 3-position removable writing table
o bench or rack mountable
o disposable pen
o assembled

Order the New Heath EU-205B

lU·20S1 PAlTlAL nsn.. SPECIfiCATIONS: MECHANICAl: Wrltinl 'u,l: 3·posltlons - Yertlcal and 30 Of 45
de,ters from ll'trti~L PtA Uft: Electric; provision for remote control. [lEtT. leal; M..lmum Input Vollll':
500 mV "nll and below, 70 V.; 1 volt ,anllt and above. 700 V. Dnrall 5rst.. ,",cura,,: :=0.2%. Illpul 1m­
,.duu: Potentiometric input (infinite It ~llnu)_ 500 II. ohms olf null on 500 mY ,.n'f Ind below; JO
melohms, 1 volt ran,e and aboyt. [Uel.,eAl ((oaunon t. lIoU, Inell'lId tm uUb"Uon): S.ltched V,rlabl.
G.aJa: Allows full suit U1libration at values between Ulllbr,ltd ranles. Itfetenc:e: Temperature compen·
sated zener diode with tl.OO2%/CO temper~ture stabllily ratlne. Dud ZOn.: Less than 0,1 % of futl sc~Je,

lUI' Dlviller Error: ·:to.1 %. Prulllpilfier ;'111 Ern,r: ::!:O.l % plus :::5 uY Input ollset. GENERAL: Power ••.
lI.lrm.nb: 105·125 or 210·250 VAC, 50/60 Hz, 60 walts. Overall Dlm.nsions: 8~1f H x 17!t'1" W II 13W' D.
with ",riline panel in 45 decree position. I I-E.&TH !

FREE . ~;;T~~;"~~N~~~~~5~~~---"i!Qm.l§i"tW------~
HEATH SCIENTIFIC : ...Ion H..bo" ";<",.n 49022 :

INSTRUMENTATION
I 0 Pluse send free Huth SCientific Instrumentation Ca~lol I
I 0 Please send free [U·205B Brochure. :

CATALOG : H.m. . I

~~~slt~~~~e ,~he::t:ti~;~~~~ : Address . :
Dl,ltJl Instrumen~Uon lib I City StUe 'Ip I
[qull:ll,...ent and Test Equip- I "Mall order prices; FOB factory. -- :

:e:~,S::. for JOur FREE L_~I~t~~~~~f~~~~~~~~~o_c~~~:~~~:~~~_~~~~l
CIRCLf 86 ON READER SERVICE CARD

How to get a $1000 Strip Chart
Recorder System for $675:
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p"mp (point 2 of Figllre 2). Be­
calise this poillt is located closer to
the correction point thun hus bcen
assllllled for the calclliations, the
controllahility fnctor is slightly het­
ler as indicated. In fact, tile pro­
c;esl" CO!its due to fluctuations have
heen eOlllplrlely redllced to zero.
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Nomenclature
ij(1) ~ pru("l~'" fllltUitity

l"(t) ~ l"(t) - ,jet) - ,j(li
9(T) "'" prort.":'l.'I Ullluj'urre!ntiull (uuclillli

=- f'lIl1trullnlJility (al'tnT

tT~ = !o'1:uuJnnl deviation n( the IIIICfllI-

trolled prlll'(......."1 qunntity
= :itnntlard dcviatiull of the C'UIl­

twlled prll('('S.-l ClUfUltity
r~ ." (lWluf tlcsrrilJiuR; the effect of

dcnu time ill the pruc't..~'l

em.). "" fuetor (ur dead til1l(, ill ~l\IIlJllillJ.t

(m.,). = fuclor (ur dcnd lillie ill ttu.· ullnl·
Y:'ii~

m, = (udur (ur :'lllllplc (n.'<lllcltcy

T.

"
"

T.
T.

- (actor (or the reproducibility or
the anaJ)'Iria

- foetor dClScribing the information
produced by tho applied aoo­
Iytical technique, including
dead Lime or AAmpling

- factor tlettcribing the information

Ilroduccd by the applied ana-­
Iyticnl technique, excluding
dead time U( I!-ampling

- dead time
- correlation time of the uncon·

trulled proCCM quantity
- Iime between t "·0 ijAmp1C"
= repmdlu'ihiliLy of anal,)'"!ii",
- :oflandJ\rd deviation o( the aver­

:t.Kl..'iJ, "-H1trulled pw<."C'ie quaIl­
tily

.,. averaging time
"'" eurrelation time o( the oontroUed

prot'e"o-'4 (IUnntit)"

Report for Analytical Chemists

Frank A. Leemans u cumtlmt to
the purchtuing manager of t~ DSM
Co. u·orf.";ng in the field of planning
CHili strategy of raw materiau mp­
pty. He studied at Eindhoven
Technological Univerrity, T~

Xetherlands, where he did hu tltuU
in 1961, under Dr. J. F. K. Huber
and Prof. A. I. M. Keulelllam. He
has been an imtructor in analytical
chemistry at Eindhoven Tecltno/og­
ical Uniuenity, ruearclt tUaOciaU
in engineering at the Lipid Ruearclt
Institute of BaylDr Univerrity Col­
lege of Medicine, HotUtlm, Tez.:
a",1 manager of the .4.utomat1on and
Efficiency Department of the Clm­
trol Laboratories, DSM Co., Heer­
len, The Xetherlaruh.

high performance chromatography on atight budget

MAXIMUM PERFORMANCE CAPABILITY Multi-phasic program control with temperature accuracy to ±O.loC.
Positive Mass Flow Control. UNEQUALLED DETECTOR SENSITIVITY Up to four detectors can be operated
simultaneously. UNPARALLELED VERSATILITY Complete line of accessories of modular design provide
unlimited flexibility. FOUR INJECTION PORTS On-column and/or flash heater injection give capacity equal
to two dual·column gas chromatographs. COMPLETE COMPUTER INTERFACING Wide dynamic range, low
noise, built·in computer terminal in all models. PROVEN DEPENDABILITY Over 10,000 units in operation in
a wide variety of applications. PRICES THAT ARE EASY ON YOUR BUDGET

For more information on the complete line of Shimadzu Gas Chromatography equipment which can be
tailored to fit your exact needs, write to American Instrument Company, 8030 Georgia Ave., Silver Spring,
Md. 20910

Distributed exclusively In North Amerlce by m A/IiIERICAN INSTRUMENT COMPANY. OM'ION OF TRAVlHOl LAIOIlATOlllU.1NC.
CIRCLE lOON HAOER SERVICe CARO
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Perkin-ElmerGC/Mass Spectrometer.
When you want atrace
analysis capability
approaching 10-9 grams.

IMlS)
TOTAL ION MONITOR

TRACE~

CHART 1
IGC)

FlAME IONIZATION
DETECTOR TRACE
~

CHART 2

MASS SPECTRUM OBTAINED FROM INJECTtON
OF SAMPlE CONTAINING 1O-e GMS. Of METHYL STEARATE.

SAMPLE: METHYL ESTERS OF COCONUT Oil

_11,,1.

MI. 241 255 267269

L

The finest GC/MS system ever
designed for trace analysis, it
combines a 1!:l!l! mass spectrom­
eter with the famed Perkin-Elmer
Model 99O-the standard for gas
chromatographs.

It is particularly ideal for appli­
cations such as air and water pol­
lution, toxicology, forensics and
pharmaceuticals.

As an example of how this in­
strument operates, we have re­
produced here an analysis of

methyl stearate.
Note how accurate identifica­

tion is assured by the chart from
the double pen recorder. It gives
an instant side-by-side qualitative
comparison of each compound as
it passes through the flame ioni­
zation detector of the gas
chromatograph and the total ion
monitor of the mass spectrometer.
(Visible proof that what has gone
through the GC is going through
the mass spectrometer.) For com-

plete and accurate identification,
the mass spectrum of each com­
ponent can be run as shown in
chart 2.

Be positive about your trace
analyses with a Perkin-Elmer Gas
Chromatograph/Mass Spectrom­
eter System. Write for full particu­
lars to; Instrument Division,
Perkin-Elmer Corporation, 702
Main Ave., Norwalk, Conn. 06852.

PERKIN-ELMER
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News

gineering Physics Div" NASA, Goddard Space Flight Center,
Greenbelt, Md. 20771

4:05 Role of Analytical Chemistry in Scientific Crime De·
tection. M. J. Pro, Rm. 7575, Alcohol, Tobacco & Fife·
arms Div.• IRS Bldg., 1111 Constitution Ave., N.W., Wash­
ington, D.C. 20224

Section B

GENERAL

9:30 Need for Evaluated Data. S. W. Fenton, Chem. Bldg.,
Univ. of Minnesota, Minneapolis, Minn. 55455

10:00 Technical ConsideraUons and Practical Limitations In
Program for Publishing Evaluated Infrared Spectra. C. D.
Craver. 761 W. Kirkham, Glendale, Mo. 63122

10:30 Precision in Infrared Data for Computer Retrieval.
D. S. Erley. Computations Research Lab.. 1707 Bldg.,
Dow Chemical Co., Midland, Mich. 4B640

11:00 Evaluation and Uses of Gas Chromatographic Refer·
ence Data. O. E. Schupp, III, Eastman Kodak Co., Roch·
ester. N.Y. 14650

RECENT TRENDS IN DETERMINATION OF
MOLECULAR WEIGHT

Section B

EVALUATED REFERENCE DATA: KEY TO
RESEARCH PRODUCTIVITY

A. L. Smith, Presiding
9:10 Nallonal Standard Reference Data System. D. R.

L1de, Jr.. Office of Standard Reference Data, National Bu·
reau of Standards, Washington, D.C. 20234

(Joint with Division of Polymer Chemistry)

M. Ezrin, Presiding
9:10 Ught·Scallering Photometry for Molecular Weight Mea­

surements: Current State-of-the-Art. J. P. Kratohvil,
Clar1<son College of Technology. Potsdam, N.Y. 13676

9:55 Characterization of Extremely High Molecular Weight
Polymers. E. Siagowski, L. J. Fellers. D. Mcintyre, Insti­
tute-of Polymer Science. Univ. of Akron, Akron. Ohio 44304

10:20 Graphical Treatment of Calibration Data in Vapor
Pressure Osmometry. B. E. Hudson. Jr., Esso Research
& Engineering Co., P.O_ Box 121. Linden, NJ. 07036

10:45 Determination of Number-Average Molecular Weights
by Ebulliametry. C. A. Glover. Research Lab.• Tennessee
Eastman Co.• Div, of Eastman Kodak Co., Kingsport, Tenn.
37662

11:15 Application of the -Summalive Fractionation Method
to Determination of M".. iM'. for Narrow Distribution Poly­
mers. F. W. Billmeyer, Jr.• L. R. Siebert, Rensselaer Poly·
technic Institute, Troy, N.Y. 121B1

11:35 Polymer Standard Reference Material Program at Na­
tional Bureau of Standards. H. L. Wagner, National
Bureau of Standards, Washington, D.C. 20234

J. Knoeck, Presiding
2:05 Structure. Bonding. and Fluorescence of Divalent

Metal Chelates of o.o'-Oihydroxyazobenzene. J. Knoeek.
J. A. Buchholz. North Dakota State Univ., Fargo. N.D.
58102

2:20 Fluorometric Determination of Submicrogram Quanti­
ties of Tin. T. D. Filer, U.S. Atomic Energy Commission,
Analytical Chemistry Branch. Health Services lab.. P.O.
Box 2108, Idaho Falls, Idaho 83401

2:40 Synergic Extraction of Iron(lII) as Method of Prepar·
ing Volatile Complexes. J. W. Q'laughlin, B. B. Tomazic,
329 Metallurgy Bldg., Ames. Lab. USAEC. Iowa State Univ.,
Ames. Iowa 50010

3:00 Analysis of Gold in Serum and Urine by Atomic Ab­
sorption. P. A. UlJucci. J. Y. Hwang, Instrumentation Lab.
Inc., 113 Hartwell Ave.• Lexington. Mass. 02173

3:20 Detection and Colorimetric Determination of Amines
with Trinitrobenzene in Dimethyl Sulfoxide. J. A. Vinson,
D. M. Kozak, H. E. Holets, Washington & Jefferson College,
Washington, Pa. 15301

3:40 Computer Enhancement of Weak Porphyrin fluores­
cence Spectra. E. A. Cohen, J. H. Rho, Space Sciences
Div., Jet Propulsion Lab.. Calif. Inst. of Tech.. 4800 Oak
Grove Dr., Pasadena, Calif. 91103

4:00 Use of Nondispersive X-Ray Spedrometer in Scanning
Electron Microscopy. H. Prakash, Pratt Inst., Brooklyn,
N.Y. 11205; K. G. Mayhan, Materials Research Center,
Univ. of Missouri, Rolla, Mo. 65401

4:20 Iterative Least Squares Development of Discriminant
Functions for Spectroscopic Data Analysis by Pattern Rec­
ognition. L. Pietrantonio, P. C. Jurs, Pennsylvania State
Univ., University Park, Pa. 16802

4:40 Signal-to-Noise Ratio Considerations in Quantitative
Molecular Absorption Spectrometry. J. D. Ingle, Jr.. S. R.
Crouch, Michigan State Univ., East Lansing, Mich. 48823

Section A

Section A

Tuesday Afternoon

Wednesday Morning

RECENT TRENDS IN DETERMINATION OF
MOLECULAR WEIGHT

(Joint with Division of Polymer Chemistry)

E. E. Drort, Presiding
9:05 Simultaneous Determination of Molecular Weight and

Partial Specific Volume from Measurements of (R./C) and
(dn/dc). W. Heller. Wayne State Univ" Detroit, Mich.
48202

9:30 Recent Trends in the Determination of Molecular
Weights and Molecular Sizes of Elastomers. W. S. Bahary,
Fairleigh Dickinson Unlv., Teaneck, N,J, 07666

10:00 A Supplement to the Equilibrium Theory for Gpc.
W. W. Yau, C. P. Malone, Engineering Physics Lab., E. I, du
Pont de Nemours & Co" Wilmington, Del. 1989B

EVALUATED REFERENCE DATA: KEY TO
RESEARCH PRODUCTIVITY

A. L. Smith. Presiding
2:00 Proton Nmr Spectra: Information Content and Assess·

ment Strategy. B. L. Shapiro. Texas A&M Univ., College
Station, Tex. 77843; M. R. Willcott, Univ. of Houston.
Houston. Tex. 77004

2:30 Proton Nmr Spectral Quality Assessment:: Preliminary
Results and Conclusions. M. R. Willcott, Univ. of Houston,
Houston. Tex. 77004: B. L. Shapiro. Texas A & M Univ.•
College Station. Tex. 77843

3:00 Evaluated Mass Spectral Reference Data Program.
J. G. Dillard. Virginia Polytechnic Institute & State Univ.•
Blacksburg. Va. 24061

3:30 Future Trends in Raman Spectroscopy. E. R. lippin·
cotto J. W. Brasch, Center of Materials Res., Univ. of
Maryland. College Park, Md. 20742

4:00 Applied Microwave (Nrr) Spectroscopy-Problems
and Progress. W. F. White, NASA·Langley Research Cen·
ter, Hampton. Va. 23365

RECENT TRENDS IN DETERMINATION OF
MOLECULAR WEIGHT

Section B

(Joint with Division of Polymer Chemistry)

M. Ezrin, Presiding
2:05 Homodyne Spectroscopy and Molecular Weight. R.

Gabler, N. C. Ford, Jr., Dept. of Physics & Astronomy, Univ.
of Massachusetts, Amherst. Mass. 01002; F. E. Karasz.
Polymer Science & Engineering Program, Univ. of Massa­
chusetts, Amherst, Mass. 01002

2:40 Thin·Layer Methods of Determining Molecular Weight
Distribution. E. P. Otocka. Bell labs., Murray Hill, N.J.
07974

3:10 The Use of Mass Chromatography to Measure Molecu­
lar Weights and to Identify Compounds Related to the
Polymer Field. C. E. Bennett, D. G. Paul. Chromalytics
Corp .• Unionville, Pa. 19375

3:40 Molecular Weight Determination by Plasma Chroma·
tography. F. W. Karasek, Univ. of Waterloo, Waterloo.
Ont.. Canada: M. J. Cohen, Franklin GNO Corp., P.O. Box
3250. West Palm Beach, Fla. 33402

4:05 Electrospray Mass Spectroscopy. M. Dole, H. l. Cox.
J. Gieniec, Baylor Univ., Waco. Tex. 76703

4:30 Determination of Number·Average Molecular Weights
by Pulsed Nmr. B. Crist. Research Triangle Inst., Camille
Dreyfus Lab., P.O. Box 12194, Research Triangle Park.
N.C. 27709

Section ATuesday Morning
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G I LS 0 N

Its an
ideal combination
of low cost,

small size
and rugged

construction!
THE MODEL FC-BO - drop
counting or time-actuated
Fraction Collector. Single-unit
ollector with base, drop

detector, timer and digital
counter; includes 2 test tube
racks. Holds BO glass test tubes
13 x 100 mm (9 mil .
• Size: 29 x 15 em (11 Y2 x 6 in.)

Ask about the Gilson
Master-Slave System for multiple
column collection.

Gilson Medical Electronics, Inc.
3000 West Belliine Highway
Middleton, Wisconsin 53562

_ .... Telephone 608/836-1551

~ " ..... M,""""",'~ .,,"'
GILSON MEDICAL ELECTRONICS, FRANCE
69. ruo Gambelta
95-Vllllers-le-Bel. FRANCE
Telephone 990-10-38

The new
Gilson Micro­
fractionator

is only

Model FC-BO
$495.00
FOB Middleton, Wisconsin
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1972 Pittsburgh Conference

The 23rd Pitlsbllrgh Conference on
AMI)'liel\1 Chemistry nlld Applied
Sp<etruseupl' will be held nl the Clen'­
Innd Convention Center, Cleveland,
Ohio, ~l:1reh f}-JO, 1972. SymposUt on
the' (ollowinJt suhjrcts nrc l)ting; nr·
rlllljtrd:

Analytical Applications of ESCA

Analysis of Surfaces-What Can the
New Techniques Tell Us?

Dedicated Computers-State of the
Art in Their Use in Analytical Chem·
istry

Biochemical Applications of Man
Spectrometry

Standard Methods for Ambient Air
Analysis

Analytical Applications of X·Ray Dif·
Iraction

Teaching Analytical Chemistry-ln·
dustrial and Academic Views

Scientists-The "Out" Group

The Role of the Analytical Chemist in
Process Control

Thermal Methods 01 Analysis-Appli·
cations

Coblentz Award Symposium

Spectroscopy Society of Pittsburgh
Award Symposium

Pap('r~ :UP 1101 r~tric(cd to thi'SC
topi('~, :lnd p..'lP<'r~ on :111 pha,s('5 of
an:t1ytiral rhrllli:)try :\Ild !'rll'<'tro$('opy
:Hl' ill\"it(·d. :\tIlhor~ wishin~ to con­
trihlltr :,hollitl :-lIhmit tltri_'C' (,oJlit~ of
a 150·word ah...:trllcl 10 Oswald E.
Wilkin."oll, prog:ram ('hairman. :\I('oa
Tf'dmil':d l'('ntl'f, P.O. Box :?!1;O. Pitts­
hurg:h, Pa. 15:.?:W. Final d:ltf' for fr­

rt·iJlL of ab::tr:trl:i i.:' Ort. I, 19i1.
III 1I{Iditiun 10 rhe lrt·hllir:ll prolo!r:ull,

IIlOr(' than :?)() t-tllnp:llli<'S will Uf" rrprc­
:-<'111('(1 :11 dlf' expo.:"ition of mod£>m blr
or:ltury f'qlliplIlrllt. lnform:l.lion l'on­
('rrnill~ Ihr exhihil.:' ..;hollid bt~ dirN."tNi
10 :\ . .I. K:I\·Ollbkis, rxpo.:"ition chair­
111:111, :-:ht'II11J,.::O, In(' .. :'W Xc\·illt, Illi.,

l'ill1ibllr~h, I'll. l!i:!:!.i

Coming Events

Oct. 3 to 6-45th Annuel Fell Meeting
01 Amerlcen 011 Chemists' Society.
Atlantic City, N. J. Includes sessions
on environmental science and Indus­
trial processing and analytical and
biochemical techniques. Contact:
C. H. Hauber, American Oil ChemIsts'
Soclely, 35 E. Wacker Dr.. Chicago,
III. 60601. 312·782·2455

Oct. 3 to 7-Tenth Annuel Meeting of
ASTM Committee on Chrometog.
rephy. Jung Hotel, New Orleans,
La. Contact: F. H. Fager, Union
Carbide Corp., Rox 65, Tarrytown,
N. Y. 10592

Scheduled Courses in Analytical Techniques
'nformation Is given In the following order: date, n.m. of course, loation of

course, profession.' person(s) In charge 01 course, and/or sponsol;n, org.nlutions,
and Contact (numbers In parentheses refer to addresses and telephone numbers
given at the bottom of the list ot scheduled courses).

Sept. 20 to 24-Two Seporote Courses: Nucleer MeRnetic -ncr, EIeclron
Absorption Spectroscopy. Philadelphia. Pa. 5adtler I'lesearch. Contact (1)

Sept. 27 to 29-Fourier Trenslorm Spectro5copy. Philadelphie. Pe. 5adller Re.
search. Contact (1)

Serh 27 to Oct. I-Inlrered, Pert I. Philadelphia. Pa. 5adtler Research. Conlect

Sept. 27 to Oct. l---Color end the Beh_ of Colorants. Attleboro. Mass. Con.
i)'2CjC)3 Miss Elaine Keller. Kollmorgen Corp.• 67 Mechanic St., Attleboro, Mass.

Oct. 4 to ~nstrumenul Methods. Philadelphia, Po. 5adller Research. Con­
tact (1)

Oct. 4 to 8--Thln Leyer Chromatography. Philadelphia. Po. 5adtler Research.
Contact (1)

Oct. 4 to 8--Photomlcrogrephy. Chicago. III. McCrone Research Institute. Con­
tact (2)

Oct. 9 to I~odern Uquld Chrometogrephy. Buffalo, N. Y. L R. Snyder. J. J.
Kirkland. ACS. Contact (3)

Oct. 11 to 13-Uquid Chrometography. 5an Francisco Area. Varian Aerograph.
Contact (4)

Oct. 11 to 14-EiectTonics for Chemists. Philadelphia, Po. 50dlier Research.
Contact (1)

Oct. 11 to l~bonItory Menagement. Philadelphia. Po. 5adtIer Research.
Contact (1)

Oct. 11 to 15-lndustrial Use of the Polarizing Microscope. Chicago, III. McCrone
Research Institute. Contact (2)

Oct. 11 to 15-Three Courses: Veeuum TechnolocY; Vecuum Processes; _

X:~r~~nS~:~u~mT~~~~ho~~eo~~~:8p~t.o~o~°J;'5. ~~O~~lif.Co94~~
415-447·1000. ext 7144

Oct. 14 to 16-Uquid Chromatography. 5an Francisco Area. Varian Aerograph.
Contact (4)

Oct. Hi-Column Selection In Gas Chromatography. Boston. Mass. H. M. McNair,
W. R. Supina. ACS. Contact (3)

Oct. 18 to 19-ThermoanaJysls. Philadelphia, Po. 5adtler Research. Contact (1)
Oct. 18 to 22-lnlrered, Part II. Philadelphia, Po. 5adtler Research. Contact (1)
Oct. 18 to 22-ldentification of Small Particles. Chicago. III. McCrone Research

Institute. Contact (2)
Oct. 2o-Applied Spectroscopy. St. Louis. Mo. SAS. Merlyn L 5almon. Contact:

Joan E. Westermeyer. Titanium Pigment Oiv.• N L Industries. Inc.. carondelet
Stalion. St. Louis. Mo. 63111. 314·638·3200. ext. 216

Oct. 20 to 22-llasic Gas Chrometography. Chicago. III., Area. Varian Aerograph.
Contact (5)

Oct. 21 to 22-ACSoSAS Short Courw on Weier Anelysis. Disneyland Hotel, Colif.
Two-day lecture-workshop being held in conjunction with the Pacific Conference
on Chemistry and Spectroscopy. Contact: W. W. Ulrich. Beckman Instruments,
Inc.• 2500 Harbor Blvd.. Fullerton. Colil. 92634

Oct. 22 to 23-lnterfecing the Minicomputer. New Vorl< City area. R. E. Dessy,
D. G. Larsen. ACS. Contact (3)

Oct. 25 to 27-Dispersion Suinlng In Optical Crystallognlphy. Chicago. III. Mc·
Crone Research Institute. Contact (2)

Nov. I to 3-Techniques 01 Infrored Spectroscopy. Philadelphia, Po. Sodtler Re­
search. Contact (1)

Nov. I to 5-Gas Chrometogrephy. Philadelphia. Po. 5adtler Research. Conhlct
(I)

Nov. I to 5-X·Rey Techniques In the Industrlel Leboratory. Chicago, III. Mc·
Crone Research Institute. Contact (2)

Nov. 8 to 12-lndustrlel Use of the PoIerizing Microscopy. Chicago, III. McCrone
Research Institute. Contact (2)

Nov. 10 to 12-llaslc Gas Chrometogrephy. Houston. Tex., Area. Contect: Don
Brasseaux. Varian Aerograph. Suite 180.3939 Hillcrolt Ave., Houston, Tex. 71027

Nov. 13 to 14-Modem Liquid Chrometogrephy. New York City. L. R. Snyder. J. J.
Kirkland. ACS. Contact (3)

Nov. 13 to 14-X·Rey Di!lrectlon for Industrlel Chemists. New York City. R. J.
Fredericks. ACS. Contact (3)

(JJ SadU.r Educational 01..... S.dtl., Research labOratorl._, Inc.. 3316 Spri". Gard.n SL, Phlta­

(2)d~'::.I·Mr,~~~g~~ie;,l~~:~~:t~~McCrone Ru..rch Institute, 451 E. 3ht St.. ChaCo. Ill.

(3}6~~6~al~oln2''b''e2~r~O~merlc:an Chemical Society. 1155 Sixteenth St.• N.W., Wnhlnaton, D.C.

(4)2~1~~rd~~;::~:~3.3tr~~~~~8raPh. 10250' Shary Circle. Concord, Cllif. 94520
(5) Ed Klein Varian Aerolrlph. 205 W. Touhy Ave., Park Rldae. III. 60068
(6) Ed Glib: Varlln Aerolr.ph. #25 Route 22. Sprinatteld. NJ. 07081
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CALENDAR DF EVENTS

neyland Hotel, Anaheim, Calif. Con­
tact: Lee Kalbus, California State
College, San Bernardino, Calif.
92407. 714·887·6311. Page 40 A.
Aug.

Oct. 18 to 2D--Trends In Polymer Char·
acterization. Samla, Ontario. Con·
tact: A. J. Stephenson. Imperial Oil
Enterprises, ltd., Samla, Ontario,
Canada. Page 43 A. Aug.

Show and
Congress.

Includes

News

Oct. 3 to 8-44th Annual Confere.nce
Water Pollution Control Federation.
Civic Auditorium. San Francisco,
Calif. Contact: R. A. Canham,
WPCF, 3900 Wisconsin Ave.• N. W.,
Washington. D. C. 20016

Oct. 3 to 8-Electrochemlcal Society
National Meeting. Sheraton·Cleve­
land, Cleveland. Ohio. Contact:
Electrochemical Society, 30 E. 42nd
St.. New York. N. Y. 10017. 212·
867-4430

Oct 4 to 7-26th Annual ISA Confer·
e~ce. McCormick Place. Chicago.
II/. Contact: G. I. Doering, Instru­
ment Society of America. 400 Stan·
wlx St.. Pittsburgh. Pa. 15222. 412·
281·3171

Oct. 4 to 9-16th International Spec·
troscopy Colloquium. Heidelberg,
Germany. Contact: Herrn Or. W.
Fritsche, p.A. Gesellschaft. Deutscher
Chemiker, 6 Frankfurt/MaIO 8. Post·
lach 119075. Germany. Page 72 A.
Nov.

Oct. 5 to 8-1nternationaJ Symposium
on Nuclear Research Materials. Gat­
linburg, Tenn. Sponsor: AEC·O~NL.
Contact: E. H. Kobisk. Oak Ridge
National laboratory, P. O. Box: X, Oak
Ridge. Tenn. 37830. Page 86 A. Feb.

Oct. 5 to 8-IMEKO: Symposium on
Moisture Measurement. Budapest,
Hungary. Contact: MM Symposium.
IMEKO Secretariat, Budapest 5,
P. O. B. 457. Hungary

Oct. 11 to 13-Anachem Conference.
Detroit, Mich. Contact: Peter
Warner, Wayne County Dept. of
Hearth, Air Pollution Control, 1311
E. Jefferson St., Detroit, Mich. 48226
Page 65 A. Sept.

Oct. 11 to 13-ACS Northeast Regional
Meeting. Statler Hilton, Buffalo,
N. Y. Contact: Roland Gladieux,
1500 Colvin B/vd., Kenmore, Buffalo,
N. Y. 14223

Del. 11 to 14-85th Annual Meeting of
the Association of Official Analytical
Chemists. Marriott Motor Hotel,
Twin Bridges. Washington, D. C.
Contact: l. G. Ensminger. AOAC,
Box 540, Benjamin Frank/in Station.
Washington. D. C. 20044. Page 40
A. Aug.

Oct. 11 to 15-lnternational Vacuum
Congress and Conference on Solid
Surfaces. Boston, Mass. Contact:
American Vacuum Society, 335 E.
45th St.• New York. N. Y. 10017.
212·685·1940

Oct. 12 to 14-fifteenth Conference on
Analytical Chemistry in Nuclear Tech.
nology.. Oak Ridge, Tenn. Contact:
L. J. Brady, Oak Ridge National Lab·
oratory. P. O. Box X. Oak Ridge.
Tenn. 37830. Page 58 A. Sept.

Oct. 14 to 2D--lnterkama '71.· Dussel·
dorf, Germany; Contact: Inter·
gama '71. Dusseldorfer, MessegeselJ·
schaft mbH. 4 Dusseldorf 10, Post·
lach 10203. Germany. Page 68 A.
Apr.

Oct. 14 to 2D--International Exhibition
of Chemical Equipment-MAC 71.
Milan, Italy. Includes laboratory
equipment. Contact: Gennaro Dim,
XI Mostra Internazionale Delre Ap·
parecchiature Chimiche, Via Tiziano
19.20145 Milano, Italy

Od. 18 to 2o-Pacific Conference on
Chemistry and Spectroscopy. Dis.

Sept. 7
to 10

Sept. 12
to 17

Sept. 13
to 16

Sept. 13
to 18

Sept. 20
to 22

Sept. 20
to 24

Sept. 20
to 24

Sept. 21
to 23

Sept. 22
to 23

Sept. 22
to 26

Sept. 23
to 24

Sept. 27
to Oct. 1

Sept. 27
to Oct. 1

Sept. 28
to 29

International Conference on Electron Spectroscopy. Asilomar
Conference Grounds, Pacific Grove, Calif. Contact: David A.
Shirley, Dept. of Chemistry, University of California, Berkeley,
Calil.94720

162nd National ACS Meeting. Washington. D. C. Includes
Analytical Chemistry Division sessions. Contact: J. C.
White. Analytical Chemistry Div., Oak Ridge National Labora.
tory. Oak Ridge. Tenn. 37830. 615-483·8611. ext. 3.1472.
Page 53 A. Sept.

International Symposium on liquid SCintillation Counting. Ho.
tel Metropole, Brighton, England. Contact: M. A. Crook, The
Society for Analytical Chemistry, 9/10 Saville Row, London
W1X 1AF. England

General Assembly Gesellschatt Deutscher Chemlker. Karlsruhe.
Germany. Contact: Gesellschaft Deutscher Chemlker.
0·6000 Franklurt (M). Germany. Poslfach 119075

Nondestructive Measurement and Identification Techniques In
Nuclear Safeguards. Ispra (Varese), Italy. Contact: M.
Cuypers. CCR Euratom. 21020. Ispra (Va). Italy

Inter/Micro·?!. Imperial College, London, England. Contact:
McCrone Research Institute, 2 McCrone Mews, Belsize Lane,
London. N.W.3 5BG. England. Page 44 A. July

5th Conference on Molecular Spectroscopy. Brighton, Engrand.
Contact: C. H. Maynard. The Institute of Petroleum, 61 New
Cavendish St., London W.l, England

Labware '71. london. England. Contact: British InformatIon
Services. 845 Third Ave.• New York. N. Y. 10022. 212.752.
8400

High Voltage Electron Microscopy Conference. Teddington, En.
gland. Contact: Meetings OHicer, The Institute of Physics,
47 Belgrave Square, London S.W.l, Eng/and. Page 43 A,
Aug.

National Conference on Analytical Chemistry. Brasov, Romania.
Contact: Or. Constantin Luca. Consiliul National a/ Ingineri.
lor si Tehnicienilor, Conferinta de Chimie Analitica. Calea
Victoriei 118, Bururesti, Romania. Page 71 A, Nov.

Conference on Data Processing and Display for Inspection Pur.
poses. University of Lancaster. Contact: The Institute of
Physics and The Physical Society, 47 Belgrave Square,
London. S.W.1. England. Page 44 A. July

Interlab '71. 2nd International Exhibition of Laboratory and
Measuring Techniques and International Symposium on
Modern Analytical Methods and Laboratory Apparatus. Os.
trava, Czechoslovakia. Contact: Jan Marsik. RAPID, Os.
trava-Cerna Louka, Pavilion K/Czechosrovakia

Third International Congress on Absorption Spectrometry and
Atomic Fluorescence. Paris. Contact: Secretariat du 3e
CISAFA, GAMS, 1. rue Gaston Bolssier, Paris XVe, France.
Page 73 A, Nov.

Symposium on Analysis of Organic Traces In Water. Essen,
Germany. Contact: Gesellschaft Deutscher Chemiker,
0·6000 Franklurt (M). Germany. Poslfach 119075

Oct. 18 to 2D--18th Spectroscopy Sym.
poslum and Exhibition, Toronto, On·
tarlo. Sponsor: Spectroscopy So.
ciety of Canada. Contact: G. O.
Hoffmann. Gulf Oil Canada. Ltd .•
Sheridan Park, Ontario, Canada.
416·B22·6770

Oct. 18 to 21-1971 Metal
Materials Engineering
Cobo Hall. Detroit. Mich.
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The new McPherson Model 2051.
World's most versatile
one-meter precision scanning
monochromator
and spectrograph.
Use it for research. Use it for teaching. It's a
high resolution, competitively priced monochro­
mator and spectrograph in one easy to operate
instrument. A superb performer from 1800A to
78 microns.

Patented "Snap-In" gratings give unmatched
flexibility to extend your range of wavelength
coverage. Buy a grating today . . . next month
... or next year, snap it in, and have 1A wave·
length calibration accuracy guaranteed ... with­
out realignment or extra charges! A fast flB.7
optical system with aspheric mirrors gives eoma­
free, symmetrical line profiles at all wavelengths.
Guaranteed 1st order half width resolution of
o.IA with a 1200G/mm grating.

Rugged, compact and portable, the Model
2051 changes from monochromator to spectro­
graph with a flip of a mirror. Or you can run two
different experiments using two entrance ports and
two exit ports without disturbing your set up.

A wide variety of accessories allows photo­
electric or photographic studies of transmillance.
absorbance, emission, photochemistry, reflectance
and ftuorescence.

The Model 2051 monochromator is the heart
of the world's most precise double beam ratio­
recording spectrophotometer, the RS 10.

To learn more about how the 2051 can im­
prove your experiments, write or call today.

McPHERSON INSTRUMENT CORPORATION
530C Main Street. Acton, Massachusetts 01720 • 617-263-7733

CIRCLE 130 ON READER SERVICE CARD
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Book Reviews

yiew articles and specialized mono·
graphs.

In general, the treatment is sophisti­
cated and reflects the author's mastery
of the esseutial principles of the very
wide range of topics covered. Because
)lractieally the whole of analytical
chemistry has been touched on in onc
w:;y or another (text or problems) in a
book of only nvemge size, the discus­
sions of each topic necessarily arc brief
and specialists in e:;eh subject may fecI
that their subject l",s been slighted.
HowC\rcr, considering the purpose of
the book, it seems to me that the
author has a"oided the pitfall of super­
ficiality as successfuUy as cnn be rea­
sonably expected, and this has been 110

easy task.
To assimilatc a lecture coursc based

on this book, the student will need to
havc had some background in the
basic principles and techniques of qU.lln­
titativc analysis, as well flS elementary
physiea! chemistry. It. would seem to
be appropriate as au acl"nnccd course
for third and fourth year chemistry
majors, and for first year graduatc
students.

So milch has happened so f:;st and
so rccC'utly in physical science and in
lhe teehno!ogy reslliting from it that
science teaching is, to say the least.,
in a re"olutionnry state. Academic
lmalytical chemists ha,'c been caught
up in this llL:lclstrom and arc currcntly
cngaged in a great deal of soul-sc:ITch­
ing which is resulting in a variety of
changrs in analyt.ical chemistry cur­
ricula.

Whether the approach taken by
Prof. Pickering will be successful wiU,
of course, only be decided ultimately
by the test of usage in courses other
than his own. l\Iy imprCS!5ioll, after
spending only a few hours examining
this book, is Umt I would enjoy sitting
ill on Prof. Pickering's course.

Chemical Reaction Mechanisms.
George M. Fleck. xi + 235 pages.
Holt, Rinehart. & Winston, Inc. 383
Madison Ave., New York, N. Y. 10017.
1971. $10.95

Reviewed by R. G. Pearson. Northwest­
ern University. Evanston, III. 60201

This is :l short monograph (somc 200
p.1g~) which contains some useful
material, while omitting most of what
one might expect to find. The title is
misleading as the subject of chemical
rcaction mechanisms, as ordinarily un·
derstood, is hardly denlt with. A much

(Colltil/lled 011 page 80 A)



GAS CHROMATOGRAPHY
2nd Edition
by A. B. LITTLEWOOO, School of Chemistry. The University
Newcastle upon Tyne, England
This wholly rewritten version of the author's well.received
first edition presents an integrated, up-ta-date treatment
of all the .fundamental a~pects of gas chromatography,
both practical ~nd t~eoretlcal: ~trong emphasis is placed
upon the way In which the pnnclples can be used in prac­
tice to apply the technique to its best advantage.
CONTENTS: Definitions and Technical Terms. Retention
Volume and Column Variables. Retention Volume and Ther.
modynamic Variables. Adsorbent Stationary Phases. Col.
umn Performance-Fundamentals. Column Performance.
Mechanisms. The Preparation and Use of Columns. The Use
of Detectors for Quantitative Analysis. Ionisation Detectors.
Therm.al Conducti:-,ity, Detectors. Ancillary Apparatus and
Techmques. ApplicatIOns of Gas Chromatography. list of
Symbols·Author Index·Subject Index.
J970, 521 pp., $22.50

A STATISTICAL MANUAL
FOR CHEMISTS
Second Edition
by EDWARD L. BAUER, Winthrop Laboratories, Rensselaer,
N. Y.
This book is for Chemists who perform experiments, make
measurements, and interpret data. It shows how to apply
statistics to theIr greatest advantage in all areas of analytic
and research chemistry through the use of addition sub·
traction and the slide rule.
CONTENTS: Fundament<lls. The Average. Experimental
Dcsign and the Analysis of Variance. The Comparison of Two

~~;::,~i~d V~~i~I&~~~. o~~~r~~i~~~ ~on~~~g~i R~~t7~~0~~a~~~~~:
1971,208 pp., $9.50

SPECTROSCOPY IN
INORGANIC CHEMISTRY
Volume 2
edited by C. N. R. RAO. Department of Chemistry. Indian
Institute of Technology. Kanpur, India, and J. R. FERRARO,
Chemistry Div., Argonne National Laboratory. Argonne,
III.
CONTENTS: JACK M. WILLIAMS and S. W. PETERSON.
Molccular Structure Determination by Neutron and X·Ray Dif·
fraction. J. R. FERRARO. High Pressure Vibrational Spectros·
copy. J. A. KONINGSTEIN, Electronic Raman Transitions of
Rare Earth Ions and Crystal Field Effects. K. D. J. ROOT and
MAX T. ROGERS. Electron Spin Resonance Spectra of Inorganic
Radicalsand Radical Ions. H. A. KUSKAand MAX T. ROGERS.
Elechon Spin Resonance of Coordination Compounds. BRIAN
G. RAMSEY. Electronic Spectra of Organometalloids. A. P. B.
SINHA. Fluorescence and Laser Action in Rare Earth Chelates.
Author Index·Subject Index.
J97', 320 pp., $'8.00

THE NUCLEAR
OVERHAUSER EFFECT
Chemical Applicotians
by JOSEPH H. NOGGLE, Department of Chemistry, Univ.
of Wisconsin, Madison, Wisc., and ROGER E. SCHIRMER,
Eli Lilly and Co.• Indianapolis, Ind.
CONTENTS: Introduction. Nuclear Spin Lattice Relaxation.
Mechanisms of Spin· Lattice Relaxation. The Nuclear Over·
hauser Effect in Rigid Molecules. The Effect of Internal Mo·

}~~~~. ofx~~~~~~\aIE~~t:~~:.. r~~7i~i:t7~n~e~~of~e ~~~leE:;
Overhauser Effect: A Review of the Literature. Appendix I:
Tightly Coupled Spins. Appendix II: Mathematical Methods.
Author Index-Subject Index.
Otfobcr '971, oboul 240 pp., $'4.50

IONIC INTERACTIONS
From Dilute Solutions to Fused Salts
Volume 2: Structure and Kinetics
edited by SERGIO PETRUCCI. Department of Chemistry.
Polytechnic Inst. of Brooklyn, Brooklyn, N. Y.
This book is a comprehensive survey of ionic interactions
in the entire range of concentrations from dilute solutions
to fused salts. The chapters, which deal with the subject
both theoretically and experimentally, are written by
specialists in the fields of statistical mechanics, inorganic
stereochemistry. chemical kinetics, and chemical struc­
ture. Volume 2 contains two chapters on chemical kinetics
and mechanism, one of which emphasizes the recently
developed relaxation tools for the study of ionic association,
and two chapters on the spectra and structure of electro·
Iytes.
CONTENTS: C. H. LANGFORD. Complex Formation and Sol·
vent-Exchange Kinetics: A Dynamic Approach to Electrolyte
Solutions. S. PETRUCCI. Kinetic Approach to the Study of
Jonic Association and Complexation: Relaxation Kinetics.
S. L. HOLT, Ultraviolet and Visible Spectra of Electrolyte Solu-

~~~Jie~n~f :1~~~r~I~:I~~lu~on~' a~~ISF~se~its:N~.nalu~~~~Y~~
dex·Subject Index.
1971.292 pp.• $16.50

HANDBOOK OF
FLUORESCENCE SPECTRA OF
AROMATIC MOLECULES
Second Edition
by ISAOORE B. BERLMAN, Radiological Physics oiv.•
Argonne National Laboratory, Argonne, III.
This handbook is a major collection of fluorescence and
absorption data of over 200 aromatic compounds, more
than twice the number in the previous edition. Beginning
with benzene, the list continues through larger and more
complicated systems. The text has been revised and new
data is included in the appendices.
CONTENTS: Introduction. The Free Electron Model. Gen·
eral Information. Compounds. Uses of Fluorescent Com­
pounds. Graphs. Appendix. Name Index of Spectra.
Formula Index of Spectra.
1971,490 pp.• $19.00

PAPER CHROMATOGRAPHY
AND ELECTROPHORESIS
by GUNTER ZWEIG, Director, life Sciences Division,
Syracuse Univ. Research Corp.• Syracuse, N. Y.• and JOHN
R. WHITAKER, Department of Food Science and Tech·
nology. College of Agriculture, Univ. of California, Davis,
Calif.
Volume 2/Paper Chromatography

by JOSEPH SHERMA, Lafayette College. Easton. Pa. and
GUNTER ZWEIG
With contributions by ARTHUR BEVENUE, Univ. of Hawaii,
Honolulu, Hawaii

This volume is an up-to-date treatise devoted to the tech·
niques of paper chromatography. It deals briefly with the
history and theory of paper chromatography and covers in
detail selected techniques and quantitative methods.
CONTENTS: History and Introduction. Theory, Mechanism,

~~~:ru~~r~~~~~~lr~~~~aPQ~;~ti~;;i~~o~~atehlch~~~r~~~aepsh~~
Amines, Amino Acids. ~ePtldes, and Proteins. Carbohydrates.
Aliphatic Acids. Steroids, Bile AcidS. and Cardiac Glycosides.
Purines, Pyrimidines. and Related Compounds. Indoles,
Phenols, and Aromatic Acids. Naturally Occurring Pigments.
Pesticides. Antibiotics and Vitamins. Micellaneous Organic
Compounds. Inorganic Analysis. Author Index·Subject In·
dex.
1971,604 pp•• $27.50

ACADEMIC PRESS r:inlNEw YORK AND LONDON
~ 111 FIFTH AVENUE. NEW YORK. N. Y. 10003
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PRINCETON APPLIED RESEARCH CORPORATION
ClRCtE 161 ON READER SERVICE CARD

The PAR'w Model 174 Polarographic Ana!)'zer complete with drop
timer costs just 51925. Us parl-per-billion sensitivity could heretofore
only be found in units costing five times as much. The Model 174
brings all the analytical applications of ultra-sensitive polarographic
techniques within the reach of any lab. For complete information. call
or write Princeton Applied Research Corporation, Box 565. Princeton.
New Jersey 08540; telephone (609) 452-2111.

Analytical & Preparative
GEL B.ECTROPHORESIS

Mossbauer Effect Methodology, Vol. 6.
Irwin J. Gruverman. Editor. vIIi +
237 pages. Plenum Publishing
Corp., 227 West 17th St.. New York.
N. Y. 10011. 1971. $19.50

This monograph presents the pro­
ceedings of the Sixth Symposium on
~10s5bnuer Effect ~Iethodology, which
W!lS held in Chicngo. III.. Jan. 25, 19,0.
It is the sixth volume of u series which
pro\'idrs ..'\ continuing (onlm for the
publicfition of dC"c!opmcnts in ~IOS5­

bauer effect tcchniqucs, spcctrCkiCOpy.
and applications. The highlight of the
"ymposium was n session on lunar
5<1mple:o;. ~Inny othcr papers were pre~

scruM including recent work in thc
area of frozen aqucous solutions and
others on methodologic:d developmcllts
including a report on polarized sourccs,
on a coincidence tcchnique, and on the
usc of radio frequency to perturb hr­
perline levcls.

Oxides, Frozen Solutions, Biology,
Chemistry, nnd Miscellnny. This text
contains n comprehensive picture of the
application of UlC Miissbauer effect in
the different branches of science.
Chemists, physicists, and other re­
senTeh workers engaged in pertinent
fields of scicnce will find the text to
be of '"ahle, as it will scn'c ns n useful
source of referenco nnd will stimulntc
furUlcr studies connected with the
Mossbnuer effect.

Now Books

• Differential Pulse
• Pulse
• Tast
• DC Polarography

• Drs_Diet
• Pb.rmaceu~ca1.a

• Pollutanta
• Metals

P. P. Bo Sensitivity
for $1925 with

~ Model 174 Polarographic Analyzer

Buchler provides thelIe important,
~peratu.. controlled Instru­
ments for 8IlPlIratlng proteins,
hemoglobin. albumIn, enzymea
and other compounds U8lng poly­
acrylamide or another supporting
niidlum. For complete Informa­
tlon and p~ wrlte fOf' appro­
prilite bulletin.

POLYANALYST
BaIc anaJyllcaJ tmlt for aepara­
tlon lind deatalnlilg. M1gl8tlon
takes piece In 12. sample'col­
~ ReqU8lt Bulletin #3-1750.

POLY~1006200
Preparallve InMrument for con­
t1nUOUl fractionation and elution.
RequeIt Bulletin #3-178OA.

.......II1I1I ...

.uc llUa aall~o

•......, o,'SURLlI.co.1111 __ IQIllP', .., &II, __._

ROll"'" Bullobn AC-3-178OA
ORCtE 19 ON READER SERVICE CARD
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Electron Spin Resonance of Metll Com­
plexes. Teh Fu Yen. Editor. Ix +
204 pages. Plenum Press Corp., 227
West 17th St., New York. N. Y.
10011. 1969. $15.00

This monograph contains the Sym­
posium on ESR of Metal Chelates at
the Pitt:;burgh Conference on An­
alytical Chemistry and Applied Spec­
troscopy, which W!lS held in Clevelnnd,
Ohio, Mnrch 4-8, 1968. It was de­
signed to bridge the gap between
chemical theory and application, and to
acquaint the chemist with the poten­
ti.1l1r immense amount of inIormntion
that can be obtained from ESR data"
It presents n wide scope of the main
problems in ESR of metal complexes­
e.g., the slructurc nnd bonding of the
trallsition metals and their ions; the
charge transfer, symmetry rcduction,
nnd ligand type of their chelates; com­
puteT synthesis of speclra; and high­
resolution techniques. Other topics
discussed also involve organometallic
chemistry, solid state physics, biomedi­
cal science, instrumcnlfilion, geoscience,
Rnd computer programming.



Ourall-gl_sU-colullinGC
lIICIy",elllie the established
standard in the life sciences.

HERE ARE SOME OF THE REASONS WHY NUCLEAR-CHiCAGO'S
SERiES 5000 HAS ACHIEVED SUCH WIDE ACCEPTANCE:

Real_ No.1.
The Series 5000 makes great separations.
Fatty acids. Drugs. Pesticides. Bile acids.
SteroidS. Sugars. Vitamins. Even amino
acids. And It makes them with minimum
sample decomposition. Even the tough
ones.

The inlet system is all glass to keep
melal away from your samples in this high­
temperature lone. (And we've just im­
proved the port lor more elficlent injection
and easier seplum replacement.) In fact,
sample degradation is minimized through­
out the entire system.

The system has intake and exhaust
dampers for cUieisn! cool·down after each
temperature-programmed separation.

The column is re-equilibrated at the
initia/lemperature before the next run can
start. Peak retention times are routinely
reproducible. The electronic temperature
programmer gives you oven·temperature
reproducibility on a day·to·day basis. The
gas flow controllers are insulated and iso­
lated for the best stability available today.

Realon No.2.
The Series 5000 can perform a greater

variety 0' analyses than any other U·co/·
umn GC. Accessory options such as Radio­
activity Monitoring (RAM). Automatic
Sample Injection (see below). Automatic
Temperature Programming and Cool­
Down, Pyrolysis (with betler reproduci­
bility than any other pyrolyzer). and
Cryogenic Programming are all easily in­
corporated In this completely modular
system.

RealOn No.3.
The Series 5000's low noise levels and

excellent reprOducibility permit smooth
interlace with all of the popular computers
in laboratory use.

All system modules, including our
new solid·state electrometer. are designed
to help achieve this interface. The Series
5000 electrometer has unique temper­
ature-controlled FET's, single·point
grounds on individual PCB's, and inde­
pendent outputs for recorder. integrator,
and computer. That means exceptional
baseline stability, very low noise level,
short warmup time. and outstanding com­
puter compatibility.

Our detectors have extremely low
SIN ratios and unexcelled sensitivity. Our
dual·zone detector oven has independent
temperature controls for the successful
use of multiple detectors. And it permits
servicing of one zone while operating a
detector at full sensitivity in the other.

Realon No.4.
Our Model 5141 Automatic Sample In­

jection System multiplies your productivity.
Permits 24-hour unattended operation for
either isothermal or temperature-pro­
grammed analyses. Utilizes metal gauzes
(to eliminate solvent peak) or "Hot Pop"
PTFE capsules (to prevent sample evap­
oration prior to injection). Up to 72 solid
samples. 35 liquid samples.

Real_I No. 5, 6, 7, ••••••
We maintain a complete inventory 01

chromatography supplies: Columns.
phases, supports, syringes. recorders. de­
tectors. hydrogen generator. et al.

We also maintain more than 30 sales
and service offices in major cities from
coast to coast.

But we can't tell it all here. The
proven accuracy. the proven reliability. the
proven productivity. All about all Series
5000 features and what they can mean
to you.

Our new Series 5000 U-column brcr
chure tells and shows it all. Send for it
Then you'll have all the facts.

The Series 5000.
From Nuclear-Chicago.
The Up-ancl-Comlng
Chromatography People.

~.
NUCLEAR-CHICAGO
A SUOSIOIAAY OF G. o.ISEARLEI & co.

:000 Nuo;l.1I Orlv•• 0.. PWnn. 1II1noQ eool" U.SA
Dotlll.., CIlt1!IlUI'MI 7. A/ftIt~'!l W. 1'M "'lIl«Iancl.t

CIRCLE 135 ON READER SERVICE CARD

ANALYTICAL CHEMISTRY, VOL. 43. NO. II, SEPTEMBER 1971 • 83 A









Editors' Column

BEL-ART PRODUCTS
PEQUANNOCK, N. J. 07440

Our HEW wpplemu' Is now avaIloWe.
For YOUt flUE copy write Dept. ".9

BEL-ART

Stronr, molded lrays solvinr your storap
problems. Fit drawers Ind ralrieeralars.

-..
Any other suuestions lor olllnizera?
We'll be hippy la work with you.

Se. roar IocIIIMentIry ....., .......

~
PARTS

~
BEAKERS - FLASKS

~
SMALL BOnUS

~
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single scans; scan time and delay
between scans; and threshold limits
above which scans are saved. Data
manipulation allows advantages
such as flexibility in viewing all
scan., selecting scans, normalizing
data, and providing lista and plota.
Data can be acquired from two
channels up to 10 kHz each, and
hard copy of the scopes di.play can
be obtained from the teletype or
plotter. The program has been de­
signed to have general applicability
and yet greater flexibility for adap­
tation to specific needs. The use­
fulness of this program has been
demonstrated at Dow's Eastern Re­
search Laboratory at Wayland,
)1ass.

J. P.

Air Pollutant Me.surements

C. Kumar, N. Patel, and Lloyd B.
Kreuzer of Bell Laboratories ha\'e
de"ised a system for measuring
sC\'eral kinds of oxides of nitrogen
to le\'cls as low as 10 ppb in air.
Thc ncw techniquc uses tunable in­
frared radiation from a spin-flip
Raman laser to mcasure the absorp­
tion spectrum of a gas sample by
optoacoustic spectroscopy. In op­
toacoustic spcctroscopy [J. Appl.
Pilys., 42, 2934, (June 1971)], a
calorimctric method is used. In
detecting pollutants by infrared
radiation, a problem has been that
nt small concentrations the ir ab­
sorption i~ too small to be measured
by dircct detcrmination of trans­
mis,;ion through a reasonable patll­
length. In the new technique, a
cell containing the gaseous pollu­
tant is periodicallY subjected to in­
frar,,,l radiation from a CO laser.
If the wa"elength of the ir radiation
coincides with the wavelength of an
absorption line, a periodic hcating of
the gas takcs plaec. The resulting
pressure fluctuations arc detected
by a capacitor microphone placed
in the cell. The sensitivity of the
method is limited by the Brownian
motion of the microphone dia­
phrngm. The detllils of the usc of
optollcoustie spcetroseopy in this
lIpplieation arc described in Sciellce,
173, No. 3991, 45 (1971).

00 you produce, sell or use nuclear fuel
elements and require a careful analysis
of uranium, thorium, or various lmpurl.
ties?
00 your requirements specify that
boron, cadmium. or high cross section
fare earths such 8S gadolinium, sa­
m8rlum, europium or dysprosium mu~t

each be below one part per million?

Does your process develop either liquid
or solid scrap which must be evaluated?

LEDOUX & COMPANY
D.pt W.e.

359 ALFRED AVENUE
TEANECK, N. J. 07666

Telephone: m::~::m l~~~n;~~k~'1~'1

Teletype Telex 13-4340

Cable Addr••• Ledo.... T.aneck
CIRCLE 110 ON READER SERVICE CARD

Does the evaluation of your mining
property require rapid and inexpensive
analyses?

Do you import and export minerals,
ores, and concentrates and therefore
require conscientious sampling and
weighing representation 85 well as
chemical analyses? Do you require
certificates which 8re honored and ac­
cepted both here and abroad?

00 you wish to know whether your high
purity metal or alloy contains parts per
million metallic or gaseous impurities?
Or whether it meets specifications?

CONSULTATION

Is your laboratory using analytical pro.
cedures that achieve the speed, ae.
curacy, and low cost requirements of
your production?

Does your chemist or technician look
for competent advice or training in up
to date wet chemical or Instrumental
methods of analysis?

Is your sampling technique consistent
with your analytical requirements for
accuracy?

WOULD YOU PREFER TO DO BUSINESS
WITH AN INDEPENDENT, UNBIASED CON·
CERNl ONE THAT HAS DEVOTED EIGHTY·
FIVE YEARS AND ALL ITS ENERGIES TO THE
SAMPLING AND ANALYSIS OF INORGANIC
PRODUCTSl

IF THE ANSWER TO ANY OF THESE QUES·
TIOHS IS YE5-CONTACT WITHOUT oaLl·
GAYlON

MINING AND
METALLURGICAL FIELD

NUCLEAR FIELD

DO YOU NEED ANSWERS
TO ANY OF THE

FOLLOWING QUESTIONS?





Here is the new spectrophotometer that gives
you the fast, simple operation you need for
control work and provides the wavelength
range and versatility found in slower, more
expensive instruments.

Wide range. A turn of a knob selects any wave­
length-from 325 to 825 mjl-for rapid, routine
determinations. No detector switching. No slit
adjustments. Fixed 20 mjl bandpass.

Easier reading. Big, shielded, 8-inch absorbance/
transmittance scale panel has readout so bright
you can read it at a glance.

Faster response. Unique, highly sensitive
galvanometer movement "locks in" on its
reading in two seconds, without vibration or
overshoot.

New Coleman Junior n
Spectrophotometer
Easier reading, faster response,
new UV-Visihle-NIR range
-all at low cost!
Solid-state detector. No phototubes, no vacuum
tubes. Built-in power supply is fully transistor­
ized. You have just one compact case on your
lab bench.

Industrial applications. Include water quality
control, wastewater treatment, ferrous and non­
ferrous metals, agricultural test labs and
pharmaceutical labs.

The Coleman Junior II has output for a
recorder, printer or digital readout. There's a
Flame Photometer attachment for Na, K, Ca,
Mg and Li ... And wide range of cuvette sizes,
up to 25 rom, including automatic emptying
Vacuvettes for rapid sample handling.

Send today for details on the new Coleman
Junior II. Request Bulletin A-310

Write to Coleman Instruments Division.
The Perkin·Elmsf Corporation. PERKIN-ELMER
42 Madi.on St.. Maywood. IlIinoi. 60753

"SEE COLEMAN MODELS-ISLAND 2. ACS MEETING"
CIRCLE 36 ON READER SUVlCE CARD
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Figure 9. Optimum performance area for different input devices depends on de·
sired frequency response and sensitivity
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Instrumentation

Event-Counting Techniques

An entirely dilTerent approach to
thc mcasurcmcnt of .smnll currcnts
is possible with cvent-counting
tcchniques. In thesc techniques, in­
dividual elcctrons nrc counted in n
fushion simi lar to the cOllnt iug of
radiat·ion quanta in photon count­
ing. These (eehniqnes arc limited
to measuring t'mall current~ in a
vucuunl.

To be dctccinble, electrons mll:,t
be detected with an electron mnlti­
plier or photo-mnltiplier. Yer~'

small currents can be me:\sut"rd. hut
circuit spced limits t11(' maxilllulll
delectable emren( to the rall~e of
10-" (0 10 ":\. Resoilltion in this
technique j::; determined hy :,t:1t i~t i­
cal consid('ration~. and {hr' product
of resolution nnd ri~p timp for this
method is 4 X 10-1' Asee.

High Perfonnance Current Amplifier

As an example of what can he
llehie\'ed with the feedback teeh­
niquc, the performance of a com-
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Environmental Science and
Technology
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information on research and technology involved
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news of political and Industrial aspects of
environmental management.

Analytical Chemistry
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of chemical analysis. Treats both theoretical and
applied aspects of analysis. SUbscription
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EDITORIAL

Analytical Chemistry in
Environmental Science
III. The Importance of Sampling

I N E~\'IHOKMEKTAL SCI~KCE, cycn more than in analysis gcnerally. the
truth of the old homily, "no analysis is better tban the sample on

which it is based," should be emphasized. There are two basic con­
siderations in\·olved.

First, the sllmples may be extremely diverse in character, and the ma­
terials of interest arc often present at great dilution in situations of
ehemieal, physical, or biological instability. The operation of procuring
a represcntati\·e samplc from a dynamic, heterogenous system can pre­
sent quite a challenge. The storage of the sample, to prevent loss of
trace constituents or contamination by interaction of the sample with
thc walls of the container or with the atmosphere, needs consideration.
Segregation uf the sample prior to llnalysis may occur. Of course, all
of these problems ar" inherent to analysis in general and arc by no
means uniqne tu environmental science. It is just that they tend to be
exacerbated by the nature uf the problem.

The "eeond considemtion is the usc to be made of analytical data,
oHcm by nonscientists. lmpropcr infercnces can be drawn, not neces­
"arily throngh consciuus el10rts to distort data to strengthen an argu­
ment, but also throngh ignorance or lack of information about the
~ampling procedure. Propel' experimental design involves drawing a
representative sample from a population appropriate to the problellJ,
allli recognizing the nature of that populution in applying the data. For
example, it is clear thut entirely different sampling procedures would be
involved in the two problems: (a) What is the total mercury content
of the fish in Lake Michigan, or (b) What is the mercury content of the
edihle portions of Coho salmon from the sume lake? Data obtained to
answer one of these questions would give no valid information about
the other; yet, improper interpretations ctln be innocently made in the
absence of sampling information. Another common error of interpreta­
tion is an improper averaging of analytical data without proper atten­
tion heing paid to weighting. Indeed, in el,,"ironmental science, the in­
di\'idual pellk readings tire often of more significance than average data.

The analytical chemist should play his role from the beginning of the
meusurement problem in collaborating in the experimental design, to
the end, in helping with the interpretation of £he data. In this way, he
can make his full professional contribution and help avoid the pitfalls of
drawing erroneous conclusions from experimental data.
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Electrophoretic Separation of Alkylsulfate,
Alkylbenzenesulfonate, and Alkylethoxysulfate
Homologs, Using Aqueous Dioxane Agarose Gels

John R. Bodenmiller and Howard W. Latz
Depor/me", o[Chemislry, Ohio University, Athens, Ohio 45701

Electrophoresis is used for the separation of members
of homologous series which are common to anionic
surfactants. The separation of members of homol­
ogous series could not be obtained In aqueous agarose
gels. This is due to the monomer-micelle equilibrium
which exists in these solutions. The effects of the
surrounding media on the monomer/micelle ratio are
demonstrated. Separations of homologous members
of synthetic and commercial mixtures of alkyl benzene­
sulfonates and alkyl sulfates, as well as commercial
alkylethoxysulfates and alkylarylethoxysulfates are
obtained In media which are not conducive to the
existence of micelles. These electrophoretic sep­
arations are carrfed out using aqueous agarose gels
containing up to 50% dioxane. Migration distances
of 25 to 30 cm and time periods of 2.00 to 2.75 hours are
required to obtain complete resolution of adjacent
members with ionic weights not greater than 325,
of these homologous series. Greater migration dis­
tances are needed to obtain complete resolution of
heavier adjacent homologs. After sepa ration, the
components of the mixture are detected with pina­
cryptol yellow and are identified by comparing their
migration distances with standards run at the same
time. Separation profiles are obtained by direct
photometric scanning of the fluorescent pinacryptol
yellow-surfactant adducts.

QUALITATIVE AND QUANTITATIVE analysis, of the hydrophobic
portion of members of Ihl.: homologous series which are
common to unionic surfnctants, is 11 problem which still locks
n satisfactory solution. Enrly work on the separation of
homologs of anionic surfactnnts was done by Holness and
Stone (/), Franks (2), and Borecky (3), using paper chro­
matographic methods. Puschel and Prescher (4) published
n marc recent paper using paper chromntogruphic methods
for th'e separation of alkylsulfates, alkylsulfonates, and various
other homologous series of aliphatic sulfonates. The

·running timl'S for such paper chromatographic methods nrc
generally eight to sixleen hours. Another popular approach
to this problem has been by gas chromatography (5-10).
This method requires a chemical or pyrolytic conversion of the
nonvolatile salts to· marc volatile compounds that can be
separated in the gas chromatograph. The separation and
identification of cationic surfactants by paper electrophoresis
was attempled by Fumasoni, Mariani, and Torraca (J I),

(I) H. Holness and W. R. Stone, N"wre, t76, 6().1 (1955).
(2) F. Franks, ibid., p 693.-
(3) J. Boreck)', COl/l·CI.· C:t'ch. Clw11I. Comnllm., 18, 229 (1963).
(4) F. Puscheland D. Prescher, J. Chroma/ogr., 32, 337 (t968).
(5) J. J. Kirkland, ANAL. C".... , 32,1388 (1960).
(6) T. H, Liddicoet nnd L. H. Smithson. J. Allin. Oil Chem. Soc.,

42, 1097 (1964).
(7) L. L. Lew, ibid., 44, 359 (t967).
(8) C. B. Puchalsky, ANAL. amI., 42. 803 (t970).
(9) S. Siggia and L. R. WhitlOCk, ibid., P 1719.
(10) P. Bore and F. Degremont, Rev. Fr. Corps Gras, 17, 315

(1970).
(II) S. Fumnsoni, E. Mariani, and G. TorrnC8, ChenJ. Ind. (London),

75,69 (1956).

and by Noshiro, lzawa, and Kimura (/2) but the migration
rate varied with thc sample concentration. Latz and co­
workers investigated the clectrophoretic properties of anionic
surface active agents in aqueous agar and acrylamide gels
(/3). Their results indicaled that the relative mobilities of
surfactant typcs were dependent on pH and buffer type.

This paper presents an electrophoretic method for the
separation and identification of members of homologous
series which arc common to anionic surfactants. Explana­
tions are offered for the electrophordic behavior of surfac­
tants under various conditions. The prescnt authors arc
aware of no other successful attempts to apply electrophoresis
to the separalion and identification of tht: members of various
homologous series which art: common to anionic surfactants.
Specifically, the method was applied to ulkylbenzenesulfonates
(ABS), alkyls"lfatcs (AS), alkylethoxysulfates (AES), and
alkylarylelhoxysulfates (AAES), but it can be applied to
similar anionic series and also to cationic surfactants. The
electrophoresis was carried out using aqueous dioxane
agarosc gels.

EXPERIMEI\TAL

Apparatus. A Dcsaga/Brinkmunn Apparatus for Thin­
Layer Electrophoresis (Brinkmann Instruments Inc., \Vest­
bury, N. Y.) was used for preliminary studies. Other in­
vcstigations, where indicated, were dont: u:;;ing an electro­
phoresis cell of similar design except the length was such
lhal a 14-inch (35.6-cm) X 8-inch (20.3-om) glass plate
was used instead of the 20-cm X 20-cm plate used in the
former. Power for clectrophoresis was supplied by a Savant
constant voltage source (Savant Instruments Inc., Hicks­
ville, N. Y.).

The wicks can be divided into three components, paper,
gauze, and cellophane. A paper wick (Brinkmann Instru­
ments Inc.) extends from the bottom of the upper buffer
chamber to the lower buffer chamber. A paper wick also
extends from lhe front bottom edge of the upper buffer
chamber and overlaps the gel layer 1.5 ern. A paper carton
wick (Brinkmann Instruments Inc.) was placed in the buffer
chamber. The paper wicks and paper carton were then
covered by a POSI-OP sponge, SR-8254 (The Seamless Rubber
Co., New Haven, Conn.). A second carlon wick was placed
in the upper buffer chamber on top of the gauze sponge. A
slrip of cellophane, obtained by splitting I 'Io-inch dialyzing
tubing (10886 \ViII Scienlific Inc., New York, N. Y.) was
placed on the under side of the wick so that contact betwccn
the wick and gel was made by the cellophane slrip.

The spectrophotofluorometer with thin layer scunner at­
tachment was the same as that used by Madsen and Lalz (/4).

Maler/als. The agarose, Catulog No. J-2404-S, was pur­
chased from the Fisher Scientific Co., New York, N. Y.

(12) T. Noshiro, Y. lzawa, nnd \Y. Kimura, Kogyo Kagaku Zasslzi,
68, 1587 (1965).

(13) H. \V. Latz nnd Coworkers, Union Carbide Corp.. Tarrytown,
N. Y.. unpublished work, 1965.

(14) B. C. Madsen and H. W. Lalz, J. Chrol/ltl/ogr., 50, 288 (1970).

1354 • ANALYTICAL CHEMISTRY, VOL. 43, NO. 11, SEPTEMBER 1971



and was manufactured by L'Induslries Biologie Francaise
SA

The I-ABS and p-(l-ethyldecyl)benzenesulfonate (p-3-l2-S)
were synthesized with H,sO., using standard methods from
alkylbenzenes purchased from Eastman Organic chemicals
Rochester, N. Y. The I-AS were prepared by the method of
Dreger, Keirn, Miles, Shedlovsky, and Ross (15) from alco­
hols purchased from Eastman Organic Chemicals. The
ABS mixtures, 215, 225, and 230, were synthesized with
H,sO., using standard methods, from linear alkylbenzenes
suppbed by Monsanto Co., St. Louis, Mo. The numbers
refer to the alkylate numbers assigned to the alkylbenzene
mixtures by Monsanto Co. The homolog distribution of
these alkylbenzenes are given in Table I. The sources of
otber commercial surfaclants are given in Table 11.

Procedure. PREPARATION OF THE GEL. The procedure
for the preparation of a 50% dioxane gel is presented. All
other preparations were similar with the appropriate sub.
stitutions.

The gel was prepared by adding \.08 grams of agarose 10
45 ml of 0.020M, pH 6 phosphate butler in a 250-ml beaker.
The beaker was covered with a watch glass and suspended
in a water bath which was heated to boiling temperature.
Mter the agarose was completely dissolved, the gel solution
was removed from the water bath and 45 ml of dioxane was
quickly added by pipet to lhe partially covered beaker. The
contents of the beaker were mixed by a slight circular motion
while the dioxane was added. The hot solution was lhen
either heated or cooled to 60-70 ·C and then poured on a 35­
cm X 20-cm X 2.5-mm glass plate.

Prior to pouring the gcl, the glass plate was placed on a
level surface and other 6-mm thick glass plates were arranged
so as to build a form for the gel. The seams were sealed
with paraffin, which was accomplished by quickly moving a
medicine dropper of hot paraffin down the scam.

One to lwo minutes afler the gel was poured, the glass
forms were removed by carefully lifting up the side opposite
the gel and then pulling it away from the gel. In this manner,
the paramn wax remained on the form and not on the gel
plate. A strip of gel was then cut away from the two sides
of the plate so that lhere was about \.5 cm between the gel
and the edge of lhe glass plate. A template containing eight
holes, 2.0 cm apart was placed over the plate and a melting
point capillary (\.5-mm diameter) was used to cut the gel.
The gel cylinders were then removed by applying a vacuum
with a second capillary connected to an aspirator. The
holes were usually made about 4 cm from one end of the
plate. This gives a gel which is O.OIOM in pH 6 phosphate,
\.2% agarose, 50% dioxane and 50% water, and is about
\.3 mm thick.

ELECTROPHORESIS OF THE SAMPLE. A light petroleum
grease was applied to lhe aluminum cooling block in order to
get beller contact between the glass and aluminum surfaces.
The prepared plate was placed on the cooling block and the
wicks, which were already in the buffer vessels, were placed
about \.5 cm on the ends of the gel layer. The buffer vessels
contained pH 6, O.OIOM phosphate in pure aqueous solution.
The circulation of the cooling water was then staned. Sample,
\.6 III, was deposited in the prepared holes by the use of a
blunt needle microsyringe. The cover of the cell was closed
and the appropriale potential was applied to the electrodes.
The anode and cathode ends were altered after each run and
the buffer was replaced after every fourth run.

DETICT10N. After completion of lhe run, the plate was
removed from the cell and was placed on a flat surface. A
saturated solution of pinacryptol yellow was applied slowly
until it completely covered the second half of the plate.
This was allowed to stand for 15 minutcs and then removed

(15) E. E. Dreger, G. I. Keirn, G. D. Miles, L. shedlovsky, and
J. Ross, Ind. Ellg. ehe",., 36, 610 (1944).

Table I. Homolog Distribution of
Moosaoto Pbenyla1kanes, Per Ceot·

Alkyl chain 215 225 230

Co 7 4
Cn 56 42 4
Cn 33 38 24
Cn 4 15 ~

C.. 1 23
Av mol wt 231 242 259

• Technical Data Sheet [·269 Monsanto Company.

Table n. Names and Sources of Commercial Surfactants

Sample Manufacturer Source

Ucane-ll Union Carbide Corp. Union Carbide Corp.,
Tarrytown, N. Y.

Ucane-12 Union Carbide Corp. Union Carbide Corp.,
Tarrytown, N. Y.

Ucane-13 Union Carbide Corp. Union Carbide Corp.,
Tarrytown, N. Y,

Tergitol 15-s-4.6A l.:lnion Carbide Corp. Union Carbide Corp.,
Tarrytown, N. Y.

Ter8iloI45-s-3A Union Carbide Corp. Union Carbide Corp.,
Tarrytown, N. Y.

Torgilol 15-s-35 Union Carbide Corp. Union Carbide Corp.,
Tarrytown, N. Y.

Tergitol Anionic 4 Union Curbide Corp. Union Carbide Corp.,
Tarrytown, N. Y.

Neodol 25-s-3A Shell Corporation Intermediary
Alipal CO 436 G. A. F. Intermediary
P.O. 1..5.-1 Aleolae Chern. Corp. Intermediary
1..5.-2 Sigma Chemicals, St.

Louis, Mo.

by tilting the plate. The pinacryptol yellow solution re­
maining on the surface was rinsed off by water from a wash
bOlllc. A solution of 3M NaCI was poured on the plate and
allowed to stand for 5 minutes. The purpose of the chloride
was to quench the background fluorescence of the pina­
cryptol yellow. The fluorescent samplc spots were detected
under ultraviolet light.

If the separation profile was to be recorded, the following
preparations were made. The gel was cut across the center
midway between the two cnds. The plate was submerged
in water and the gel half containing the samples was floated
onto a 20-cm X 2O-cm X I-mm glass plate. This trans­
ferencc was necessary because only 2O-cm X 20-cm plates
will fit into the thin-layer scanner. This was accomplished
by carefully sliding the 20-cm plate between the gel and tbe
35-cm plate and presented no problems. Mter the 20-cm
plate was carefully removed from the water tank, it was tilted
at a slight angle against an absorbing substance to remove
surface water. The gel was positioned with a straight edge,
by sliding, so that the ncar edge was 2.54 cm from the end of
the plate. A I-cm strip was then trimmed off the otber three
sides and the plate was allowed to stand for 30 minutes.
After this time was completed, the gel plate was submerged
in water for approximately 30 minutes to remove excess
pincryptol yellow from the gel. Free water was removed
and the gel was repositioned in the same manner as before.

RECORDtNO OF SEPARATION PROFILES. The yellow and
orange-yellow fluorescence, of the pinacryptol yellow­
anionic surfactant adduct, made possible the recording of
emission profiles for the separation. The technique used
to record the separation profiles was that of Madsen and
LaU (/4) for their direct qualitative thin-layer chromatogram
analysis. The 356-nm emission of a mercury-xenon lamp
was employed for excitation and the emission monochromator
was set at 532 nm. The slit program was 5-4-0.5-5-5 and
lbe meter multiplier dial on the photomultiplier rnicrophotom­
eter was set 8t O.O\.
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Table m. Number of Fractions Obtained for tbe Separation
of Commcrcial ADS, under Various Duffer Conditions In

Aqueous Agarose
Number of fractions

pH Conen, M Buffer type 215 225 230

0.025 Triethylamine
10 0.020 Acctic acid 3 3 3

8 0.050 Phosphate I I 2

8 0.025 Phosphate I I 2

7 0.050 Phosphate 2 2 2

7 0.025 Phosphate I I 2

7 0.050 Tris-Bel 1 I I

6 0.050 Phosphate 2 2 2

6 0.025 Phosphate I I 2-3

5 0.025 Acetate 1 1 2

5 0.025 Phthalate I 1-2 2

5 0.025 Phosphate I I 2

5 0.020 Citrate I I 1

5 0.025 Butuooatc 2 2 2

0.025 Acetate
0.012 Trimethylamine HCl

0.012 Acctote
0.010 N(CH,CB,l,Br

0.025 Triethylamine
0.050 Acetic ocid

0.025 Triethylamine
0.050 Butanoic acid

0.012 Aet:lntc

0.025 Tris
'4-5 0.050 Acetic acid

4 0.050 Acetate

4 0.050 Phosphutc

RESULTS AND DISCUSSION

Aqueous Agarose Gels. PRELIMINARY STUDIES. Early
results indicuted Ihal Ihe relative electrophorelic mobililies
of surfaclanl Iypes were dependenl on Ihe buffer used in Ihe
media. Under some conditions, certain surfoctants had
similar mobililies while under olher condilions Iheir mo­
bilities were quile different. Higher ionic weighI I·AS had,
under cerlain experimental conditions, a grenter mobility
Ihan Iighler homologs. Commercial ADS and AES mix·
lures had mobililies greater Ihan p-methylbenzenesulfonale
(p-I-I·S), p·bulylbenzenesulfonate (p-I-4-S), and p-heplyl·
benzenesulfonnle (p-1-7·S) under mosl conditions. The
order of relative migration rates of various surfaclanlS lended
10 approach Ihe order expected, on the basis of relalive ionic
weight, when they were run in lower pH media.

All of Ihis erratic behavior is due to Ihe monomer-micelle
equilibrium thaI exislS in these surfacIll.nt solutions. The
tendency 10 approach normal behavior in lower pH media is
thoughl 10 be due 10 an increase in Ihe monomer/micelle
ralio. AS, ADS, and AES are sahs of strong acids and any
acid-base equilibrium effects would be negligible in weakly
acidic (pH 3) media. This increase in Ihe monomer/micelle
ratio is prpbably due 10 Ihe greater amount of diffusion Ihat
occurs in Ihe less struclured gels formed al Ihis pH. These
resulls indicale Ihat Ihe relative mobililies of monomers and
micelles as well as Ihe monomer/micelle ratio are affecled by
Ihe media.

I-ALKYLaI!NZENESULFONATES. The electrophoretic proper­
ties of Ihe I·ADS in aqueous agaro.. were investigated using
Ihe 2O-em cell. Initial runs were made using 0.50 mm thick,
1.0% agarose gels at cooling temperatures 17 10 20 DC. The
applied polenlial was usually 500 vollS and the lime was
varied from 60 10 20 minules. Malachite green or BaCI,
was used 10 delecl Ihe samples aner migralion. Runs were
made using pH 7, 0.025M phosphate, pH 6, 0.0125M phos­
phale, and pH 9, 0.05M H.DOrNaOH-KCI buffers, wilh
Ihe complete series of I·ADS. The migralion distances for
p-I.I-S 10 p-I·6oS were always in the correct order and if Ihe
concenlralion of the samples was reduced from 50 mg/ml
10 25 mg/ml, Ihe order of migration was correcl for p-I-I·S
10 p-I-8-S. The low solubililY of I-ABS homologs heavier
lhan p-I·8-S, necessitaled Ihe use of saluraled solutions,
at 20-40 DC, of Ihese samples. The electrophoresis of Ihe
heavier homologs resuhed in precipitation al the starting
point or narrow streaks from the slarting point to various
distances. Also p-I·8·S gave an elongaled Spol, whereas
Ihe SpolS were round for Ihe smaller members of Ihe series.

In an efforl 10 solubilize and avoid precipitalion of Ihe
higher molecular weighl I-ADS, they were dissolved in solu­
lions of Iauryl sulfate or commercial ADS. The e1eclro­
phoresis of Ihese samples gave one major fraclion and
sometimes a minor secondary fraction. The secondary
fraction was u shaped and usually appeared al Ihe same
dislance for all of Ihe higher members of the l-ABS series.
The sc'Condary compacl u shaped fraction in both Ihe lauryl
sulfate and commercial ABS solutions, was suspected of
being precipitaled during the run. This probably resuhs from
a dt.'Cccasc in the local concentration by diffusion, of the
solubilizing lauryl sulfale or commercial ABS. When Ihe
concentration is decreased below the critical micelle concen­
lralion, Ihe lauryl sulfale or ABS can no longer solubilize Ihe
I-ADS in their micelles, Ihus lhe I·ADS arc precipitaled.

CoMMERCtAL ADS MIXTURES. The commercial ABS
mixlures, 215, 225, and 230, were investigaled using Ihe 20-<:m
cell. Several runs were made under various experimental
conditions in l.O-mm, 1.0% aqueous agarosc gels at cooling
temperatures of 25 10 27 DC. The ADS mixtures were 50
mg/ml in aqueous Solulion. The resullS of some of Ihese
runs arc listed in Table III.

The number of fraclions obtained from each sample and Ihe
relative migration ratcs of fractions from a particular sample
were both dependenl on Ihe bulTer used. The relative
amounts of material found in these fractions were dependent
on the buffer used. Also p-3-]2-S usually separated inlo
Iwo fraclions and the relative migration rate of p-3-I2-S/
laurylsulfate was dependenl on Ihe buffer used. Lauryi­
sulfale which was laler found 10 contain l·dodc'Cylsulfale,
I-Ielradecylsulfale, and I-hexadecylsulfale always gave one
spot under Ihese conditions.

Thus, separations obtained from surfactant mixtures con­
taining micelles cannot be interpreted on the basis of ionic
weight distribulion. To gain more information aboul Ihe
monomer·micelle behavior, solulions of individual ]-alkyl­
sulfales were investigaled.

I-ALKYLSULFATES. Eleclrophoresis was applied in Ihe
same manner as in Ihe preceding study of Ihe ADS. The
e1eclrophoresis of dodecylsulfale (I·IO-s), undecylsulfale
(I-I\-s), and dodecylsulfate (1-12·s) al 50 mg/m1 in pH 5,
0.025M acetale and pH 5, 0.0125M cilrale buffers produced
Iwo fraclions, one more dense than Ihe olher. The smaller
Ihe alkylsulfale, Ihe more malerial it had in Ihe less dense
fraclion. In pH 5, 0.050M acelic acid-{).025M trielhylamine
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buffer, the order of migration 'Was 12 > 14> II > 10. The
same results were obtained using a pH 10, 0.020M acetic
acid-{).030M triethylamine buffer.

A series of runs were made using pH 3.5 and pH 4.5
acetate buffers ranging in concentration from O.025M to
O.l25M with a triethylamine concentration of 0.01 M. The
triethylamine was added in order to keep 1-14-s in solution.
As the ionic strength was increased, the proportion of material
in the dense fraction also increased.

In general, the members of the I-AS, depending upon con­
centralian, ionic weight, and experimental conditions,
appeared as a single compact spot, a diffuse spot. a leading
compact spot with either diffuse tailing or a diffuse spot with
a slower migration rate, and a spot with a compact center
and diffuse outer ring. Diffuse areas arc attributed to the
presence of monomers whereas the compact spots result
from high micelle concentration. These r~ults clearly
indicated the necessity for the elimination of micelles from
all surfactant samples if a mcaningful separation of surfactant
mix.tures was to be attained. It was thought that the presence
of micelles could be eliminated by the addition of organic
solvents to the gel composition and this prospl'Ct was investi­
gated.

AQUeous Organic Agnrosc Gels. PRELIMINARY STUDIES.
The first organic solvent selected for study was dimethyl.
formamide (DMF). Aqueous solutions of DMF, as high
as 50 %, form rigid transparent gels with agarose. The first
results using DMF were an increase in diffusion, a decrease
in mobility, and a decrease in detectability with the dye
malachite green. However, these early results also showed
that the relative migration rates of the l-alkylsulrah: series
were, for the first time, in correct order. The undesirable
effects caused by the addition of DMF were diminished by
the use of pinacryptol yellow as the detecting agcnt, dL'Creasing
the concentration of the samples in order to decrease the
rate of diffusion, and by increasing the electric field strength.
A search of the literature produced the names of other
organic compounds that had miceUc-denaturizing effccts
on aqueous solutions of ionic surfactants (16-/8).

A study was made on the effects of several of these organic
additives on the electrophoretic properties of a homologous
series of I-AS and I-ABS. These studies were carried out
using pH 4-5, 0.025-{).0125M acetate bulTered, 1.2%, 1.0·mm
thick agarose gels. The concentration of organic additives
varied from 10 to 50%. The initial studies were made using
the 20-mm cell, with cooling temperatures 17 to 20 ·C and an
applied potential of 500 volts.

The I-ABS were soluble in aqueous I-propanol which has
miceUe-dcnaturizing properties at high concentrations and
micelle-stabilizing properties at low concentrations in aqueous
solutions (17, /8). In an experiment using a 35 % propanol
gel, the effects of surfactant concentration on its monomer­
micelle composition can be clearly seen. p·I·12·S was run
at concentrations of 10, 5, 2.5, 1.25, 0.62, and 0.31 mg/ml
for a duration of 0.5 hour. The shape of the spot progressed
from an elongated elliptical form (micelles present) at 10
mg/ml to a circular form (monomer) at 1.25 mg/ml and below.
The ncar end of all the spots was the same distance from the
origin, while the distance from the front of the spot to the
origin decreased with decreasing concentration.

(16) K. Shirahama and R. Mntuura, Bull. Chem. Soc. Japan, 38,
373 (1965).

(17) M. F. Emerson and A. Holtzer, J. Pltys. Cltem., 71, 3320
(1967).

(18) K. Shirahama, M. Hayashi, and R. Ma'uura, Bull. ClIem. Soc.
Japan, 42, 1206 (1969).

If the results of running the I-ABS series, p-I-IO-S to
p-I-I4-S at 20 m8lml in 20% propanol gel are compared to
the results obtained from a 35% propanol gel, the order of
migration is completely reversed. The effectiveness of the
elimination of miceHcs in various aqueous organic additive
gels was thus evaluated by the spot shape and order of migra­
tion rate for the I-ABS or I-AS homologous series.

The various organic additives used and found to form
gels containing 1.2 % agarose were DMF, I-propanol,
p-dioxane. acetamide. cellosolvc, ethyleneglycol, glycerol,
I ,2-propanediol, and urcs. From this study, it was concluded
that the DMF and dioxane systems gave tho best results.
However, these results also indicated that a longer migration
distance was needed for resolution of adjacent members of
the ABS series. A cell with the same design as the Desaga­
Brinkmann cell, excep' with a cooling block that would
accept a 35~cm plate, was built and put into sCfvice.

When the run time was increased from 1.5 to 2.75 hours
to obtain the maximum migration distance in the 35-c01
cell, an undersirable characteristic, under the previous
conditions, became a major problem. There had been some
surface solvent transport in both the DMF-acctate and
dioxane-acetate systems when using the 20-cm cell, but it
did not interfere, to any extent, with the separation. How~

ever, the longer time period allowed the solvent, which travels
from the anode toward the cathode, to intercept and pass the
samples which are migrating toward the anode. A loss in
definition of the sample spots was caused directly by diffusion
of the sample into the free surface solvent, and indirectly by
electric field disturbances. There was also a high resistance
line, which moved from the anode toward the cathode,
though not necessarily originating at the anode. The
visible effects, caused by the encounter of a sample with a
high resistance line. was to cause the spot to become elliptical
with its major axis perpendicular to the direction of migration.
This sometimes caused better resolution to be obtained
for mixtures, but more often than not it also caused gel
deterioration and its effects were not constant throughout
the width of the gel. Dioxane gels were then run in pH 6
and 7, O.OIOM phosphate buffer, which eliminated all surface
solvent transport. However, the high resistance line still
occurred but with less frequency. Another problem was that
the gel between lhe cathode wick and starting holes became
quite thin. This problem of apparent solvent loss was
solved by placing a cellulose strip between the gcl and the
paper-gauze wicks so that all transport between the gel and
wick passed through the cellulose strip.

I-ALKYLSULFATES. The separation of C1l>-1< I-alkylsulfates
had been attained using 10-15% DMF, 1.0% agarose gels
buffered at pH 4-5 with 0.0125M acetate in the 20-cm cell.
The concentration of cach alkylsulfate in the mixture was
1.25 mg/ml.

In order to attain better resolution for mixtures of greater
concentration, the l·AS were run in the 35-c01 cell using
dioxane, 1.2 % agarose gels, buffered at pH 6 with 0.01 M
phosphate. The results of two typical runs under these
conditions are listed in Table IV and Table V.

The results of this study indicate that 1-I4-s, at a concen­
tration of 5.0 mg/ml, usually tails in a gel of dioxane concen­
tration less than or equal to 30%. If the concentration of
1-I4-s is lowered to 2.5 mg/ml, tailing does not usually occur
in a 20% dioxane gel. This tailing by 1-14-s is due to its
insolubility in the lower per cent dioxane gels at the indicated
temperature. All I-AS lower than 1-I4-s are quite soluble
in aqueous or aqueous dioxane solutions and do not tail
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Figure 1. Separation profiles of stand~

ard and commercial AS mixtures: (0)
standard, 3 mg/ml/eomponent; (b) stand·
ard, 5 mg!ml/componenl; (e) LS-I, 10
mg/ml; (d) LS.2, 10 mg/ml

1. Dcc)'lsulfotc
2. Undecylsulfntc
3. Dodecylsul£atc
4. Tetradcc)'lsulfale
5. Hcxadecylsulfate

belween 5-10 mg/ml, especially ones containing a large
percenlage of the higher I-AS.

I-AlKYlaENZENESulFONATES. Table VI lists some typical
results for the scporation of I-ABS mixtures oblained in pH
6, O.OIM phosphale. 50% dioxone, 1.2%, 1.25-mm thick
agarose gels.

The resolution obtained for the mixturcs was quite adequate
for qualitative comparisons between mixture and standards.
However, for any intended quantitative use, better resolution
would be required for mixlures conlnining p·I-13-S, p-I-14-S.
and p-I·15-S. The absolute differences in migration dis­
tanceS for members of both the ABS and AS series nre depen­
dent only on the distance of migration. Their relotive
migration rates have not changed under the various running
conditions, for which it was assumed all species were in
monomer form. Therefore, considering a set distance of
migration, resolution can best be improved by reduction in
spot size. Spot size is dependent on diffusion and on the
original size of sample application. Diffusion is dependent,
among other factors, on concentration and timc, and so the
effects of a reduclion in both of these were studied.

While the higher I-ABS can be detected at concentrations
lower than 0.50 mg/ml, the goal of this study is to separate
and delect the more soluble ABS isomers. A distinction
should be made between real separations and apparent
separations. Because of the solubilities of the pinacrypto!
yellow adducts. the precipitated zones may not necessarily
correspond to the total sample zone. Therefore, reducing
the concentrations of the l-ABS below the detection limit

24.3 23.5
23.2 22.2
21.1 19.6

24.2 23.8
22.9 22.3
20.9 20.1

Migration, em
Frollt Hack

0.50 29.4 29.8
0.50 28.5 27.9
0.50 27.6 26.9

0.50 27.6 26.9
0.50 26.9 26.0
0.50 26.0 25.2

0.50 28.5 27.7
0.50 26.3 25.3
0.50 2·1.6 23.7

Sample

Mixture (0)
p·I·1().S
p·I·II-S
,,-1-12-5

Table VI. Typical Migrution Dlslonces for I·Alkl'lbenzcne­
sulfonate Mixtures in 50% Dioxonc/Agorosc Gels

Run TJmc Wns (a) 2.67 Bours (b) 2.83 Hours at u Potential of 1540
Vol1s and 11 Cooling Tcmpcnllurc of 18°C wllhn Current of 46 rnA

Conen.
1118/ml
in 40%

I-propanol

Mixture
1·I().s .25
1-II·s .25
1·12-s 1.25
1-14·s 1.25

Mixture
(I·1-12-S
(I-1-13-S
1,·1·14-S

MixlUre (b)
p-I-I()'S
p-t-I2·S
p-I-I4-S

even at much .higher concentrations. All evidence indicates
that 1-14-s. at a concentration of 5.0 mg/ml was completely
in monomer form during its migration in a 30% dioxane gel.
The results also indicote thal 1-I'2-s and lower members of
the series, at 5.0 mgfml conccntral ion, nrc in monomer form
in gels containing only 10% dioxane.

There was no problem in visualizing the spot given by a
J.25 mgfml sample of 1-IO-s in a 20% dioxane gel. However.
for dioxnne concentration belween 25 ond 50%. 1-IO-s.
at 1.25 mgfml was nol usually detecled. The solubility
of the 1·lo-s pinacrypiol yellow adduct was also a problem
in Ihe DMF systems. The only solulion so far is to vary the
dioxane concentrntion for the particular needs of the sample.
However, this does not delract from the good separations
obtained by this system. A gcl of 40-50% dioxane concen­
tration should probably be used when working with samples

Table V. Tl'pical Mlgrolion Distances for I·Alkylsulfalcs in
50% Dioxane/Agarnse Gels

Run Time Was 2.0 Hours 01 D Potential of 1540 Volls Dnd D Cooling
Tcmpcrulure of 18 "C wllh D Current of 46 mA

Individuul Conen, ms/1111 Migration, em.
stundurds in 50% DM F Front Back

I-I().s 2.5
1·11·, 2.5
1·12-s 2.5
1·14-s 2.5

Table IV. Typical Mlgralion Distances for I.Alkyisulfates
in 20% Dloxane/Agarosc Gels

RWI Time Was 2.15 Hours: al a Potential of IIUJ Volts and a Cooling
Temperature of 18°C "ilh a Current of 55 mA

Individual Conc:n. mgfml Migration, em
standards in 50% DMf Front Buck

I-I()'s 5.0 28.8 27.7
I-II-s 5.0 27.7 26.3
1-12-s 5.0 26.5 25.1
1.14-s 5.0 23.3 21.8

Mixture
I-I()'s .25 29.0 28.1
1-II·s .25 27.5 26.5
1-12-s .25 25.9 24.9
1-14·s .25 24.0 22.9
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full encoding generally gives better results than any of the
other techniques. Interestingly, however, in the restricted
search, three-bit encoding correctly identified all compounds,
10 the top 10, whereas the full encoding missed one.

Once again this improved accuracy is achieved at 8 price­
much slower search speeds and greatly increased data input.
For the programs developed here, the search rates in this
case were about an order of magnitude slower than for the
one·bit case.

Coincidences in tbe Top·N Peaks. Using the same pro­
gram structure as described above, the algorithm of Equation
5 was developed into a computer program. In this easc,
the search is for those library members which yield the
maximum number of coincidences in the N most intense
peaks. Five different libraries (corresponding to lhe top
4,8,12,16,20 peaks) were stored on a single magnetic tape.

Each spectrum was encoded in the same manner as in the
one-bit case (e.g., 10 computer words covering a mass range
of 12-331). Here, however, each member of the top N peak
library had N "oncs" scattered through the 320 bits rep­
resenting each spL"Ctrum. (1n the one-bit encoding scheme,
a variable number of ones was found in any spL"'Ctrum.)

By means of data input it was possible to compare the top
N, peaks of the unknown with the top N, peaks of the library.
Although it was not necessary that N, = N" it was generally
found that this made little difference in performance and so
only cascs where N I = N2 were extensively examined. In·
vestigations were made for Nt = N, = 4, 8, and 20.

The results of this technique are compared with the other
methods in Table VI! for N, = N, = 20. The performance
here is significantly poorer than nny of the other techniques.
Rcsults for N, = N, = 8 were comparable to that of N = 20,
whereas those for N = 4 were decidedly poorer. Since the
computer requirements and search speeds using this method
arc comparable to one-bit encoding, there seems Little reason
to utilize this technique in preference to the one-bit casco

It should be noted that here all top N peaks are assumed
equivalent and no distinction is made of their relative ranking.
Knock e/ 0/. (7) found that introducing relative ranking
improved the recognition performance. However. it does
not appear that the parallel processing advantages (and
attendant high search speeds) can be easily implemented if
relative ranking is included.

CONCLUSIONS

The criterion of the sum of the absolute differences in
levels proved to be remarkably cffc"Clive for identifying low
resolution mass spL'Ctra even when peak height was encoded
to I or 3 bits. These algorithms could be implemented as
computer programs yielding extremely rapid search speeds
lx."Cause of parallel proccssing devices employed. Results
using the maximum coincidence of the top N peaks were
significantly poorer than the other tc"Chniques. Prefiltering
of the library before comparison had significantly beneficial
effects on both search speeds and recognition performance.

Because of minimal computer requirements, rapid search
speeds, and high reliability of identification, one-bit encoding
may prove economicaUy attractive in certain applications.

Funher details regarding these computer programs may be
obtained by contacting the author.

APPENDIX

Computer Program Details. Packing for 3-Bit Encoding.
The 3-bit specIra were packed as shown symbolically in
Figure 4. Note that an extra bit is inserted in front of each
3-bit peak height. This bit is always "I" for the library and

ll' ~. l:J s 0, 1· llBaAlY PEAk HEIGHT (0-7)

XI' ~, XJ : O. I- UNKNOWN PEAk HEIGHT (0-7)

Figure 4. Packing for 3-bit encoding

always "0" for the unknown. The three bits of the library
channel arc placed in positions Lit L" L; and the corresponding
3 blts of the unknown are stored in Xl, X2• X;.

The function of this leading bit is to ensure that if the un­
known coded word is subtracted (in binary) from the library
coded word, each 4-bit grouping will always have a positive
value-i.e., there will be no interactions (carry over) between
groups. By this artifiee it is possible to subtract 8 channels
with one instruction. The resultant absolute difference is
determined by a table lookup of each grouping of 8 bits.

The procedure can be readily implemented at extremely
rapid speeds. For the IBM 360/44 computer, the summed
absolute differences covering the full mass range 12-243 (29
words) can be calculated in about I millisecond. Since the
actual mass range examined is generally less than the maximum
the actual attainable speeds are even higher than this.

Factors for Increasing Calculation Speed. The 1l1l\i0rity
of lhe lime in the search is spent in the calculation of the
disagreement criterion. These calculations may be made
significantly faster by employing the following two devices:
(I) In the calculation of AND, contributions to the criterion
will only arise when bath the library member and the un­
known have non·zcro codes in a given word. For XOR, if
both words arc zero, there is no point in even comparing the
words since no contribution is added. U, in the library data
the value of the maximum non-zero word is stored, it is
possible to determine what upper range should be examined
for any unknown. (2) As the search through the library
proceeds, a record is maintained of the ten compounds with
the least number of disagreements. If, as a given comparison
is being made, the value of the disagreement criterion exceeds
the 10th best member in the list for that unknown, the par­
ticular comparison is terminated since it is obvious that this
library member cannot be in the top 10 list.

Information in Final Printout. A typical printout of the
list of the top ten compounds is given in Figure I. In ad­
dition to information supplied by the user regarding the
unknown (identifying name, masses at which peaks are
prescnt, etc.) the printout consists of three major sections.

(I) The top 10 list sorted in increasing order of the value of
the criterion (NDIS) and containing for each library member:
name, identifying accession number, molecular weight, masses
of the five highest peaks, highest mass ion. This information
is contained on the library tape and is added to the list as the
search proceeds. The information is of great value in further
narrowing the choice of a correct answer.

(2) The user may enter with the unknown data up to five
identifying accession numbers for compounds in the library.
The calculated value of the disagreement criterion will be dis­
played for these library members even if they do not satisfy the
prefiltering condition or fall in the top ten list. This feature is

ANALYTICAL CHEMISTRY, VOL. 43, NO. 11, SEPTEMBER 1971 • 1369



useful if the user wishes to have the unknown compared to
specific library compounds.

(3) A histogram is also presented for each unknown of the
number of library compounds which yielded a given value of
the disagreement criterion. These compounds satisfy any
prefiltering conditions and have been calculated over the req­
uisite mass range. (Compounds which have been rejected
because the disagreement criterion exceeded the 10th best
member are not included in the histogram.) This feature is
particularly useful in determining the distribution of the
disagreement criterion beyond the top ten list.

RECEIVED for review March J5, 1971. Accepted June 2, 1971.
The work regarding one-bit encoding was presented at the
18th Annual Conference on Mass Spectrometry and Allied
Topics, San Francisco, Calif, June 1970. The remainder of
the work was presented at the 19th AnnuaJ Conference on
Mass Spectrometry and Allied Topics, Atlanta, Ga., May
1971. This paper presents the results of one phase of research
carried out at the Jet Propulsion Laboratory, California
Institute of Technology, under Contract No. NAS 7-100,
sponsored by the National Aeronautics and Space Adminis­
tration.

Effect of pH and Ionic Strength on Ion Exchange
and Chelating Properties of an Iminodiacetate
Ion Exchange Resin with Alkaline Earth Ions

George H. Luttrell, Jr.,' Carl More,' and Charles T. Kenner

Department 0/ Chemislry, Southern Melhodisl University, Dal/as, Texas 75222

(1)

By using a column procedure, the Imlnodlacetate resin
Is shown to react with the alkaline earth Ions primarily
by simple Ion exchange at pH values below 4 and by
chelation at pH values above 6. Between these values,
both mechanisms take place. The volume to the elu·
tlon peak maxima (V_.), which Is a function of the
distribution coefficient, Is affected by both pH and
Ionic strength. At Ionic strengths above 0.1, log Vm ..

passes through a maximum In the pH range of 4.2 to
4.8 and a minima in the range of pH 5.6 to 6.0. The
maxima and minima are shifted to lower pH values
by Increasing ionic strength. Empirical equations are
derived from the data by multiple regression tech·
nlques on a high·speed digital computer which relate
log v... to pH at constant Ionic strength and to Ionic
strength at constant pH.

ThE IMINODIACETATE ION EXCHANGE REStN Dowex A·I (Chelex
100) has been used for the separation of various melal ions
from high ionic strength solutions (1-4) and for the concen­
tration of trace constituents (5). Leyden and Underwood
(6) and Sides and Kenner (7) studied the elfects of pH, ionic
strength, and temperature upon the distribution coefficients
of alkaline earths and transition metal ions using a batch
process. Leyden and Underwood (6) noted that the distribu­
tion coefficients for alkaline earth ions were not affected
greatly by temperature and that the coefficients increased with
pH up to pH' 4 or 5 at which the distributinn coefficients
became essentially constant at constant ionic strength. Sides

and Kenner (7) confirmed this result but found lhat the dis­
tribution cocfllcicnts for these ions again increased in the
region of pH 7 and above. They also showed that an increase
in ionic strength caused n decrease in the coefficients. With
trnnsition metal ions, the distribution coefficients increase
rapidly to a maximum in the range of pH 4 to 5 and 3rc not
further affecled by rise in pH or ionic strength (6, 7).

Leyden and Underwood (6) estimated that the apparent
pK values of lhe resin lie between 2.37 and 3.45 for pK,
and between 8.15 and 8.58 for pK,. Krasner and Marinsky
(8) determined the thermodynamic value of pK, to be 2.77.
In general, all the reported Iilt:raturc values acc in agreement
with the reported values for benzyliminodiacetic acid (the
monomeric analog of the resin) (6) and for iminodiacetic
acid (9). Lowenschuss and Schmuckler (10) have shown the
structure of chelated complexes with the resin to be two five·
membered rings with a 1: 1 molar ratio of metal ion to di­
acetate group.

The distribution coefficients of metal ions with ion exchange
resins are usually determined by the batch method and
defined as (II)

D = mmoles melallg resin
mmoles metal/rot solution

However. distribution coefficients can be obtained by a
column method and Szidon and Fritz (12) define the column
distribution coefficient D. as

in which V is the volume of eluant in milliliters needed to
advance the metal band a distance of d(in em) down a column

, P~nt add""" Alcon Laboratories, Ft. Worth, Texas 76134
t Present address, Dallas District, Food and Drug Administra­

tion, 3032 Bryan, Dallas, Texas 75204

D. = (VIAe/) - i (2)
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(2) L. A. Mattano, ibid., p II L.
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Table IV. Log V~ as a Function of Ionic Strength

Ionic
Log V__

Metal pH strength Obsd Calc<! Difference

Mg 4.00 0.05 2.51 2.53 -0.02
Mg 4.00 0.50 1.22 1.21 0.01
Mg 4.00 1.00 1.00 1.00 0.00
Mg 5.10 0.05 2.63 2.62 0.01
Mg 5.10 0.50 1.18 1.13 0.05
Mg 5.10 1.00 0.81 0.81 0.00
Mg 6.00 0.05 2.63 2.63 0.00
Mg 6.00 0.50 1.10 1.13 -0.03
Mg 6.00 1.00 0.94 0.94 0.00
Ca 4.00 0.05 2.68 2.66 0.02
Cn 4.00 0.50 1.30 1.3\ -0.0\
Ca 4.00 1.00 1.02 1.02 0.00
Ca 5.00 0.05 2.68 2.50 0.18
Ca 5.00 0.50 1.43 1.42 0.01
Ca 5.00 1.00 1.02 1.02 0.00

Table V. Apparent pK, Values of Dowex A-I

Leyden and
Underwood

neutralization
titration 01 ~ = 1.0

For Mg ~ ~ 1.0 (6)

a - 0.25 pK, - 2.46 pK, - 2.42
a - 0.50 pK, - 2.94 pKI = 2.96
a - 0.75 pK, - 3.06 pK, - 3.04

Krasner nnd Marinsky
For Mg ~ - 0.05 "Intrinsic" pKI (8)

a - 0.5 pK, - 2.77 pK, - 2.77

ionic sites to form nonionizcd carboxyl groups. As a con·
sequence. each metal ion which is chclntcd cnuses an average
decrease oi a lillie less than two in the number of fixed ionic
sites. This decrease in ionic sites has two effects. One, the
decrease caused a decrease in the fixed site ionic strength
inside the resin which causes an increase in the activity co·
ctTicicnts of the metal ions inside the resin. Two, the ratio
of alkaline earth ions to ionic sites changes because of the
decrease of one in metal ions and two in ionic sitcs. Also,
since some of the ionic sites nrc occupied by sodium or other
ions, the number of ionic sit~ is greater than twice the number
of alkaline earth ions. These Iwo effects combine to create
a migration of alkaline earth ions from the resin and thus
decreas.; the dislribution cocflicienl and V~_. As the pH
is increased in the external solution, more hydrogens ionize
and migrate frolil the resin until lhe effect of chelalion is
offset by the increase in pH. This occurs in the pH range of
5.6to 6.0, above which chelation increases rapidly and alkaline
earth metal ions migrate into the resin to maintain equivalent
activities inside and oUlSide. the resin.

The divalenl metal ions experience both ion exchange and
chelalion as retarding effects during elution down Ihe column.
Both Ihese retarding cJTects are pH dependent because Ihey
depend upon the number of available ionic sites inside the
resin panicle. AI lower pH, Ihe main effect is ion exchange
with each divalent ion neutralizing the charge o~ Iwo ionic
siles, each of which is furnished by a different diacetate
group. Ion exchange increases with pH as more ionic sites
become available by migration of hydrogen ions out of Ihe
resin until a pH of approximalely 4 is reached at which chela­
lion can start. The half neutralization point (50%dissocia­
tion) inside the resin has been shown to occur al a pH of
approximately 5.6 ± 0.2 by Leyden and Underwood (6),

which helps 10 explain the rapid increase in chelalion above
Ihis pH range.

The decrease in the value of log Vma. with increase in ionic
strenglh shown in Figure 5, logether with the faci that the
maxima and minima of the curves in Figure 2 arc shifted to
lower pH values as the ionic strength increases, further
substantiates the decreased effect of ion exchange and the
increased effect of chelation as the pH is increased. The 1m·
bibition of neutral sodium chloride ion pairs caused by the
increase in ionic strength (7) increases the sodium ion con­
centration inside the resin. The sodium ions which entered
by imbibition compete with hydrogen ions and alkaline earth
ions for the ionic sites, and chelation becomes effective at a
lower pH since there is increased ionization due to the effect
of the sodium ions. At very low ionic strengths, chelation
of the alkaline earth metals probably docs nol occur unlil
after the ionization of both hydrogens of a diacetate group
at pH 5.8 and above as is indicated by the magnesium curve
in Figure I for an ionic strength oi 0.05.

The fact that double peaks occur in the elution curves also
indicates that there arc two retardation effeclS occurring inside
the resin. Since thc first peak is probably related to the
ion exchange phenomenon and the second to chelation, the
fact that the two peaks become more pronounced and are
shifted to lower l'ffiuent volumes with increase in ionic
strength or decrease in pH further substantiates that chelation
occurs at lower pH values as thc ionic strength increases and
the number of doubly ionized diacelale groups inside the
rcsin is correspondingly increascd.

Apparent pK, Values of the Resin. The equation

pK ~ pH + log C: a) + log [Xl - log [Na+J (7)

as givcn by Helfferich (15) was used to determine apparent
pK. values utilizing the data from the curves in Figure 2 and
the derivatives of Equalion 5 together with the pH and
sodium ion concentrations in the external solution. The
tcrm a is the degree of dissociation, [X] is the total concen­
tration of dissociated and undissociated ionogenic groups
in the resin, and [No-+-] is the sodium ion concentration in the
external solution. The pH values corresponding to the vari­
ous degrees of dissociation were obtained from the maximum
and minimum points on the magnesium (p = 1.0) curve of
Figure 2, with the nmximum assumed to correspond to
25% dissociation and the minimum of 50% dissociation.
Also one value of pK I was obtained from the magnesium
()J = 0.05) curve by relating pH to Vmn!V'run where V'run
is the largest valuc of VmU obtained. The results arc tab­
ulated in Table V along with some reponed values from the
litcruturc.

The theoretical justification for this method of determining
the pK, of the rcsin can be attributed to the dependence of
the distribution coefficient on the number of available ionized
sites within the resin. In turn the number of available
ionized sites renccts the dependence of the pK on the external
factors of pH and total ionic strength. A similar proposal
relating pK and D was put forth by Leyden and Underwood
(6) which assumes that the pH and ionic strength in Ihe
equilibrated resin and the pH of the external Solulion at a
panicular ionic strength are related through the apparent
pK of the resin. Therefore, as the relatively small amount
of magnesium is eluted down the column, it becomes dis-

(15) Friedrich Helfferich, "Ion Exchange:' ~'1cGraw-Hill, New
York. N. Y.• \962, p 85.
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Table I. Analytical Data

Calculalal, % Found. %
Compound C H N PIAs Nb C H N PIAs Nb

NbO(C.H.O.XHR)· ~\,O 36.8 2.9 8.6 19.0 36.3 3.3 8.7 19.7
[(C.H.).I'][NbO(C,O.)RI 59.3 3.6 5.6 4.1 12.4 59.2 3.9 5.8 3.8 12.2
[(C.H.).AslfNbO(C,O.)RJ 56.0 3.4 5.3 9.4 1i.7 56.0 4.0 5.1 9.9 1i.2
R - CI1H,N~01.

method. Solutions of lower concentration were obtained
by dilution.

Preparation of (C.li,).X[NbO(C,O.)RI. X = p. As.
R ~ C"H,N,o,. To the Nb(V) solulion (about 2 X 1O-'M)
in 5% oXlllic lIcid (25 011), lin equal volume of an equimolar
aqueous solUlion of PAR was added and the pH was ad·
justed to 5.S. The solution was heated and an cquimolar
lImount of tctraphenylphosphonium (0.24 grnm) lind ar­
sonium chloride (0.26 gram), respeelively, dissolved in a
minimum amounl of water was added dropwisc. The reac­
tion mixture was transferred into a scparctlory funnel. ex­
tracted with un approximately equal volume of chloroform
(50 011), and the ~Iyers separated. The chloroform phllse
wal transferred into lJ distillution nusk and chloroform was
distilled off at 40°C. The volume was reduced to about
half of the initial volume. Thc solution was then trans­
ferred to an Erlenmeyer nask and cooled to 0 °C. To the
cool solution un approxim8tuly equal volume of petroleum
ether was added dropwisc. Leanet-like cryslals which
formed were filtered oil, w~lshed with petroleum ether, and
dried in the vacuum desiccator over calcium chloride. The
yield was aboul 70% lind 60% for lhe phosphonium lind
arsonium derivutive, respcctiwly. Analytical datu arc given
in TlIb!e I.

Preparation of NbO(C.H.O.)(HR) 1-1,0, HR = C"Ii.N,O"
To the hOI Nb(V) solution (2 X JO-'M) in 5 % lartaric acid
(25 ml), an equimolar amount of PAR dissolvl.'d in hot water
(5 011) Wll< lIddc'd dropwisc. After aboul an hour the pre­
cipitate formL-d coagulated nnd was centrifuged, wRshed
severnl times with small Rmount of wuter and acetone, and
dried in vacuo (5 X IO-'M Iig) III 50 ·C. Analysis is given
in TlIb!e I.

Analytical Procedures, Niobium, IN COMPOUNDS CON­
TAINING PllosrUORUS OR ARSENIC. Substance (ubout 30 rng)
WllS deslroyed in II Kjelduhl flllsk with concd sulfuric lIeid
(I hll), 10 which 4-5 drops of coned HNO, were addc'd. The
procedure was repcutcd thrL'C times. Thc remaining solution
WllS trnnsferrcd wilh 5% oXlIlic lIeid (20 ml) in II beaker,
diluted 10 50 011, lind preeipitllted hy the tannin method.

IN TARTRATO COMI'OUNO. The substance (llbout 30 011)
WllS dissolved in 0.1 M NlIOH (5 011). The solution WllS
diluled to 50 011 lind heated until Ihe red color of the niobium
complex disappearc'd and the solution beellme yellow beClluSC
of the free PAR prescnce. To the hot solution hydrochloric
acid (I : I, 10' 011) was addc'<! and lhe reaclion mixture boiled
until niobium hydroxide prt'Cipitnle coagulutL-d. The pre­
cipitate was filtered, washed with 2% ammonium chloride
Solulion, ignitl'd III 900 ·C, lind weighed as Nb,O,. Satis­
fuctory results Were- obtuined. 100, if Ihe niobium was de­
termined us N~O. by igniting the substance in n platinum
crucible.

Phosphorous was dctennincd by titration with standard
lead nitrnte solution lind PAR. as indicalor (/0), lifter igniling
the sample by the Schiiniger method (/ l).

Arsenic was determined iodometricllily (/2), lifter destroy­
ing the sample with coned sulfuric and nitric acid.

(10) R. Puschcl. Micl'rochim. Acta, 1960. 352.
(11) S. W. Schonigcr, A1khroclrim. AC{(l. 1955. 123; ibid., 1956,

869.
(12) M. M. Tuckermann, J. H. Hodceher. B. C. Southworth, and

K. D. Flcicher, Anal. Chim. Acta, 21, 463 (1959).

Carbon, hydrogen, and nitrogen were determined micro­
lInalytically.

Ph)'sical 1\1casurcments. Visible spectra of the solutions
were recorded on ,I Perkin-Elmer 137 UV Spectrophotometer.
Absorbance measurements were carried out on a Beckman
Spectrophotometer Model DU-2. IR speetrn of nujol mulls
of the compounds were recorded on the l)erkin-Elmer Spec­
trophotometer Model 137 and 221 in the region 4000-650
em-I.

Conductances were measured using a lOO-c conductivity
bridge and a cell with a cell constant of 0.2 em-I. Molar
conductances in methanol werc determined at 25 QC at a
concentration of IO- I M with a specific conductance of the
solvent not greater than 1.33 X 10-1\ ohm-I cm 2 .

X-Ray powder photographs were obtaincd in a O.3-mm
capillary wilh a Phillips 57.54 0101 camera, CuK. radiation,
and cxposure time of 2 hours.

Experimental work was done at the Faculty of Science,
zagreb, Yugoslavia.

RESULT:;;

The colored niobium complex formed with PAR in oxalato
aqueous solulion at pH 5 can be extracted by tctraphenyl­
phosphonium and h:traphenylarsonium chlorides, rcspl'C­
tively, in chloroform. This behavior confirms thc existence
of anionic complexes in aqueous solutions, corrl'Sponding by
composition to generally used analytical systems. The
compounds obtained are only slightly soluble in water, and
can be precipitated with onium salts al higher concentration
ns a fine red-violet solid. However, the substances obtained
in this way are impure and cannot be further purified, since
they decompose on rL'Crystallization. From chloroform
extracts, however. red leands of pure complexes, dl.'Composing
at 240-245 and 190-195 ·C for phosphonium lind arsonium
derivatives, rcspt..'Ctively, arc obtained. The analysis agrees
Wilh the formula [(C.H,).X][NbO(C,O,)(R)], for X = P,
As; R = CIIHjNJ02:-. The compounds are soiublc in
alcohols, chloroform, and nitrobenzene. The molar con­
ductivity of methanol solutions was found to be 70-75
ohm- 1 em', indicating the presence of a I: I electrolyte.
X-Ray powder photographs of the solids show only diffuse
lines.

Visible speclrn of Ihe oxalalo-PAR-Nb(V) derivatives in
nqueous and chloroform solutions are given in Figure 1,
os compared to the spL"Ctra of the reagents alone. The
maxima for the Nb(V) species occur at 545 and 560 nm in
aquL"Ous and chloroform solutions, respectively, showing a
bathochromic shift from the aqueous to the organic phase.
PAR. on the other hand, shows a small hypsochromic shift,
the maximum occurring 01 410 and 400 nm in water and
chloroform, rcslX""'Ctively. Visible spectra of the solutions
made to correspond with analytical systems and spectra of
dissolved complexes arc identical. It has been observed,
however, that the color intensity of Nb(V)-PAR-oxalato
solutions depends upon concentration of PAR, oxalatcs, and
onium salts. For a quantitative extraction, at optimal
oxolato and onium salt concenlmlion, a molar ratio of
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Complex species of Nb(V) with PAR in aqueous tartaric
or oxalic acid media cannot be extracted directly by organic
solvents and orc expected to be anionic in nature. We have
thus attempted to extract their salts with large cations that
may enable transport into the organic phase. Tartrato­
PAR-Nb(V) species have proved nonextractable, but oxalato­
PAR-Nb(V) species can be cxtracted very well by tetraphenyl­
phosphonium and tetraphenylarsonium chlorides in chloro­
form or some similar solvent, showing n behavior similar
to PAR complexes of vanadium, cobalt, gallium, copper, and
palladium. Study ofthesc metal systems is in progress.

The visible spectrum of niobium complexes in chloroform
solutions shows a bathochromic shift of 15 nm with regard
to the corresponding aqueous solution, the maxima occurring
at 560 and 545 nm, respectively. The maximum of PAR
itself is shifted in chloroform for about 10 nm toward lower
wavelength. In this way the separation of maxima of the
colored complex and reagent is increased to almost 30 nm.
This observation may lead to a spectrophotometric deter­
mination of niobium in the organic phase, that should have
advanLogcs over the niobium determination with PAR in
aqueous solutions.

The optimal pH for Nb-oxalato-PAR complex formation
was found to be al 5.5, a region where the oxalato species are
unstable and hydrolyzc in water. Products of such hydro­
lytic reactions probably inleract with PAR in different ways
and have a significant influence on the rate of the niobium­
PAR colored species formation, and therefore on time needed
to reach equilibrium. Under such conditions II number of
factors arc critical, for exumple the amount and sequence of
reactants used, and that has actually been observed.

The fact that the complexes nrc c:<tracted frol11 aqueous
solutions under conditions corresponding to the analytical
systems, and that the solutions of complexes prepared show
the same optical properties us the solutions lIsed for anulYlical
determination, indicate strongly that oxooxaJato-PAR­
niobate(V) ion charnclerizcd in the solid statc is the species
responsible for thc color formation. It has been observcd
that in more acid Nb(V) oxalato solution, where stable
NbO(C.O,).·- anion is present, PAR does not coordinate
to the metal. PAR-onium salts of oxolrisoxalato niobate(V)
clin be prcparc-d from such solutions, vcry different in proper­
ties from the compounds described above (15).

The reaclion of Nb(V) with PAR in oxalic systems has been
sludied less than the reaction in tartaric systems, although
oxalales arc more suitable for a quantitative transfer of
Nb(V) into solution. From the repons published it also
seems that tnrthric systems perform bener in the spectro­
photometric determination of niobium with PAR. Such
behavior is ·expected on the basis of lower stability of the

lartrato Nb(V) complex species, which are able to react
favorably with the azo reagent. Indeed, in oxalato systems,
optimal pH for the reaction has been found to be 5.5, wherc
oxalato niobium complexl'S are less siable and thus morc
suitable for interaction with an incoming ligand.

In solutions with a pH larger than 5, PAR was found to
exist primarily in the form (16-/9) of HR -. It is anticipated,
too, that PAR acts as a tridentate ligand, with the pyridine
and the azo group (the one nearer to the resorcinol ring)
(17, 20) nitrogen, and the a-hydroxy group oxygen as donor
atoms. In more acid tartrato media PAR may thus interact
with Nb(V) by forming a neutral molecule. The substance
formed under such conditions, as described in the Experi­
mental Section, analyzed to NbO(C,H,O,)(HR)· H,O,
containing a PAR and a tartrato ligand. In aqueous solu­
tions, containing an eXCeSS of tartrates, the absorption
maximum of the complex depends upon pH, and occurs at
520 nm and 540 nm, in solutions with pH 2 and 6, respec­
tively. It is probable that in solutions with pH 2, PAR is
coordinated as HR -, forming the neutral complex described,
but at higher pH the R ,- form of PAR is coordinated and an
anionic complex NbO(C,H,O,) (R)u.- is prescnt in solution.
The shift of spectral maxima in the visible region from 540
to 520 nm may be related to the existence of these different
spL'Cics. The samc trend in the shift of absorption maxima
is observed for PAR itself. where maxima occur for HtR..
HR-, and R ,- at 385, 415, and 485 nm, respectively.

The work dt..'Scribcd has shown that colored species involved
in the spectrophotometric determination of niobium with
PAR in oxalic and tartaric acid media comain a PAR ion
coordinal!.:d to Nb(V) in addition to an oxalato and tartrato
ligand, rcspcctivdy. This structure explains the instability
of color in solutions that do not contain a large excess of
tartrntcs or oxnlntcs. It is vcry likely that the same situation
persists in Nb-PAR systems involving other complexing
agents, such as nuorides or hydrogen peroxide, implying that
mixed ligand spheres arc preferred by niobium(V) in com­
plexes with such simplc azo moh..ocules.
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Gas Chromatographic Determination of Rafoxanide
[3'-Chloro-4'-(4-Chlorophenoxy)-3,5-Diiodosalicylanilide] in Plasma
by Electron Capture Detection of Its Trimethylsilyl Derivative

Charles P. Talley, Nelson R. Trenner, George V. Downing, Jr., and W. J. A. VandenHeuvel
Merck Sharp & Dohme Research LAboratories, Rahway, N. J. 07065

Experimental conditions have been established lor gas
chromatography at the submlcrogram level 01 the
anthelmintic raloxanlde, 3'·chloro-4'·(4·chlorophen.
oxy)·3,5·dllodosallcylanllide. The drug Is converted to
its dl·trlmethylsllyl derivative (characterized by com.
blned gas chromatography-mass spectrometry) and
chromatographed on a 4·ln. column with electron
capture detection. Raloxanide, but not the derivative,
undergoes a photolytic reaction to lorm the corre·
sponding mono·iodo compound. A procedure has been
developed lor the Isolation and gas chromatographic
determination 01 raloxanide In plasma with a sensl·
tivlty 01 0.01 ~g/ml.

GAS CHROMATOGRAPHY coupled with highly sensitive detectors
has proved to be an excellent technique for the separation
and qunnlitation of nanogram amounts of materials of
biological origin and of exogenous materials in a biological
matrix (1-3). Unfortunately, many of the more inteCl'Sting
substances associated with biological systems contain one or
more groups capable of hydrogen bonding, leading to unde­
sirable adsorption phenomena. The polarity imparted
by such groups to a mole-cule, particularly if it posseSSL'S a
high molecular weight, precludL'S direct gas chromatography
without prior derivative formation. The substitution of
trimethylsilyl (TMSi) groups for active hydrogen atoms
has permitted gas chromatography of many high molecular
weight, polar molecules (4-7). We now report the develop­
ment of an assay in animal plasma for rafoxanide [3'-chloro­
4'-(4-chlorophenoxy)-3,5-diiodosalicylanilideJ, a new anthel­
mintic agent (8). To detect and quantitate plasma drug
levels in the parts per million range soon after oral adminis­
tration, we have used the technique of gas chromatography
with electron capture detection.

EXPERIMENTAL

Apparatus and Cbromatographic Conditions. Gas chro­
matography of nanogram and subnanogram quanlities of
rafoxanide was carried out wilh a Glowall Model 320 in­
strument. The column was a 4-in. X 3-mm i.d. glass U-tube
packed with 3% OV-17 coated over 1.5% SE-30 on 80/100
mesh acid-washed and silanized Gas-Chrom P (9). The

(I) B. J. Gudzinowicz, "Gas Chromatographic Analysis of Drugs
and Pesticides;' Dekker, New York, N. Y., 1967.

(2) J. A. F. de Silva and C. V. Puglisi, ANAL. CuEM., 42, 1725
(1970).

(3) E. Townley, I. Perez, and P. Kabasakalian, ibid., p 1759.
(4) A. R. Pierce, H. N. Graham, S. Glassner, H. Madlin, and

J. G. Gonzales, ibid., 4t, 298 (1969).
(5) W. E. Wilson and J. E. Ripley. ibid., p 810.
(6) K. Tsuji and J. H. Robertson, ibid., 42, 1661 (1970).
(7) M. Katz and Y. Lensky, Experi"'tia, 26, 1043 (1970).
(8) H. Mrozik, H. Jones, J. Friedman, G. Schwartzkopf, R. A.

Schardt, A. A. Patchell, D. R. Hoff, J. J. Yakstis, R. F. Rick,
D. A. Osllind, G. A. Plishker, R. W. Butler, A. C. Cuckler, and
W. C. Campbell, ibid., 25, 883 (1969).

(9) E. C. Horning, W. J. A. VandenHeuvel, and B. G. Creech, in
"Methods of Biochemical Analysis;' Vol. XI, D. Glick, Ed.,
Interscience, New York, N. Y., 1963.

~~=~=~~MDti~~~~M~~
The carrier gas was high purity, dry N, at a flow rate of 75
ml/min. The electron capture detector used was of the
Lovelock (10) design containing 22.5 "Ci of mRa coated
on the inner surface of a cylindrical platinum foil. The
detector was operated at 8 V de and maintained at 300 ·C.

Gas chro=tography of microgram quantities of rafox­
anide was carried out with a Barber-Colman Model 5000
instrument. The column was a 2-ft X 3-mm i.d. g1ass U-tube
containing the same packing as above. The ~porizer was
maintained at 300 ·C and the column at 265 ·C. The carrier
gas was argon at a flow rate of 50 m1/min. Detection was
by hydrogen flame ionization.

Combined gas chro=tography-mass spectrometry (GC·
MS) (I J) was carried out with an LKB Model 9000 instru·
ment. The column was a 40ft X 3-mm Ld. glass spiral
packed with 1.8% OV-17 on 80/100 mesh acid-washed and
silanized Gas-Chrom P (9). The vaporizer was maintained
at 300 ·C and the column at 260 ·C. The carrier gas was
helium at a flow rate of 30 ml/min. The spectrometer was
operated with a source temperature of 270 ·C, an electron
energy of 70 eV, an accelerating voltage of 3.5 kV, and a trap
current of 60 "A.

Reagents. Ethanol (95 %l was purchased from U.S.
Industrial Chemical Company. Hydrochloric acid (concd)
and sodium hydroxide (50 % solution) were Merck reagent
grade. Spectroquality 2,2,4-trimethylpentane (isooctane) and
reagent grade bis-trimethylsilylacetamide (BSA) were pur·
chased from Matheson Coleman and Bell and Pierce Chem­
ical Company, respectively.

Sample Preparation. ExrRAcnON. A 1.0-ml aliquot of
plasma was treated with 5 ml of 95 % ethanol and centrifuged
to remove the denatured proteins. The clear supernatant
was decanted, acidified with 5 ml of 4 % HCI, and extracted
twice with 5-ml portions of isooctane. The isooctane layer
was extracted twice with 5 ml portions of 1% NaOH. The
basic extract (protected from direct lighting) was heated in a
steam bath for I hr, cooled, acidified with 15 ml of 4% HCI,
and extracted twice with 5 mI portions of isooctane. .The
isooctane extract was e~porated to dryness under a stream
of nitrogen.

DERIVATIZATION. The residue from above was taken up
in 50 "I of BSA, which served as both reagent and solvent.
The mixture was capped tightly, heated in an oil bath at
110 ·C for 7 min, cooled to room temperature, and centri­
fuged. One microliter was injected into the gas chro=to­
graph.

QUA><TITATION. Peak areas were measured by height and
width at half-height. Quantitation was accomplished by
comparison of sample peak area to a standard plot deter·
mined each day from a series of standard solutions of deri~·
tized rafoxanide in BSA.

(10) J. E. Lovelock and S. R. Lipsky, J. Amer. Chern. Soc., 82,
431 (1960).

(II) J. A. McCloskey in "Methods in Enzymology," XIV, Lipids,
J. M. Lowenstein, Ed., Academic Press, New York, N. Y.,
1969.
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Table I. Recovery of RafoxanJde from Spiked
Cootrol P1a5ma

Rafoxanide Recovery, %
added. ppm GC Radioactivity

at constant flow rate resulted not only in shorter retention
times, but also in higher response (peak areas) for di·TMSi·
raroxanide. As the degree of loss could thus be correlated
with residence time in the column and as the electron capture
detection system is by nature highly selective, the decision
was made to use a very short column, one containing only
4 in. of packing. In this respect we arc approaching lbe
condition suggested by Purnell, namely, that "the aim of
c~romatography is elimination of lbe column" (/6). Mea·
surable response was obtained with this column from as
tittle as 0.2 ng of raloxsnide (as the di·TMSi·derivative).
The plot of detector response (peak area) DS. nanograms of
rafoxanide as the di·TMSi derivative over the range 0.5 ng
to 4 ng yielded a straight tine with a relative standard devia·
tion of 1.7%. The line intercepted the abscissa at 0.15 ng,
a further indication of irreversible loss on lbe column (/7).

Although the electron capture detector exhibited a rather
tinear rL'Sponse for this small range, over a wider range
(0.2 ng to 40 ng) the detector behaved more characteristically
and exhibited severe departure from tincarity (/8). This
resulted in large measure from the relatively Jaw standing
current estabtished in our particular type of detector. Injec·
tion of 30 ng produced a peak as high as the standing current;
and, as there can be no response greater lban the standing
curren" it was not possible to quantitate above the 30·ng
level. Actually, linearity began to fail even below 30 ng.
Once a 111l\i0rity of the available electrons in lbe detector
have been absorbed, the few lbat remain arc increasingly

Table n. Typical Experimental Data

Rafoxanide
Dose. mg/kg/day Plasma level, ~g/rnJ

0.2 <0.01
0.2 <0.01

10 0.16
10 1.40

less likely to be captured (/9). Allempts to usc a tritium
foil detector, which has a more favorable standing current
and a wider linear range, failed since it could not be brought
to a temperature high enough (maximum temperature of a
tritium foil detector is 225°C) to preven! condensation
of the column effluent. The uNi detector, probably ideal
for our work because of .its greater temperature stability,
was not available for trial.

Rafoxanide is bound to the albumin in plasma (20).
The most efficient method of release was protein denaturing
with ethanol, a single treatment removing 85 % of the drug
with the remaining 15 % inaccessible to repeated elbanol
washings (based on experiments with "C·labeled rafoxanide).
In a preliminary experiment, control plasma was treated with
elbanol to denature the proteins (removed by filtration).
The ethanolic filtrate was extracted wilh isooetane, an
aliquot of the isooctanc extract was evaporated to dryness,
and the residue was treated with BSA. Gas chromatography
of this solution showed no interfering peaks. Another
aliquot of the isooctane extract was spiked wilb rafoxanide,
evaporated to dryness, and treated with BSA. Gas chro·
matography of this solution resulted in about 30% of the
expected detector response for the injected quantity of
di·TMSi·rafoxanide. Injeclion of a standard solution of
di·TMSi·rafoxanide immediately following such a run also
resulted in a highly allenuated detector response. Column
conditioning for more than 2 hr at 290 °C was necessary
to restore full response for a standard injection. This effect
was not observed when BSA solutions of di·TMSi·rafoxanide
spiked with large quantities of nonyl alcohol, ,,·hydroxy.
stearic acid, or tripalmitin were chromatographcd. (The
BSA solutions were 1000: I spiked material: rafoxanide.)
Fortunately, the interference was eliminated by hydrolysis
of the residue from the isooctane extraction at 100°C in
1% NaOH solution for one hour; this treatment had no
obsCfVably deleterious effect on the rafoxanide.

Recovery data were obtained for control plasma samples
spiked wilb "C·labeled rafoxanide (10,000 cpm/~g) and
carried through the assay described above. One-microliter
aliquots of the final BSA solution were subjected to liquid
scintillation counting and gas chromatography. The results
are presented in Table I.

Most of the loss (15%) resulted from the nonquantitative
ethanol denaturation step. The additional 5% to 10%
discrepancies were caused by losses during the various
liquid-liquid partitions and other sample manipulations.
Typical data obtained from mice and rats treated witb
rafoxanide once a day for 4 days (plasma samples collected
on day 4) are presented in Table II.

74
77
76
80

79
77
76
74

0.19
0.39
0.49
0.80

Animals

Rau(4)
Mice (4)
Rats (2)
Mice (4)

(16) J. H. PurneU, Gas ChrDntalogr. Bioi. M.d., Cibo Fowld. Symp.,
1969, 21 (1969).

(17) E. C. Homing, K. C. Maddock, K. V. Anlhony, and W. J. A.
VandenHeuvel, ·ANAL. CII...., 35, 526 (1963).

(lg) J. K. Fo",man, T. A. Gough, and E. A. Walker, AlloIySl,
95, 797 (1970).

RECEIVED for review March 8, 1971. Accepled May 19, 1971.

(19) D. C. Fenimore and C. M. Davis. J. Chromarog. Sci., 8, 130
(1970).

(20) N. R. Trenner, Merck Sharp & Oohme Research Labora·
tories, Rahway, N. J., unpublished results, 1968.
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differing from Equation 2 only by the preseoce of the damping
factor .-MV which accounts for decay. Equation 7 is
approximated by the analog of Equation 3

-(K,.V - ")I/2n
P.+I(V) = P(O) e e-A,v (s)

(2lrn)'"

If Ap is small with respect to the flow rate, i.e., if A p =
Apl4> « I, then the damping factor approaches unity and
the elution curve approaches that for a stable spL"Cies as
expected for a half-life that is long compared to residence
time on the column.

DAUGHTER SPECIES. Daughtcr nuclei arc produced by the
decay of P and disappear at a rate determined by decay con­
stant AD. Letting D.(V) represent the number of daughter
nuclei in plate i, the mass-balance equation for daughter
nuclei generated and consumed by radioactive transforma­
tion during elution in a given plate i may be expressed as

From Equations 3 and 4 the width, fJ, of the Gaussian elution
curve at c 1 times the maximum is

elution curve function. A sample elution curve is iIIustraled
in Figure I.

For bolh the Poisson and Gaussian forms, V., the volume
corresponding to the peak maximum is given by

(13)

(14)

(10)D,(V) = D;'(V) + C,(V)

~ (aX-,. - ),D)1'/l",.
1'(0) AplpC -. X

n!c·+ 1 n(1 - a)

[~(n + I.nef-) - ~ (n + l,nae~)J (15)

dD; = (KDD;_. + ApP; - KDD; - ADD;)dV (9)

where P; is given by Equation 7 with i in place of n + I, K p

is the daughter effective partition coefficient, and AD =

ADI4>·
Conditions at the onset of the elution process are used in

establishing the solution to Equalion 9 as before. When V =
0, then D1 = D(O) and D,>I ~ O. The solution to Equation
9 contains several terms which will be discussed according
to their various origins by use of the following definition:

D' represents the number of daughter nuclei which were
prescnt in the initial sample loading at the commencement
of elution; the number of daughter nuclei which originate
as decay products generated during the course of the chro­
matographic process is denoted by C. From the above
definilions, D(O) = D'(O). As shown in Appendix I, the
D'(O) nuclei, hereafter referred to as primary daughter
nuclei, arc chromatogrammcd in a manner analogous to
P(O), lhat is

D',,+,(V) = D(O) (KvV)"e-
CKo + Au)" (11)

n!

The other daughter nuclei, C(V) will be referred to as secon­
dary daughter nuclei.

In deriving an expression for C,,+I(V), the only initial con·
dilion is that C,(O) = 0 for all i. The derivation of this
expression is described in Appendix I. Definition of several
new parameters proves to be convenient at this time:

(I' = the time after elution commences at which
the peak in th~ parent species elution curve
emerges = VrAplAp (12)

a = parent-daughter separation faclor = VplVD
= IpllD = KD/K,.

e = (K,. - K D + Ap - ADl/(Kp - K D) =

I + I,,(Ar - AD)
n(1 - a)

The resulting solution is expressible as

C.+.(V)

(5)

(4)

(6)

(7)

V. - nlK

( s )".fJ - -; V.

o 10 20 30 40 50 60 70
Fraction Number or Effluent Volume

lin Exce.. 01 Void Volume)

Figure 1. Sample elullon peak where the parameter V.
Is the volume at whlch the maximum concentration of
eluting species appears and fJ is the full width of the elu­
tion peak at .-1 X height ofthe peak maximum

Since the parameters V. and fJ are known from experiment,
the values of n + I and K can be obtained from Equations
4 and S.

II•. Theorellcal Plate Concept: labile Species. PARENT
SPECES. Consider now the elution of P radioactive nuclei
with decay constant Ap. The mass-balance Equation I must
now contain an additional term, - ApP,dl, which accounts for
the loss of P by radioactive transformation,

where K p is the· parent partition coefficient and A p =
A,.(dl/dV) - A;I4>. where 4> = dVldl.is the constant flow
rate of eluent through the column.

The initial conditions used in solvins Equation 6 are as
follows: At the initiation of the elution process p.(V) =
1'(0). [1'(0) is not. however. equal to the original number of
P loaded onto the column at I < 0 but may be obtained
from the latter in a straightforward manner]; P,(O) = 0
for i > I. The details of the solution of Equation 6 are
given in Appendix 1. The result is

Po+.(V) = 1'(0) (KpV)n.-IK, + A,)I'

n!
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Figure 2. Elution curve calculated for a mixture
of "'Tm (7.7 hr) and "'Yb (57 hr) - '''Tm where
at the initiation or the elution process there is 40
times as much Yb present as Tm on the column.
The fto,,' rate is such that the Yb elution peak
occurs after 1 hr of flow. Solid cunes represent
undecayed '''Yb and '''Tm which "'ere originally
part of the sample load. The dotted curve repre­
scnts "'Tm produced from "'Yb decay during the
course of the elution
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Equation 24 contains only decay constants, flow rate, peak
positions, and peak widths as parameters. all of which are
fixed by the particular scpnrution under investigation.

which yields the effective time of separation

I [ AD - Ar C'/P(O) ]
T, = --- In I + ._-- .

AD - A,. A,. D' / D(O)
(27)

As an illustration of the phenomenon under discussion
one can consider the following case: cation exchange sep­
aration of '''Yb (57 hr) parent from '''Tm (7.7 hr) daughter
where at the start of elution there are 40 times as many IUYb
nuclei as IUTm nuclei, the column contains 200 theoretical
plates as determined from the Yb elution curve and Equation
8, and the Yb and Tm maxima elute at fraction numbers
22.5 and 32, respectively. Figure 2 is the calculated elution
curve for a flow rate of 2':/3 minutes per fraction, that is,
the Yb peaks -I hr after elution commences. The solid
curves arc for lUYb and (primary) lUTm. The tailing of
Vb into Tm is minimal. The dotted curvc delineates the
amount of pnrent-produced (secondary) lUTm in each
fraction. If one were to consolidate fractions 2g through
38 into a "'Tro sample, 27% of the tolal "'Tm would be
contaminant It'Tm. Alternatively, this result is expressible
as an cffcctive time of separation, T. of 0.13 hr. If inslead
one combined fractions 32 through 3g, thcn 15 % of the total
"'Tm in the sample would be due to hereditary conlamina­
tion reducing T. 10 0.06 hr. This example serves to illustrate
the magnitude of the hereditary contamination correction
only for these specific circumstances.

Equations 23 and 24 can be used to cvaluatc C' /P(O) and
D' / D(O) from dala. Note that from Equations 23, 24, and
27, T, the time of consolidation of the numerous fractions
into a single sample, cancels out when Expression 27 is used,
provided normal tailing (cross contamination) is negligible
in comparison to hereditary contamination in the sample, as
is assumed.

EXAMPLE

(25)

(26)
/)'(T,)/D(O) _ D'/D(O)

G(T,)/P(O) C'/P(O)

where

EFFECTIVE TIME OF SEI'ARATION

The form in which resuhs calculated direclly from Equa­
tions 23 and 24 appear cnn be expressed in a morc convenient
alternative form, in terms of nn "effective time of separation"
of parenl and daughter components by which is meanl the
following: if one were lo have a mixture conlaining P(O)
and D(O) nuclei at lime t = 0 and an hypolhelical instan­
taneous separation were to occur at some subsequent time
I = T" then at time T, the number of parent nuclei P(T,) =
P(O)e-'''', Ihe number of undecayed original daughter
nuclei'V'(T,) = D(O)-'D'., and Ihe number of decay­
produced daughter nuclei G(T,) - ArP(O)[,-'''' - ,-'D'.]/
(AD - Ar). The time T, is defined by equating Ihe ralio
D'(T,)/D(O):.G(T,)/P(O) from the above hypothetical parti­
tion to the equivalent ralio calculaled from Equations 23
and 24 using data from the aClual experimental chromato­
gram. This ratio is used in order to obviate the neo.:ssity
of knowing the value for D(O)/P(O). "Effcctive lime of
sepamtion" is Ihus the lime al which a hypothetical instan­
taneous separation of parent nnd daughter species would
yield Ihe same parenl,daughter proportionalion in a sample
as is obtained from the actua! column procedure.·

From lhe above discussion

D'(T,)/D(O) ,->.0••
G(T,)/P(O) - A,{, "" -, 'D"lI(An - Ar)
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V. - volume at which the peak in the general
elution curve emerges; see Figure 1

V0 = volume at which the peak in the elution curve
for daughter species emerges'

Vp = volume at which the peak in the elution curve
for parent species emerges

a = parent-daughter separation factor, i.e.. V/,/Vo
fJ = width of elution curve at r' times the

maximum; sec Figure I
,,(n + I, u) _ in~omplete gamma function; see Equation 16

).0 = decay constant of daughter species

).p - decay constant of parent species

AD ., fraction of daughter nuclei per unit volume
which decay in the time the unit volume
flows, i.e., ).lldt/dV

Ar ... fraction of parent nuclei per unit volume
which decay in the time the unit volume
flows, i.e., ).pdt/dV

- fraction num~r

II,. ., fraction number at which parent species
elution curve peaks

T, ::=0 effective time of separation, i.e., the time at
which a hypothetical instantaneous sep­
aration of parent and daughter species
would yield the same sample as is obtained
from the column procedure; Sl."C Equation
27

cI> = column flow rate, dV/dr
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Separation of Uranium from Seawater
by Adsorbing Colloid Flotation

Young S, Kim and Harry Zeitlin

Department of Chemistry and HOlm;; InSI;lIl1e of Geophysics, UIl;n:rsily of Hawaii, /folloluill. l/(IIm;; 96822

A procedure is described for the separation from sea­
water of uranium present as the stable tricarbon­
atouranyl anion by an adsorbing colloid flotation
technique which utilizes a collector-surfactant-air
system, At pH 6,7 ± 0.1 the uranium is adsorbed
effectively on the positively charged ferric hydroxide
collector, Upon addition of the anionic surfactant,
sodium dodecyl sulfate, and the bubbling of air through
the seawater, the colloidal particulates of ferric hy·
droxlde enriched with uranium by absorption are
floated within 2-3 minutes to the surface as a stable
froth which is easily removed. Uranium was analyzed
spectrophotometrically using Rhodamine B. Average
recovery of uranium from seawater by this method
Is 82%,

A RECI. -r PAPER (I) has doscribed the first application of a
bubble tc'Chnique to sC/lwater for the separation of a trace
metnllic constituent. Under optimal conditions, molyb­
denum os molybdate is floated "to the surface quantitatively
and reproducibly in less than five minutos as an easily remov­
able froth by a positively charged iron(III)'hydroxide collector,
an anionic surfactant (dodc'Cy1 sodium sulfate), and air.

The behavior of the collector-surfactant-air sy~tem toward
a metallic anionic species such as molybdate prompted an
investigation to determine whether the flotation method could
be applied successfully to other trace metals which exist in
seawater us unions. This communicntion is concerned pri­
marily with the extension of the scparntion process to urnnium
believed to be present in seawater as the very stable tricar·

(I) Y. S. Kim and H. Zeitlin, S,par. Sci., in press.

bonatouranylate ion. UO,(CO,j,'- (2) [KJ ;" = 1.7 X 10-"
(3)]. Othl:r I1ldhods for the Sl:parntion of uranium in sea­
wnter which is present in the 2.9-3.3 .ug/I. range include co­
pn..'Cipit<llion with aluminum phosphate.:: and ferric hydroxide
and solvent extraction (4). In ordl:r to dctl:rminl: the sepa­
rated uranium spcctrophotometrically, a modilkd procedurl:
was workl:d out involving Rhouaminl.: B (5, 6) which provc~

to be comparable to other spectrophotometric and fluoro­
metric methods (7. 8), diminaling the nt:Cd for :J nuorescence
nllachment. Rhodamim: B has not been employed previously
for thl.: dctl:rmination of uranium in natural waters.

EXPERIMENTAL

Apparatus and Equipment. A Beckman DU spectro·
photometer wns used for absorbance mcasurl.:menls. The
ubsorbanccs were read in low volume matched quartz cells
of 1.0-<:m path length. The pH of the solutions was de-

(2) E. D. Goldberg. 'The Sea:' M. N. Hill, Ed.. Vol. 2, Inter·
sciencc, New York. N. Y., 1966, P 5.

(3) A. G. Klygin and I. D. Smirnova. Russ. J. Illorg. Che11l .• 4.
42 (1959).

(4) J. P. Riley and G. Skirrow. "Chemical Oceanography." Vol.
2, Academic Press. London. New York, 1965, PP 391-392.

(5) Frausto do Silva and Legrand de Moura, 1111. COllf Peacl'[uJ
Uses At. Eo/UKY. 28, 537 (1958).

(6) H. H. Ph. Mocken and W. A. H. Van Neste. Allal. Chi11l. ACla.
37,480 (t967).

(7) Academy of Scicn~cs of the USSR, "Analytical Chcmistr)'
of Uranium:' Israel Progrnm for Scientific Translntions, 1963.

(8) E. B. Sandell. "Colorimetric Determination of Tr3CCS of
Metals," 3rd l.-d., Intcrscicnce. New York, N. Y.• 1965. P 903.

1390 • ANALYTICAL CHEMISTRY, VOL. 43. NO. 11, SEPTEMBER 1971











Table I. Enthalpy Changes for Reaetioas Studied
Reactant Reaction

Acetate c,.H,Ot- + H+ _ CtHao,H
Pyridine CaHaN + H+ - C.H,NH+
Glycine CH,(NH,+)COO- + OH- - CH,(NH,)COO- + H,O
Phenol C.H.OH + OH- - C.H.O- + H,O

.. Error limits given are standard deviations of the mean for a series of four runs.
• These values were determined in 0.01 M NatS04.

fl.H kcal/molea

0.05 ± 0.01'
-4.97 ± 0.01'
-2.80 ± 0.01
-7.75 ± 0.01

Table II. ResuUs of Analyses of Dinary Mixtures

_Mole % Mnles X 10'
Sodium IIA 118 liT

acetate (I1A) Pyridine (1t8) Taken" Found' Taken" Found~ Taken" Found·
0 100 4.97 ± 0.04

10 90 0.52 0.63 ± 0.02 4.97 4.95 ± 0.04 5.49 5.57 ± 0.02
30 70 1.56 1.67 ± 0.03 3.98 3.95 ± 0.03 5.54 5.62 ± 0.02
50 50 2.62 2.75 ± 0.03 2.49 2.45 ± 0.02 5.11 5.20 ± 0.03
70 30 4.19 4.21 ± 0.08 1.49 1.52 ± 0.02 5.68 5.74±0.07
90 10 5.24 5.32±0.13 0.50 0.52 ± 0.03 5.74 5.85 ± 0.02

100 0 5.24 ± 0.03

The moles

3.85 ± 0.01'
2.95 ± 0.02
3.67 ± 0.01
2.99 ± 0.01'
3.57 ± 0.01

3.86
2.92
3.72
3.03
3.53

3.44 ± 0.01
3.33 ± 0.03'
1.63 ± 0.02
1.65 ± 0.01
0.97 ± 0.01'
0.29 ± 0.01

3.46 (by wt)
3.46
1.73
1.73
1.04
0.35

Glycine (IIA) Phenol ("0)
o 100

10 90 0.40 0.51 ± 0.02'
40 60 1.19 1.32 ± 0.01
50 50 1.99 2.02 ± 0.02
70 30 1.99 2.02 ± 0.02'
90 10 3.18 3.28 ± 0.02

100 0 3.98 (by wt) 3.96 ± 0.01

D The moles taken for the sodium acetate-pyridine mixtures were based on the moles found for the respective 100% solutions.
tnken in the case of glycine-phenol mixtures were based on the weight measurements.

• Error limits given arc standard deviations for a series of four runs.
~ Only three runs were made on these mixtures.

All heat change data were corrected for the heat of dilution
of the titrant to the ionic strength extant at each data point
in the main period. Because the ionic strength of the sodium
acetate-pyridine solutions at the end point was a function
of nA and nIh an iterative calculation procedure was used to
correct for the heat of dilution of the titrant. Approximate
values of nA and nB were calculated using an uncorrected
QT value. These nA and n.. values were then used to calculate
a value for the ionic strength, which in turn was used to
correct QT for the heat of dilution of the titrant. This
process was reiterated until nA and no remained constant.
The iteration procedure was unnecessary for the phenol­
glycine mixtures since the ionic strength at the end point was
a function only of nT. All heat of dilution data were taken
from reference (6) and all computations were done on an
IBM 360-67 computer.

The end points, and hence nT, for all of the titrations were
found graphically from the enthalpograms as plotted by a
DigiData plotter (4 inehes/ml).

The fl.H values for reaction of the individual components
were determined by filling selected points in the reaction
region of the main period to a linear equation by the method
of least squares. The IiH value was calculated directly from
the slope of the linear equation (cal/time inlerval) by use of
the buret delivery rate (ml/time interval), and the titrant
concentration (mmole/ml) (7).

Stock solutions of NaOAc (Baker Analyzed Reagent),
pyridine (Eastman White Label), glycine (Eastman White
Label) and phenol (Allied Chemical c.p.) were prepared

(6) V. B. Parker, "Thermal Propcnies of Aqueous Uni-univalent
Electrolytes," NSRD5-NBS 2, U. S. Government Printing
Office, Washington, D. C., t965.

(7) L. D. Hansen and E. A. Lewis. J. Chern. Therrnodyll., 3, 35
(1971).

using doubly distilled and boiled H.O. Anhydrous sodium
sulfate (Mallinekrodt AR) was added (0.15 gflOO ml) to all
solutions containing sodium acetate or pyridine in order to
enhance the end-point sharpness for calorimetric titration of
the sodium acetate with HCIO. (1.009M). The sodium
acetate and pyridine stock solutions were standardized by
thermometric titration. The glycine and phenol stock
solution were prepared by weight and the concentrations
checked by thermometric titration with NaOH solution
(0.7042M).

RESULTS

In order tn test the procedures and apparatus, the enthalpy
of ionization of water was determined by titrating NaOH(aq)
with HCIO. (aq) (7). The average value of 13.331 ± 0.005
keal/mole found for IiH,· is in excellent agreement with the
value determined by Hale .1 al. (13.335) and Vanderzee and
Swanson (13.336) (8, 9).

The enthalpy changes for reaction of the individual com­
ponents with Ihe respective titrants as determined in this
study arc given in Table I.

The IiH values given in Table I apply at the conditions
under which the mixtures were analyzed. The values are in
good agreement with literature values (4) although this is
not critical for the purpose of this study since the t1H values
arc in principle only calibration constants. The estimated
total uncertainty in the values in Table I is -0.05 kcal/mole.

Typical sets of enthalpograms for pyridinc-sodium acetate

(8) J. D. Hale, R. M. Izatt, and J. J. Christensen, J. Phys. Chern.,
67,2605 (1963).

(9) C. E. Vanderzee and J. A. Swanson,.ibid., P 2608.
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Rotated Mercury Cell for Controlled Potential Coulometry

Elimination of Background Current by Digital Normalization

Ray G. Clem, Fredi Jakob,' Dane J.1. Anderberg,' and La,nence D. Ornelas'

Nuclear Clll!mislrj' Dioision and LAwrence Radiation Laboratory, University a/California, Berkeh')'. Calif. 94720

A cell which is rotated at high speeds and contains a
thin-layer. mercury. working electrode has been de·
veloped for controlled potential coulometric deter­
minations. The cell, which is the first successful
departure from stirred mercury pool types, has several
advantageous features. Constant mercury geometry
assures very low noise operation and background
currents that are substantially less than most stirred
mercury pool cells. A large solution surface area to
solution volume ratio results in sparging times that can
be as short as 20 seconds. Electrolytic rate constants
of 0.020, 0.017, and 0.012 sec-' were obtained for the
determination of Pb, Cd, and U, respectively. A
unique arrangement of the reference and auxiliary
electrodes has been developed. This very compact
combination contains both reference and auxiliary
electrodes in a single probe configuration. With this
electrode, it should be possible to produce scaled down
versions of the rotated mercury cell, which currently
requires 2 ml of mercury and 2 ml of solution. A new
procedure termed "normalization" which requires the
use of digital equipment permits the elimination of
the continuous background current from individual
titrations. The result is improved precision.

To THE DE-on' of our knowledge, the rotated cell reported in
this paper embodies the first succcssrul conceptual departure
from the stirred mercury pool design first proposed by Linganc
more than 25 years IIgo (/). The reported cell is a cylinder
which is dosed at the bottom, purtially opened at the top, and
is mounted on n turntable rotated ut 1800 rpm wilh a syn­
chronous mOlOr. Owing to density differences and the high
centripetal force. the mercury phase is held rigidly as a thin
film on the wall of the cell, while the solution is forced into a
film lying on top of the mercury. Contacting of the solution
filin with n novel, stationnry, fumed-silica (2)-rcfcrence elt:c­
trode combination probe gt:ncrah.:s a very efficient stirring
action which. together with the favorable mercury electrode
surface area to solution volume ratio provided by the cell
geometry, results in the attainment of quite high electrolysis
rates. The cell noise level is substantially less than that found
in conventional 'cells since the surface arca of the mercury
electrode is not free to fluctuate in time. The high solution
surface area' to solution volume ratio results in very short
spnrging times. A 20-scc sparging is recommended in the
gcncrnl procedure. Although sqlution and mercury volumes
of 2 ml of each phase are employed presently. there arc prob·
ably no reasons why cells with much smaller capacities could
not be fabricalCd.

Briefly mentioned in a previous paper (3), but detailed

I Permanent address. Chemistry Department. Sacramento State
CoUege. Sacramento, Calif. 95819

• Glass Shop.
, Machine Shop.

(I) J. J. Lingane. J. Amcr. Cltrm. SO<".. 67. 1916 (1945).
(2) R. G. Clem. F. Jakob. and D. Anderberg. ANAL. 01,'1.• 43.

292 (1971).
(3) R. G. Clem and W. W. Goldswollhy. ibid.• p 918.

here for the first time is a new procedure termed "normaliz.a­
tion" which allows the subtraction of the continuous back­
ground current from individual controlled potential coulo­
metric titration curves. The precision of the titration results
arc improved by more than a factor of 4 in the example cited,
I.r.. the determination of U(VI) in sulfuric acid. Impkmen­
ullion of this normalization procedure requires the usc of
digital fL'Cording equipment, some arithmetic data processing
capabilities, and the ability to electronically display the
stored data in a log-linear fashion.

EXPERIMEf'o,TAL

Instrumentation, Reagents, and '\..fatcrials. The digital
instrumentation used has been described previollsly (3). In
addi'ion. a General Radio Model 1538-1\ slrobe light was
employed. A Beekmlln No. 39270 saturated calomel elec­
trode was used as reference.

Stock, 2M KCI and 1M H,SO. supporting eleclrolyte solu­
tions were prcpaft.:d by dilution of reagent grade chemicals.
All water used was distilled. Stock, 5wndard metal ion solu­
tions were prepared in the following manner. Weighed,
gram amounts of reagent grade cadmium and lead were
dissolved individu;'llIy in nitric acid and converted to the
chloride form by repeated evaporations with hydrochloric
acid. The excess hydrochloric acid was removed by evap­
oration to ncar dryness, and these solutions were made to
volume with water. Gram amounts of NBS U 30,4 (assay
99.95%) were similarly weighed and dissolved in nilrie acid.
and the excess of this acid was removed by repeated fumings
with sulfuric acid. After being cooled. the residue was made
to volume with water. \Vorking solutions of the cadmium
and lead stock solutions were.: prepared by dilution with
water. Working solutions of the uranium stock solution
were made IM in H 2S0 4 and a.2M in sulfamic acid on dilu­
tion. All volumetric ware (flasks with T.O. pipe's) was of
class A tolerance. The calibration of the wash·out micro­
pipets was confirmed by weighing mercury.

The high purity nilrogen employed. to sparge oxygen from
thc solutions prior to titration, contained nominally less
than 10 ppm and avcraged 3 ppm oxygen by mass spectro­
graphic analysis. It was necessary to saturatc this dry gas
with water prior to admitting it to the coulomctry cell, to
prevcnt evaporation of the sample solution during the
electrolysis.

Mascro Laboratories "high-purity," instrument grade
mercury was nliquoted into the cdl using a luer-tipped,
''Tomac'' disposable, 2.5·ml hypodermic syringe. The
plunger tip of the syringe was sheathed in Tenon (Du Pont).
when it was learned from X-ray fluorescence analysis that
the original rubber tip contained considerable amounts of
metals, notably zinc. Oxide·free mercury can be drawn
by inserting the luer tip beneath the mercury surface since the
dross has no tendency to cling to the plastic syringe. The
need for pinholing the mercury is thus eliminated.

Construction of the Rotated Cell and Assembly. Figure J
shows an exploded view of the rota'ed cell apparatus. A
set of detailed drawings of the apparatus is a"ailable upon
request. The foHowing is supplementary information com­
plementary to the drawings.
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Preparation of a coaxial salt
bridge

1 2mm o.d Iublng

2

Asbesla§ fiber
Z

Gloss-sealed asbeslos
----------~

End view
lip

Asbeslos fiber-gloss
seal blown to

Flared to fit 0 hemispherical
{ 6mm o.d. lube shope

3 I <.<~ >sP=;;

Completed coaxial salt bridge

Reference __ ~__~
6 soil brod e ---- -~=:J End benl 9o'--111l

6mm o.d.lube Anoryle comporlmenl CUi on~iPshoped

~~~~~§~~~~:~_Closed end of~; 2mm lube cenlered

Open end of Ihe 2mm Enlarged seclion and sealed
lube sealed 10 a ~6mm i.d.

6mm a.d. lube

Figure 2. Coaxial probe construction

into the holder using n small screwdriver. The excess wool
is cut with shears ubOUl '/. in. frolll the end of the holder,
and the holder is mounted in tht: bracket attached to the
positioning collur. The brush pressure should be such Ihat
the turntable docs not heat up. even after prolonged operation.

This contact is relatively trouble free, provided it does not
become contaminated with mercury. Amalgamated bronze
is a hard substuncc, completely lucking in resiliency and
therefore useless us n contact nmlcrinl. If mercury is spilled
on the wool, the entire tuft must he discarded and a new one
laken. Contact bounce enn occur when using a brush type
contllct; however, if it docs occur in this system, the time
width is less than 0.1 jJSCC. This kind of a contact was
deVeloped because We wished to make the cell portable. A
mercury contoct should work us well.

Note that the brush and all the associated melal purts ure
ultimutely mounted on the Lucite base and are thus clec·
tricolly isolated from the motor and housing.

The sWinless-steel probe holder is made specifically to
accommodate a yariety of 6-mm or smaller o.d. glass probes
and is open at the end to facilitate easy lube mounting and
demounting without the necessity of removing the positioning
collar or disturbing the probe holder nlignment. The probe
holder is so designed that the probe cannot move in either
the horizontol or the verticol plane when locked.

The Lucite hinged cell cover is mounted less thon 10 mils
from the top of the rototed cell. In its open position, it
permits the oliquoting of the sample ond mercury into the
cell. In its e10sed posilion, it blocks enlry of air into the
cell. The channel in the cover, which terminates in a short
tube, permits the directing of nitrogen into the ccll. The
exterior of the cell is in contoet with the air.

Cell Cle.ning .nd Preconditioning Instructions. Before
the ccll, if it is made of lucitc, can be used, it is necessary to
remove the contaminants introduced during its fubrication.
The cell, as received. must be thoroughly washed with dilute
hydrochloric acid. rinsed with waler, then ethanol. After
being dried, the cell is sooked overnight in 2M H,SO.. The
following day, it is washed with water and filled with O.IM
HCID4, and the platinum, mercury<ontact wire is anodized

against another platinum wire for a short time using a IO-V
source. This acid is discarded and the cell is refilled with 0.1 M
HCID.. This timc, the contact wire is cathodizcd and, after
u few momcnts, .........0.5 ml of mercury is introduced. The cell
is tilted so that the mercury touches the contact wire; the
mercury will now onto and thoroughly coal the cxposed
platinum. Thc solution and excess mercury is discarded
and the cell is then washed with water, dried, and mountcd
on the copper turntable. It is now ready for use.

Failurc to heed these c1caning and preconditioning in­
structions will result in very high background currents.

Probe Construction. The two probes used in this work
ure shown in Figure I, upper left. The first probe consists
of pamllel arrungement of the reference anolyte salt bridges.
The refercnce bridge terminates in an asbestos wick, and the
anolyte bridge terminates in a glass frit. These parallel
probes arc easy to construct. The second probe consists
of a coaxial arrangement in which the reference bridge is
located at the cenler of the anolyte bridge. This type of
probe is more difficult to construct. See Figure 2. Draw­
ings 1 Ihrough 5 show the sleps required for the fabrication
of the coaxial probe, Drawing 6 is a side view of the com­
pleted probe, and Drawing 7 is an end view of the tip. The
probe tip design is very important and will be discussed
below.

Salt Bridge Preparation and Alignment. Both probes arc
prepared for usc in the following manner: the reference
electrode salt bridge is filled with 1M KCI. Using a poly­
ethylene spitzer, the anolytc compartment is injected, as
described in a previous paper (2). with eilher a fumed-silica,
gelled solution of 1M Kel when titr2ting cadmium or lead,
or a fumed-silica, gelled solution of 1M H,SO. when titrating
uranium. The anolyte compartment is then filled with the
same solution as the gelled onc.

Position the arm of the stainless-steel probe holder along
an imaginary line passing through the center of the cell,
then lock ii into this position by tightening the jam nut.
Clamp the probe in the holder SO that the center of the
probe tip is just below the center of the cell and facing toward
the probe holder vertical support. Aliquot 4 ml of water
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Table n. Reproducibility of Phosphor Preparation

Intensity Intensity Intensity
ratio ratio ratio

Sample Set OdlEr CY. % Sm/Er CY. % EulEr CY, %
A 0.36 0.26 0.14

I. B 0.26 ±18.0 0.20 ±14.0 0.10 ±16.0
C 0.32 0.24 0.12

A 1.50 1.18 0.64
2. B 1.39 ±16.0 0.98 ±15.0 0.45 ±17.0

C 1.42 1.04 0.56

A 6.50 5.40 3.2
3. B 5.58 ±1O.0 4.50 ±1O.0 2.3 ±8.0

C 5.84 5.10 2.6

Table HI. Impurity ElTeds on the Determination of Rare Earths in U,O,

Conen in Intensity ratio
Impurity U,O•. ppm OdlEr SmlEr EulEr OylEr PrIEr

residual 1.44 1.17 0.54 1.94 1.44

Fe 500 1.46 1.12 0.50 1.90 1.49
750 1.60 0.92 0.63 1.81 1.60

1000 1.51 0.98 0.52 2.06 1.46

Ca 500 1.21 1.01 0.63 1.97 1.33
750 1. 36 1.01 0.55 1.95 1.28

1000 1.41 1.22 0.63 2.08 1.50

AI 500 1.49 1.08 0.47 1.83 1.26
750 1.50 0.99 0.54 1. 78 1.56

1000 1.62 0.95 0.48 1.58 1.33

Fe + AI + Ca 200 each 1.47 1.06 0.57 1.87 1.32
500 each 1. 37 1.06 0.46 1.76 1.23
750 each 1.53 1.09 0.46 1.85 1.37

of the blank at the selected wavelengths were calculated.
These concentmtions are defined as the detL'Ction limit.
The analytical curves are shown in Figure 7.

Subtle variations in preparative procedures as well as
changes in the concentration of extraneous impurities in
the sample may affL'Ctthe analytical line fluorescent intensities
in a mther unpredicted manner (9, 20, 2/). However,
tl)esc intensity changes may be externally compensated by
applying the well-known internal reference principle (9, /2).

The reproducibility of phosphor preparation was evaluated
by analyzing the mre earth content of three synthetic U,0.
samples. Initially, three phosphor base mixtures were
prepared from different lots of chemicals, each of which was
utilized to prepare five different phosphor samples. Thus
for each U,O. sample, 15 phosphor preparations were ob­
tained. The observed coefficients of variation of the intensity
mtios calculated for each sample are tabulated in Table
II, from which it is evident that the reproducibility of phosphor
preparation as measured by thc.intensity mtios is of the order
10 to 20%.

The deliberate addition of Fe, Ca, and AI, which are
typical of the impurities occurring in nuclear grode uranium,
has been utilized to study the influence of these impurities
either individually or cumulatively on the determination
of the rare earths. The data for lhe relative intensities of
each of the rare earths as well as intensity ratios are shown
in Table 111. The pallern of variations observed is random
and no systematic trends arc evident, even though the level
of impurities added is far in excess of those found in nuclear
grade uranium. This significant absence of impurity effects
as compared to earlier observations (9, 20) may be a fortuitous
characteristic of this particular host. The incorporation of
the Er internal reference clement, however, is highly desirable
because n change in the intensity of the Er reference lines
serves to monitor drastic changes in phosphor character·
istics as well 8S instrumental variations.

RECEIVED for review April 12, 1971. Accepted May 19, 1971.
Work performed in the Ames Laboratory of the U.S. Atomic
Energy Commission, Iowa State University. Ames, Iowa.
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2.43 ± 0.14
1.79 ± O·OS
1.42 ± 0.16
2.18 ± 0·26
2.11±0·OS
3.74 ± 0.6g
4.3g ± 0.46

d
1.13±0.42
1.99 ± 0.6g
2.93 ± 0.12
3.35±0.73

0.68 ± 0.08
1.0j ± 0.06
1.16 ± 0.12
1.47 ± 0.05
2.12 ± 0.07
2.05 ± 0.05

Table 1Il. Melhyl Chemical Shifts
of the Methylhenzia)antbraccncs

Slope (5) of plot of
Chemical shift at chemical shift DS.

Isomer infinite: dilution,- ro concentration'

I 6.75Oj ± 0.002j
2 7.3531 ± 0.0008
3 7.4436±0.0011
4 7.2534 ± 0.0008
5' 7.2868 ± 0.0009
6' 7.1945 ± 0.0048
7 6.8944 ± 0.0010
8 7.1741 ± 0.0018
9 7.4279 ± 0.0031

10 7.4098 ± 0.0023
II 7.0687 ± 0.0012
12 6.604g ± 0.0017

• In 95:5 (w:w) CCl.:TMS.
• S _ (r - TQ)/C, where C is the solute concentration in grams/m!

for any point (C. T) on the Icasl·squarcs fitt~d line defined by these
data.

e Doublet, J _ 1.2 Hz.
~ InsuOkienl sample for accurate measurement of slope.

Table IV. Melhyl Chemieu. Shifts of the
Melhylbcnzo[e]phenunthrencs

Slope (5) of plot of
Chcmjenl shift at chcmicnl shirt l'S.

Isomer infinite dilution,· TO concentration'

I 7.5872 ± 0.0007
2 7.3488±0.0008
3 7.4042 ± 0.0007
4 7.1774±0.llOO(;
5' 7.1964 ± 0.0006
6' 7.1862 ± 0.0009

• In 95:5 (w:w) CCI.:TMS.
• S • (T - T'o)fC. where C is the solute concentration in groms!

m' for any point (C, r) on the least-squares filted line defined by
these dato.

, Doublet, J - 1.0 Hz.

experimenlal error, and il is apparent from Ihe data in Table
III thttt a mixture containing all Iwelve isomers could be as·
sayed by NMR. The four carcinogenic derivatives (6-, 7.,
8-, and 12-) arc particularly easily idenlified On the basis of
their chemical shiflS.

The data for 9- and lO·methylbenz[a)nnthrucene illustrate a
potential liinitalion of the method. While their To values
differ substantiully (by 0.018 ppm), the rate of increase in T

with concentration is almost twice as lorge in the isomer which
appears allower l1eld, und their methyl chemicol shifts should
become identical at an effcclive concentralion of approxi·
mately 21 mgfml.

Several approaches COn be laken to circumvent the dinkul·
ties arising in specific enScs from a chemical shift similarity of
this sort. In the example of the preceding'paragrllph, for
instance, on appropriate chonge in the concentration would
permil the mixlure 10 be assayed for the IWO cOl11l'ounds.
Small chemical shift differenCes could be magnified by deler·
mining the spectrum al higher field slrength, bUI, in Ihe ab·
sence of this allernative, we have found that dccoupling tcch­
niques can simplify inlerpretation by narrowing the peaks; an
example of this approach is described later in this section.
It might be possible 10 separate overlapping resonances in
some cases by changing the solvenl. (Shift values for thesc
compounds at a single concentration in dimelhylsulfoxide-d,

Figure 3.
Methyl region
NMR spectra
in 95 : 5 (w : w)
CC": TMS of
an cquimolar
mixture of 4-,
5-, und 6­
methylhenzo·
[e]phennothrene:
a normal scan;
and b during
simultaneous ir­
radiation at
2.384 T with
500mV

1187.20122
r

arc given in reference /4). Finally, peaks outside the mdhyl
region might be useful, but somewhat less sensitive. analytical
probes.

DalO for the monomethylated derivatives of benzo[c]phen­
anthrene (V) arc given in Table IV. Three of these com­
pounds arc well separated in chemical shift, and thus easily
analyzed. The 4., 5·, nnd 6-isomcrs, on the other hand,
possess magnetically similar melhyl groups, and the spectrum
of an equimolar mixture (Figure 3a) of the thrco compounds is
accordingly quite complicated. The presence of four peaks
in the methyl region can be attribuled to the fact that the S­
and 6-methyl groups arc both doublets, the downficld half of
the former happening to coincide with the upfield half of the
latter. Simultaneous irradiation of the aryl protons responsi­
ble for the doublets gave rise to sharp singlets for bOlh methyl
groups. While the decoupled spectrum (Figure 3b) is not
ideal for analytical purposes, the occurrence of three peaks
with the proper relative chemical shifls clearly reveals the
presence of all three isomers, and curve-resolving techniques
can be used to estimate the concentrations as approximately
cquimolar, in agreement with the known composition of the
mixture.

The relative melhyl chemical shifts of the compounds in­
v~stigatcd so far can be ra~ionalizcd in terms of the struCLUral
considerations outlined by Martin (/5) for th~ resonances of
lIromntic protons. Thus f3 methyl groups (i.e., those with no
benzD substituent in the ortha-meta position) appear 3t signiti­
eanlly higher field than a-melhyls (ortho to a single benzo
ring), which arc in turn significantly shielded with respect to
those of the 'Y-type (ortho to two benzo rings). At 10wl'St
field are the a3-melhyl groups of compounds such as 1- and
12-methylbenz[a]anthmeene, in which the angular arrange­
ment of aromatic rings provides an especially strong deshicld­
ing innuence. Of the methyl shifts given in Tables I-IV. the
only one which dOl"S not corrdate reasonably well with the
corresponding aryl prolon shift is that of I-melhylbenzo[c]­
phenanthrene. The anomalously high methyl chemical shifl

(14) R. J. OucHene and B. G. van Lcuwcn, J. Org. Chem., 34, 62
(1969).

(15) R. H. Martin, TelralU'droll, 20. 897 (1%4). and subsequent
papers of that scrit:S.
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Figure 7. Time-averaged (225 scans) methyl region NMR
spectrum In 95 : 5 (w : w) CCI, : TMS of the monomethyl.
trlphenylene fraction of amber petrolatum

mcthyl derivative oftriphenylene (VII). The NMR spectrum
(Figure 7) of this fraclion was dominated by a single pcak at
7.46 T (T. - 7.3996 ± 0.0021l. Although shift data for neilher
melhyltriphenylene isomer appear to be available, this peak
can rather convincingly be assigned to the 2·isomcr, since u

methyl group at the I.position sbould appear roughly 0.7 ppm
toward lower field by vinue of its angular orientation with
respect to the benw ring.

The presence of at least five other compounds is evident
from this spectrum. One of the two small peaks al 6.67 and
674 Teach of which integrates \0 roughly 2% of the mixture,
';ighl' correspond to I-methyltriphenylene. Allematively,
since chrysene (VUI) derivalives had lx:en shown by UV to be
present to the extent of about 10% in this fraction, these two
peaks could be due \0 4- and 5-melhylchrysene; the latter com·
pound, while reponed to be rather strongly carcinogenic (/7),
would, however, be prescnt in the whole petrolatum to the
extent of only a few parts per billion.

Finally, the noteworthy sensitivity of the NMR method
described in Ihis report can be illustrated using Figure 7.
After lime-averaging overnight, the peaks al 6.67 and 6.74 T,

each of which corresponds \0 only 30-40 .ug of sample, are
quill: suitable for quantitative analysis, and it seems likely that
the limits of detection could be lowered even further with the
appropriate use of Fourier transform and/or microcell tech­
niques.

RECEIVED for review April 12, 1971. Accepled May 19, 1971.
Presented in pan to the Midwest Regional ACS Meetins,
Lincoln, Ncb., October 29, 1970. The financial suppon of
the U. S. Public Health Service, Contract No. 43-68-959, is
gratefully acknowledged.

(17) G. M. Badger, Advoll. Cancer Re,}'., 2,73 (1954).

Gas Chromatographic Determination of Aqueous

Trace Hydrazine and Methylhydrazine as Corresponding Pyrazoles

L. A. Dec
Air Force Rockel PropulIion lAboratory, Air Force Systems ConJlnand,
United Slales Air Force, Edwards, Calif. 93523

A gas chromatographic technique is described In which
hydrazlne and methylhydrazlne are determined slmul·
taneously at concentrations of 0.1 to 50 parts-per·
million in aqueous solution. Detector sensitivity to
hydrazlne and methylhydrazlne is enhanced by quan·
tltative formation of the substituted pyrazoles with
2,4-pentanedione prior to chromatographic separa­
tion. Unsym·dimethylhydrazine, urea, alanine, iron,
copper, and aluminum do not interfere with the
analysis.

HYDRAZJNE, HYORAZlNE SALTS, and simple organic derivatives
are used industrially as fungicides, antioxidants, reducing
agents, and as rockel fuels (l). A reliable method for the
measurement of hydrazine and hydrazine derivatives in dilute

(I) R. Kirk and D. Olhmcr. "Encyclopedia of Chemical Tech­
nology," Vol. II, 2nd ed., John Wiley & Sons. New York, N. Y.,
1966, p 185.

aqueous solution is necessary for both industrial and environ·
mental conlfol because even though low concentrations afC

ofleo effective in processes, these concentrations may be quite
toxic (2).

Hydrazines urc generally powerful reducing agents, and
many sensitive tcsts for their prescnce are based on this prop­
erty. Feigl and Dacorso (3) reported a number of spot tests
based on reduction of melal ions by hydrazine. Sant (4) used
the reduction of Ag(NH.),'+ to Ag' to indicate the presence of
hydrazine. Weakley el al. (5) applied the hydrazine reduction
of Fc)i-, present in excess, to FeH and reaction of the remaining
Fe'" with 2,2-bipyridine to an indirect spectrophotometric

(2) N. Irving Sax, "Dangerous Properties of Industrial Materials,"
3rd cd., Reinhold Book Corp., Albany, N. Y., 1968. P 819.

(3) F. Feigl and G. E. Dncorso, Chemist-Analyst, 32, 2g-3O (1943).
(4) B. R. Sant. Mikroehim. ACla. 1958, 169-70.
(5) F. B. WcakJey" al., Microehem. J., 7(2). 185-93 (1963).
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Table n. Loss of Mercur)'
(HgH Form) during Low.Temperalure Ashing"

Sample No. of hours Loss of
identification of ashing mereur)', %

Loss or
Fish I 3.5 81.4mercury. %
Fish 2 3.5 81.9
Fish 3 3.5 91.8

16.4 Fish 4 7.0 98.0
18.3 Fish 5 7.0 98.0
38.8 Fish 6 7.0 98.0

1.71
0.12
4.56

Table I. Loss of Mercury
from Samples during Freeze.Drying"

Initial levels
of mercury

(natural form)
in ppm

Sample
identification

A. Fish homogcnalcs
Fish D·21
Fish E·21
Fish G·21

(6) T. T. GorSUCh, Allal)'st, 84,135 (1959).

EXI'ERIME rrAL

Sample Preparation. In neutron activation analysis using
reactor neutrons, it is highly desirable to have lhe snmple
comp!lcted, as well us free from excessive nmounts of mois­
ture. Since biological samples usually arc not too dcnsc
and they contnin a significant amount of moisture, proccsscs
such ns oven-drying, freeze-drying, ashing, etc. arc often
used to prepare samples for reactor irradiation and sub­
sequent hundling. During this investigation, u low tem-

of the high vo!ntility of mercury compounds, ordinury COl11­

bustion prol'cssCS tin: not suitable to decompose the bound
mercury nnd to colh:ct them for anulysis. Wet oxidation
processes arc often used to dcgrudc these materials for trace
una lysis. An excellent discussion of the release of mercury
due to volatilization under n variety of wet oxidation con­
dilions was mnde by Gorsuch (6) lhrough his sludy on lhe
recovery of trace clements in organic and biologicnlmateriuls.

The common procedures using It radioactive tracer to
determine recovery nnd unnlytical accuracy arc not well
suited ror the analysis of mercury in biological und environ­
mental snmples. This is because of the limited knowledge of,
nr.d possible variations in the chemical form of mercury
pn.."SCnt in lhcsc samples. Experilnents using one particular
chemical form of radioactive tracer can only infer that the
procedure nmy work, but it docs not necessarily mean that
the procedure docs work for the forms of mercury actually
present in the sample. Recognizing these limitations, an
attempt wns made to develop a reliuble neutron uClivation
analysis procedure to determine tmce levels of mercury in u
variety of biological nnd environmentul sumples.

E. Sediment/silt (L:tkc Eric)
s!s·EE 2.30
.!s·EF 2.35
s!s·EG 2.05

• VirTis Mllniford type nnd VirTi~ Model
were used.

b Not detectable.

.. Tracerlab Low Temperature Asher Model No. 505, radio
frequency power level = l(X) watts (maximum), oxygen now rate =
100 cc/minute, sample temperature = 110 ~C (maximum).

peratun.: asher using oxygen plasma for oxidizing tissues,
twO freeze·dryers (without mercury gauges) and an ordinary
laboratory o\'en were used La investigate the possibility of
using them for pre-irradiation sample preparation.

A Set of tissue homogenates were mixed with radioactive
mercury (HgH form) and were homogenized to form a
slurry. These samples were aliquoted into freele-drying
flasks and the mercury activity was measured by gamma ray
speclrometry using a 10 cm X 10 cm Nal(Tl) deteclor. The
samples were quick-frozen using a mixture of crushed dry
icc, liquid nitrogen. and ethyl alcohol. The freeze-drying
continued using a similar cold trap. The radioactivity from
the mcrcury was again measured and compared with stan­
dards used prior to freezc·drying. The results shown in Tnbh.:
I (Section D) indicate that there is no signilkant loss of
rudioaCLive mercury (Hg~t· form) from the fish homogenate.

The frecze·drying processes described above were repeated
using a set of fish homogenates, human brain tissues, plank­
ton/algnc, and sediment/silt samples previously analyzed
for their mcrcury content by the neutron activation analysis
procedure detnilcd below without any pre-irradiation prep­
aration. Thc rcsidunl samples from the freeze-drying pro­
cesses were again analyzed for their mercury content by
neutron activation analysis. The results of these analyses
shown in Table I (Sections A. C, D, and E) indicate that
there is significant loss of mercury from all the samples
except sediment/silt during the frceze-drying process. Since
the uSc of radioactive tracer indicated that ther~ was no
signifkant loss of Hg~t- mt.:rcury during freele-drying. the
losses observed here may be attributed to volatile forms of
mcrcury present in the samples.

The investigation of a low tempt.:rature asher (Tracerlab
Modd 505). for preparing analytical sampks for neutron
activation, involved the usc of fish homogt.:natcs spiked with
radioactive mercury (I-Ig:t- form) as dt.:scribcd earlier. The
mercury content of the aliquots was measured by gamma my
spectromelry beforc and aftt.:r ashing. The results shown
in Table II clearly demonstrate that this technique is not
suitable for the preparation of aShcd samples for neutron
activation.

Assuming that it was the volatile organic mcrcurials that
wert.: lost during frl.'Cze-drying of the sample, an attt.:mpt was
made to convert the mercury compounds in the samples to
inorganic form by exposure to high radiation doses. The
results of thcse experimcnts, shown in Table III, indicate that
the mercury in biological tissucs can be stabilized against
loss during freele-drying by exposurt.: to high doses of high
energy nuclear radiation. This procedure, howevcr, is cum­
bersome for routine application.

An nltcmpt to utilizc ordinary laboratory ovens to dry
samples of sediment/silt and plankton/algae also revealed
that there is significant loss of mercury from these samples
even when tempemturc:s of the order of 60 °C were used.
Tht.: results shown in Table IV arc sdf-.explanatory.

N.D.'
N.D.
N.D.

56.5
24.3
18.0

N.D.
N.D.
N.D.

50.0
42.1
(>4.3

I()..IOO frccl.c-dr)crs

0.43
0.15
0.72

17.86
17.86
17.86

B. Fish homogcnatcs spiked
with radioactive mercury
(Hglt- form)

Fish G-20
Fish G-40
Fish G·6Q

C. Human brain tissues
Pons
Coronu rudiula
Ccrcbdlllr cortex

D, PlunklOn!u!ijUc (Luke Eric)
PL-Cx
PL.-C)'
PL-Cl
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5.1

16.4

14.7

15.3

None

1.48

1.68

1.50

1.51

1.77

Mercury
content of

sample, ppm-

Table m. Ell'eet of Exposure of Fisb
Hornogeoates to Radiation Prior to Freeze-Drying

Loss of
mercury during

freeze-drying.
%

Description of radiation
exposure and processing

I. No radiation exposure. No
fn."Czc.drying

2. No radiation exposure.
Freeze-dried

3. Exposed to 1.2 mcgarads of
X-ra)'S using a Van de
GrnafT machine. Freeze­
dried

4. Exposed to 2.4 megarads of
X-rays using a Vnn de
GraalT machine. Freeze­
dried

5. Exposed to 2 mcgnrods of
gamma rays and 2 X 10"
neutrons per em' in a re­
uctor. Freeze-dried

6. Exposed to .5 megarnds of
gamma ra)'s and .5 X lOll

neutrons per em' in a reac-
tor. Freeze-dried 1.69 4 . .5

d The mercur)' present in these samples was in the natural form.
The results given are the averages of more than two determinations
by the nculron activation anal)'sis described.

neutron flux of about 5 X IOU neutrons cm- 2 sec- 1 for 2
hours using a PULSTAR research reactor at the Western.
New York Nuclear Research Center. Because of the high
caplure cross section for thermal neutrons (8) [3092 barns
for '''Hg(n, 'Y) "'Hg, and 107 barns for '''Hg(n, 'Y) I17mHgl,
caution should be exercised to limit the size of the standard
to avoid self-shielding and flux pertubation. The samples
were allowed to decay for at least I hour prior to processing
in order to allow the short-lived activities from the matrix to
decay,

Wet Ashiog andlor Extractive Digestion. The apparatus
we have used for the wet oxidation of biological tissues and
extractive digestion of soils and sediment samples is 8 simple
version of the apparatus described by Bethge (9) and used by

Table IV. Loss of Mercury from
Lake Samples during Low-Temperature Oven Drying-

Initial levels
of mercury

Sample (natural form) Loss of
identification . in ppm mercury, %

A. Plankton/algae
(Lake Eric>

I'L·Bx 17.86 51.1
I'L-By 17.86 71. 7
I'L-Bz 17.86 60.6

U. Sediment/silt
(Lake Eric)

s/s·EA 2.25 23.6
s/s·EB 2.25 12.4
s/s·EC 2.25 12.4

d 50 hours of drying in a laborator)' oven at 60 r;c.

From the above mentioned findings and the reported
findings of Greenwood and Clarkson (7) regarding storage
of samples, it is generally a good practice not to pre-process
samples to limit the bulk or to reduce the moisture content
and not to store samples in containers that adsorb mercury
on their surfaces. The following procedures were used to
prepare samples used for reactor irradiation during this
investigation:

SOLID BIOLOGICAL TISSUES. The samples of fish and other
biological tissues were kept frozen until ready for usc. The
tissues were homogenized using a blender and/or a grinder
made of stainless stL-c1 or borosilicate glass. A convenient
analytical sample (about I to 3 grams) of the homogenized
tissue was carefully wcighed into a small polyethylene bag
(4 X 12 COl size) made of 0.2-0101 thick sheets. The air
from the bag was squl"Czcd out and the bag was heat sealed,
allowing a void space equivalent to at least twice the volume
of the wet tissue sample, which allowed room for the gaseous
radiation products produced during reactor irradiation.
\Vet tissue weights of these samples were used for calculating
Ihe results.

PLA"KTO"/ALGAE SAMPLES. The plankton/algae samples
were collected lIsing a fine mesh (14 meshes to a centimeter)
plankton net. The samples collected in glass bOllles were
frozen as soon as possible. Prior to sampling for analysis,
the conlents of glass bOllles were allowed to partially thaw
to separate most of the icc from the plankton/algae samples.
After separating the icc, the plankton/algae samples were
transferred into tared polyethylene bags described in the
above section. The bags were made to fit into standard
50-1111 centriruge tubes. The polyethylene bags conlaining
the samples, supported in centrifuge lUbes, were centrifuged
lIsing a high speed centrifuge. The supernatant water was
poured out. and the final visible traces of watcr spots in the
bag were remo\'ed by a cotton swab. A weighed portion
of this sample was takcn out into a small aluminum foil dish.
The remainder of the ",mpie (about 0.2 to I gram) in the bag
was weighed along with the polyethylene bag to determinc
the weight of the wet sample. The aliquot of the sample
taken in the aluminum foil dish was dried in a laboratory oven
at 60° for 50 hours or until it attained a constant weight.
These data were uscd to calculate the dry weight of the wet
s3mph: in the polyethylene bag. The sample was sl:alcd
in the bag after squl:czing out the air as described carlier.

SEOI.\1ENT/S1LT SM,lPlES. The sediment/silt samples were
collected using two kinds of gear. An Eckman dredge
which gathers samples from approximately the top 5 cm
of sediment and a Peterson dredge which picks up the rna·
terials between 3 and 30 cm below the mud-water interface
were employed in collecting the lake sediments. The samples
collecled in large (2-titcr) containers were ston.~d at room
temperature until usc. Since flint glass surfaces arc known
to adsorb mercury (7), the analytical samples were aliquoted
from the middle part of the container. They were homog­
enized before the excess water in the snmples was removed
by centrifuging. The moist samples were contained in poly~

ethylene bags and their dry weight was determined as de­
scribed for the plankton/algae samples. The equivalent dry
weight of the sediment/silt samples were used in calculating
the n:sults.

In preparing soil samples, coal, flour, and plant tissues for
mercury analysis, the above mentioned procedures can be
readily adapted. However, for the determination of mercury
in liquid samples, none of the above mentioned pre-irradiation
preparations arc suitable.

Neutron Acth·ation. The samples encapsulated in heavy
duty polyethylene containers along with mercury standards
(contained in thin quartz vials) were irradiated at a thermal

(7) M. R. Grl"Cnwood and T. W. Clarkson, AII/("r. /Jul. HYK. Ass.
J., 31, 250 (t970).

(8) W. Sedmann-Eggebert, G. Pfenning, nnd H. Munzel, "'Nuklid­
karte," 3rd ed., Der Bundesminister Fur Wissenschaftliche,
Forsthung, Bonn, 1968.

(9) P. O. Bethge, Allal. Clrim. ACla, 10, 317 (1954).
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Figure 1. Apparatus used for controlled ...et­
:ashing and/or dig('Stion of samples for mereur)·
amll)'sis

Sjostrand (10) for oxidation of biological tissues. The ap­
p:lralUS shown in Figur..: I can be pUl 109;clhcr with readily
available parts from U. S. distributors.

The irradiated sample contained in the polyethylene bag
was removed and the eXCeSS bag material around the heat
scaled area containing the sample was trimmed to minimize
the amount of polyethylene to be ashed. About 200 10 300
1111; of lx.lg mUh:rial lh:H contained the sample was usually
ushcd along with the sample to prevent any loss of mercury
adsorbed or recoiled on to the surfaces of this container. The
sample in the polyethylene cnc:lpsu)ation wus inserted into
the 200-ml distillation flask contuining an accurlltely known
omount of mercury carrier (50 111& of I-Ig/ml as HgH) and
10 ml of coned nitric acid. The apparatus shown in Figure
1 was nsscmbh:d nod through the top of the condenser 5
ml of concd sulfuric acid and 5 1111 of 70% perchloric acid
were udded. A volume of 2M hydrochloric acid sunicient
to cover the lower bent portion of the splash hend trap was
placed abow the condenser. The contents of the flask
were simmered «100 °C) for about half un hour and the
temperature was then ullowed to risc to 120 °e. The two­
WilY stopcock on tht.: reservoir was c1osc.;d and tht.: dislillah.:
was allowed to accumulatt.: in the reservoir of the reflux
column. 1 he temperature rises rapidly from 130°C, and
caution should ~ cxercisl.'d to ensure that heating is moderate
and the tcml>crnture rise is not rapid. A violent reaction can
result if the heating is cxccssive und the polyethylene bag
catches fire by the nction of perchloric and sulfuric acids.
When the temperature rcached J50-J60 °e, the hcnting mantle
wus dropped und the flask \Vus allowed to cool down to
below l){) 'c.

The condensate in the distillation column wus cardully
drained into the flask and heating continut.:d. The stopcock
wus lett open to the flask and rcfluxing continuc.:d for another
15 minutes. By this time, all the orgunic materials including
t~e polyethylene bug had dissolved cOfnpletely und the solu·
tion was c1cnr and fn.."C from oily substunces from biological
tissues. If traCeS of undissolved or charred tissucs and oily
suspension remained. tht: proces!. of heating to 150 °e and
subsequent renuxing· was rcpcated. In the case of soils
and lake sediment samples. nil thc organic constituents
dissolved leaving ,Uside mostly insoluble silicales. Planktonf
algae samples readily dissolv~ to form a cll:ar solution.

The conh:nts of the Oask were allowed to cool. During the
cooling period. the stopcock on thc r~nux column wus closed
and the splush hcad trup and the condenser were wllsht:d
down with onc or two.tO-1ll1 volumes of water, add..:d to lhe
reservoir on the trap. The washings und thc contents of the
distillation flask were transferred 10 u 250-ml beaker. In
the case of soil und sediment samples, the insolublcs wt:rl:
scparutcd by ccmrifuging prior to . transferring the solutions
into beakers.

Separation of t\olerCUf)'. The excess ucids were cardull)'
neutralized using ammonium hydroxidc. Thc solution was
then made acidic (ubout 2M) with hydrochloric ucid. This
solution was wurmcd und lr..:at..:d Wilh h\'dragcn sultidc g;lS

(10) B. SjOSlrand. ANAL. CII..... 36. 8t4 (1%-1).

until the prccipitation was complete. The contents of the
ocakcr wac warmed ;tnd were allow..:d to CO~lgUlatc bcrore
centrifuging. The sullide precipitates were washed with
warm 2M hydrochloric acid to remove most of the iron,
aluminum, chromium, manganese, nickel. cobalt. etl.:., that
may have precipitated along with mercuric sulfide. The pre­
cipitates. aftl.'r washing with warm water, were mixed with
5 ml of ammonium poly~ulfidc.: and I 1111 of 21\1 sodium hy­
droxide and werc kept warm in a water buth, to allow the
dissolution of antimony. arsenic. and tin sulfides, if any.
The precipitates were then washcd wilh warm \Vatcr. followed
by 3M nitric acid, to remove copper, cadmium, imd probably
tracc.:s of other dements such 3S gold, plalinum, mol)'bcknum.
selcnium, etC.

The mercuric !.ulfidc prcl:ipitate in the cl.'ntrifuge lUbe was
then mixed with 5 to 10 drops of freshly prl.'pared aqua rt.:gia
<lnd was kept warlll on a water bath for IU to 15 minutes.
It is important herc to usc the minimum amount of aqua
regia and also to rt.:1110ve llIost of the eXCess acid byevapora­
tion. Caution should be cxcrcis..:d not 10 allow the sampk
to go dry. Thc mercury salts were tht.:n dilutcd with about
30 III1 of watt.:r and warmcd to coagulate the sulfur. The
~olution was Jiltt:red into a 250-011 ~aker using a coarsc
lilter paper. The centrifuge tube was washed und this was
also poureu through the filter. Thc solution in the oc;lker
was diluted to about 200 011 and used for electrolysis.

Electrolysis. Tht.' electrolytic deposition of mercury was
done u,ing platinum anodes and gold foils (2 X 2 X 0.02
cm) ItS cathodt:s. The gold foils wer~ properly markc.:d
and wcighed berorc electrolysis. The mercury stnndard
irr:ldiated along with the samples wus dissolvc.:d and a known
aliquot was transferred into a 250-011 beaker containing an
aCl·uratdy known amount of macury carrit:r (about 50 mg
of lJIl.'rcury a:-. I-Ig::). Duplicate sarnplcs of the standard
wcre also dcctrolyzc.:d along with the samples. The e1ec·
trolytic cdls were connected in par~l1le1 and a dl.: pOlc.:ntial
or about 4.5 volts WilS applied using a constant voltage
supply. The total curn:nt flow through sixtc..:n cells was
usually less than 0.8 ampae. The dectrolysis under these
conditions allowed an extrcmely uniform dt:position and
amalgamation of mercury on tht.: gold surface without too
much bubbling and lump formation. Usually the electrolysis
was carried out overnight (16 hours or more).

The cathodl's, aftcr electrolysis. had a bright silv.:ry ap·
pc:mlllce. Incompkte chemical separation of other con­
stituents, and eXCess acidity of the electrolysis solution result
in blackcnc.:d foils and precipitation. The cathodes were
identified and rinSt::d with dcionizcd water before trans·
f..:rring them into 50·ml bc.:akc.:rs containing ethyl alcohol.
and the eXCess alcohol adhl.'ring to the foils was wip..:d off
with an absorbc.:nt tissue paper. The foils wcre thc.:n either
uir·dried or oven-dried at 60 °e. Oven drying ovcr ten
minutes should be.: avoidl.'d ~IS there is a likelihood of loss of
mercury from the gold foil. If the foils should be cooiL-d
or arc to be storcd for a short duration. they may be placed
in a d..:siccator containing silica gd.

The mcrcury deposited on each of the foils was determined
by rewdghing. The foils were then sca.led individually in
bctwt.'Cn vcry thin poly~th)'lenc sht."Cts and w~r.: usc::d for
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Table Y. Peaks Included in the Aromatics Spectrum, A(M)

z series Lowest mass Value

Table VI. Factors for Determining
Saturates Contributions to Aromatics Summations

:-scrics sums

P interference on ~ 128- equals:

0.26 X [S(I27) + S(141) + S(155) + .. 10 cnd]
P interference in (A-t - 1)- of ~128 C4ua1s:

I' X (0.1675 X 10-' X MW - 0.1615 X 10-')

• No base line is used for (M)· of ~128. The parallio inter­
ference is calculated from the C .. H:.... peak series of the S spt..-ctrum.

Sieranes
2:78 1.55 3.41 2.17
2:104 0.10 4.61 3.41
~129 0.02 0.30 4.61

Fractions of saturates
total ions I' CI' CCI'

~78 0.0010 0.0023 Fa
~104 0.0005 F lo1

~129 FIZ ,

H(M)
HD/(M)
H(M)
HD/(M)
H(M)
HD/(M)
H(M)
HD/(M) - SCM)
H(M) - SCM)
HDI(M) - SCM)
H(M) - S(M)
HD/(M) - SCM)
H(M) - SCM)
HD/(M) - SCM)

-10
-6 plus -7 -8 plus -9 plus -II

78
91

104
117
130
129
128
141
154
167
166
179
178
191

-6
-7
-8
-9

-10
-11
-12
-13
-14
-15
-16
-17
-18
-19

where P ... toWI ions from paraftins
ep = totul ions from noncol1d~nscd cydoparlillins
cell = total ions from condensed cycloparallins
F" - 0.9 X 10-' X MW + 0.0346
F", ~ 0.1542 X 10-' X MW + 0.8133 X 10-'
FlU = 0.286 X 1O-~ X MW - 0.J726 X 10-:

cell interference in uny (M - I)" series equals:

eep interference in the summation X (M - I)"J[(M - I)"" +
(M)']

The resultant A(M) spectrum contains contributions from
saturates. including stcranes, that must be eliminated ~forc

the final analysis. However, these are removed later by
correcting summations of peaks rather than individual pl:aks
in the spectrum.

First Aromatics Computation. Wilh only slighl modifica­
tion, the previously described aromatics procedure (3) is
applied to the A(M) spectrum, and the same I<rms apply.
The only new terms nrc related to the saturates interferences
that must be removed before the final aromatics results arc
obtained.

Before the peak summations obtained for the class analysis
are processed through the inverse matrix, intcrfen:nces from
steranes arc removed from the summations representing
Classes I, II, and III. The sums oblained for z ~ -6, -8,
and -10 steranes, ~n the formula C"H:ni " arc each multiplied
by the appropriat< factors given in Tabl< VI to obtain lheir
total contributions to ~78. ~104, and 2:129. Although these
factors were derived from a published spectrum of cholestane

Table m. Peak.by.pcak Factors to
Correct SCM) for Deviation from Base Lines

z series Mass Factor z series Mass Foctor

+1 113 1.000 -3 1JJ7 1.570
127 0.946 221 1.41JJ
141 0.896 235 1.400
155 0.889 249 1.370
169 0.944 263 1.370

277 1.200
0 98 1.200 291 1.100

112 1.230
126 1.170 -4 ISO 0.954
140 0.930 164 0.875
154 0.8SO 178 0.854
168 0.900 192 0.865

1JJ6 0.870
-I 139 3.200 220 0.900

153 2.370 234 0.950
167 2.130
181 2.000 -5 163 2.01JJ
195 2.000 177 1.900
1JJ9 1.570 191 2.020
223 1.420 205 1.530
237 1.41JJ 219 1.510
251 1.330 233 1.370
265 I. 250 247 1.360
279 1.140 261 1.310
293 1.070 275 1.220

289 1.180
-2 138 0.932 303 1.100

152 0.862
166 0.854
180 0.900
194 0.940
208 0.960

-3 109 3.850
123 3.110
137 2.540
151 2.290
165 2.080
179 1.900
193 1.900

Table IV. Data for Stcranc Summations

Base points-
Tll'e Low mass High mass Step"

C.H••_. 330 442
329 441
~ 246
1JJ3 245
246 274
245 273

COIH b _. 328 440
327 439
244 272
243 271

C.H,._.. 326 438
325 437
242 270
241 269

• Base points nrc peak heights ni the· masses indicDted. Usc
polyisotopic heights for even mosses and monoisotopic heights for
odd masses.

• Steps) nrc performed first by obtaining sums of heights above
the base lines at the masses in each series between the base points.
A positive sum confirms the presence of the sternnc t)'PC and sums
from Steps 2 orc addt"d to the Step 1 sum. A zero sum in Step 1
indicates absence of the type nnd Steps 2 nrc omitted.

Only the peaks required for determining oromStics need be
entered in A(M). Thcse consist of the homologous series
that include as their lowest masses the first significant (M)+
and (M - 1)+ peaks. These first peaks and the values that
go into A(M)are given in Table V.
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Table XIII. Compositions of Products from Processing SAE-IO Lousiana Distillate for Lubricating Oil Base Stock
Liquid volume, %

Distillate, %
Paraffins
Noncondcnscd cyclopamOins
2·Ring condensed cycloparaffins
3-Ring + condensed cycloparaffins

Total s.:1turntes
Benzenes
Nnphthe:ncbcnzcncs
Dinaphthcncbcnzcncs
Naphthalenes
Acenaphthcncs. dibcnzorurans
Fluorcncs
Phcnanthrcncs
Naphthcncphcnunthrcncs
P)'fcnes
Chryscnes
Pcrylcnes
Dibcnmnthraccncs
Bcnzolhiophcncs
Dibcllzothiophcncs
Nophlhobcnzolhiophcncs
Unidentified

Total aromatics
Calculated totnl ioniUllion. %

Distillate

100.0
21.3
27. I
14.8
15.4
78.6
2.6
1.6
3.0
2.1
1.6
2.1
1.6
0.4
0.9
0.4
0.5
0.7
0.6
0.5
0.4
2.4

21.4
99.0

Waxy
raffinalc

72.4
26. I
32.5
16.4
17.3
92.3
0.7
00
0.8
1.4
0.8
0.7
0.0
0.0
0.0
0.0
O. I
0.6
0.1
0.0
0.3
2.2
7.7

97.3

Extract + Extract +
waxy wax +

Extract Wax Base stock raflinatc OOSC stock
27.6 14.4 58.0 100.0 100.0

7. I 73.2 15.5 20.9 21.6
13.5 12.9 36.7 27.2 26.9
8.1 5.0 17.6 14.1 13.1

12.2 5.2 21. I 15.9 16.3
40.9 96.3 90.9 78. I 77.9

5.7 0.2 1.1 2.1 2.2
4.4 0.1 0.0 1.2 1.2
7.4 0.3 0.8 2.6 2.6
4.7 0.4 1.7 2. :\ 2.3
5.3 0.7 1.0 2.0 2. I
6.7 0.0 1.2 2.4 2.6
4.9 0.1 0.0 1.4 1.4
3.0 0.0 0.0 0.8 0.8
4.4 0.0 0.0 1.2 1.2
2.1 0.0 0.1 0.6 06
0.9 0.0 0.2 0.3 0.4
0.9 0.2 0.6 0.7 0.6
1.5 0.0 0.2 0.5 0.5
1.5 0.4 0.0 0.4 0.5
1.1 0.0 0.3 0.5 0.5
4.6 1.3 1.9 2.9 2.6

59. I 3.7 1),1 21.9 22. I
101.0 97.8 97.0

CONCLUSION

An il1lporwnt feature of our procedure is its applicability to
most, if not all, snmpk-s encountered in petroleum processing.
Thus, it is now possible to use n single method to determine
compound types in fractions ranging in volatility from heavy
naphthas to hcuvy cas oils and in composition from all saw­
rutes to all aromatics. This is not only un advantage for the
analyst, but, of more significance, it avoids thc discontinuities
in data that cun occur when separate methods arc used.

In our mcthod, agreement bctwcl'n cillculatcd and observed
total ioniZD.tion is about ± 5% for samples boiling in the
range of 400-IOOO'F nnd inerenses only slightly if the range
extends to 200-IIOO'F. When compnred with the method of

Hood and O'Neal for saluratt.'S (4), in the applicable carbon
number range, it gives about equ<tl rt.·~ults on p<tntllins, but
somewhat higher noncondensed and l·ring condenst:d cyclo­
paraHlns at tht: expense of 3-ring+ compounds. We have
found no nt:ed for separate inverses to ltccomodate prcdomi­
nanlly n-paraffinic and isoparaninic samples.

COMPUTER PROGR"~I

The computer program in usc in this laboratory. written in
Fortran IV, will be available to prospective users of our proce­
dure. Details may be obtained from the aUlhor.

RECEIVED for revil:w January 28, 1971. Accepted May J3,
1971.

Spectrofluorimetric Determination of Orthophosphate as
Rhodamine B Molybdophosphate
G. F. Kirkbright, R. Narayanaswarny, and T. S. West

Chemislr)' Departmen,l, Imperial College, Londo", S.IV.7., U.K.

Between 0.04 and 0.6 "g of phosphorus is determined
as orthophosphate vi. formation of the lon-association
complex of molybdophosphate with the basic dyestuff
Rhodamine B. After extraction of excess dye reagent
Into chloroform, the Rhodamine B molybdophosphate
is extracted into chloroform:butanol. (4:1 v/v) and the
intensity of the fluorescence In this solvent measured
at 575 nm with excitation at 350 nm. Optimal con­
ditions for the determination have been established
and the effects of lllO-fold excesses of each of 37 foreig~
Ions have been examined. The determination is
highly selective; large amounts of silicate do not
Interfere, and As(lIl) and V(V) are tolerable at 25- and
50-fold weight excesses, respectively. The structure
of the Ion-association complex has been examined.

CoMMONLY EMPLOYED METHODS for the determination of
orthophosphate arc based on the absorption spectropho-

tometry in solution of molybdophosphorie or molybdo­
vanadophosphoric acids, or of their r~duclion products in
aqueous or organic media. Tht:sc methods arc neither highly
sensitive nor selectivc, although thc latter rni.JY be attained by
solvent extraction of the het~ropoly acid or the usc of masking
agents (1-4). Sensitive and selective procedures have been
described for the determination of orthophosphate by indirect
amplification, in which the twelve molybdate ions associated
with each phosphate ion in the hctcropoly acid arc determined
by molecular or atomic absorption spectrophotometry after

(I) C. Wadel in nnd M. G. Mellon. ANAL. Cot,,, .• 25. 1668 (1953).
(2) J.l'aul. Anal. Chi",. ACla. 23,178 (1960).
(3) J. Paul, A1ikroclJim. Acta. 1965, 830.
(4) R. A. Chalmers and A. G. Sinclair. Anal. Chim. ACla. 34, 412

(1966).
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Figure 2(b). Effect of Rhodamine B reagent concentration 011

r1uort'Scence in chloroform-but:mol

high blank fluorescence, as the excess RhB is extracted into
chloroform beforc extraction of the RhBMPC into chloro­
form-butanol.

Effect of Acid, Ilhodamine 8, and l\'lol~'bdateConcentrations.
The condilions employed inilially for the formation of MPC
were similar to those used by Waddin and Mellon (f). The
dfect of hydrochloric acid concentration in the aqueous
phase on the formation of Rh BM PC was studied using the
general experimental procedure described above. The
experiments wac conducted using 7.5 .ug of P in 0,3 011 of
aqlH:ous solution to which 10 011 of 0.24mM RhB solution
and 20 ml of diluled molybdate reagent solution (1: I) were
added in the prescnct: of varying molarities of hydrochloric
ncid. The elfecI of the hydrochloric acid molari.y in the
original solution on the fluorescence intensity measured in the
final chloroform-butanol extmct is shown in Figure 20, A
l"onccntf3tion of 1M HCI was chosen as the optimum in the
initial solution and was used in all further work.

The optimum RhB concentration was ddermined similarly
using 12.5 "g of P in 0.5 011 of nqueous solution, 20 011 of the
dilu.ed reagent (I: I), and an overall ncidi.y of 1M HCI.
The excess RhB. if uny. was remo\'t:d as described above by
three extractions with 10·011 aliquots of chloroform before
the final extraction with 25 ml of chloroform-butanol. As
shown in Figure 2h the fluorescence increases up to 8 ml of
O.24mM RhD and this remains constant when the reagent
concentration is increased further. Ten milliliters ofO.24mM
RhB solution was therefore chosen for usc; this represents an
approxima.e1y 75-fold weight excess over 1 ~g of P. This
Rhodamine B concentration was used for further work, al­
though to permit the determination of small weights of phos­
phorus the volume of all the reagents was halved compared to
the above experiments.

A significantly lower reagent blank was obtained in the
procedurc if .he molybdate reagenl was prestripped of phos­
phate impurities before use. This was accomplished by the
preliminary extraction procedure described in the experimental
section. The molybdate reagent concentration employed
was that shown in earlier work (7) to result in quantitative
formation of molybdophosphoric acid with microgram
amoun.s of phosphorus. Thus 5 011 of 56mM molybda.e
reagent solution was used in all experiments.

Extraction of Excess Rhodamine B Reagent and Rhodamine
B Mol)"bdophosphnte. In order to obtain low blank Ruorcs-

OS 1·0 1.5 20 2.5
OVCI'QJI Hel concentration (M]

100

", '"

~

i1
1i
50

~

~
!i
Ii:

.
~ SO

~

Figure I. Uncorrected excitation and emission spectra in
bulonol/CHCI, of:

«(I) l\fol)'bdophosph:ltc nhB complex (cljuhalcnt to 0.5 JJJ.: of P), and
(6) Ileogen. (llhU) nlone (2.4 X 10 -. AI)

widths. In addition. the wavch:ngth of the 550·n01 excitation
maximum varies considernbly with the RhB concentration.
Figure Ib shows the fluorescence cx("itation llnd emission
spL"CtrUn1 of the RhBMPC extracted into chloroform-butanol
of.er formation in n 1M HCI solution containing 0.5 "g P.
The appearance of the spectrum" is similar to that of RhB
itself, there being only n slight shift in the fluorescence emis­
sion maximum to 575 nm, This might suggl:st. thnt thl: fluo­
rescence measured for analytical purposes is that of frl:e RhB
itself, afler its liberation from .he RhBMPC ion-association
complex on extraction into chloroform-butanol. AIll.:rna­
lively, if the RhBMPC complex is stable in chloroform­
butanol, the inference is that the ion-association ~lwecn

RhB and the molybdophosphate anion does not alter the
spectral absorption or emission characteristics of the RhB
significantly. In practice. the similarity of spectral excitation
and emission charactcristics of RhB "nd its molybdophos­
phate does not constitute a disadvantage by thc existence of n
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Figure 1. Spectrum of blood sample after
separatioo

(IodiDe - 58 ppb)
Flux: 5 X IOU n cm-l secl
Irradiation time: 25 min
Decay time: 10 min
Counting time: 1 min

to establish if such a column can be used repetitively. Con­
sequently, one column was used for the analysis of seven
urine and four blood samples which had been "spiked" with
lUI. After each analysis, the resin was washed with .........2 ml
of iodine reagent and stored in this reagent when not in use.
The lUI activity in the eluates was measured and always
found to be negligible «0.2 %). Before each new usc of the
column, the resin was washed with 1 to 2 ml of water to
eliminate excess iodine. [n each test the retention of the
1211 tracer was >99.8%. The cumulative amount of iodine
in these eleven samples was negligible (-I I'g) in relation to
the quantity (2.5 mg) lhat such resin can completely retain.
This resin was subsequently used in the routine analyses of
many irradiated samples, and the selectivity was observed to
be the same as that of a new coiumn.

Accuracy and Precision. A value for the overall precision
of this method was established through seventeen repetitive
dctcnninations of the iodine content of one sample of urine.
The average result of these determinations was 107 ppb iodine
with a relative standard deviation of 6.5 %. When various
aliquots (0.2 to 2 ml) of this urine specimen were taken for
analysis, n linear relationship was achieved between the
weight of iodine found and the volume of the sample. An
estimation of the accuracy was made through comparative
analyses of four urine samples by this method and by a semi­
automated method of proved accuracy which involves the
chromatography of 1- on a Dowex 2-X8 column (8). In
Table I is shown the comparison of the results.

Sensitivity. The sensitivity of all techniques that usc
neutron activation analysis, radiochemical separation, and
gumma spectrometry is a function of the following controllable
factors: the neutron flux that is used; the yield of the radio­
chemical procedure; its rapidity, if the half-life of the mea­
sured isotope is short; and the degree of purity with which
this radionuelide can be isolated. One of the limitations of
gumma spectrometry is the accuracy with which a photopeak

Comparath·c Analysis of Urine

Ppb of Iodine

Semi·automatcd
method This method

o

12. It is known that I, is not stable in basic solution but
disproportionatcs slowly to IOH and 1-. IOH is subse­
quently convcrted rapidly to 10-. and 1-. This transforma­
tion begins at pH 9.5 and is total near pH II (/3). The
decrease in retention of iodide when the pH is >9 can prob­
ably be explained by delerioration of the resin through altera­
tion of the iodine species.

Effect of tbe Amount of Iodide on tbe Resin. The efTect of
the amount of iodide in a sample solution was established with
solutions that contained 1"1 tracer and iodide of difTerent con­
centration at a pH of 6.5. Complete retention was aHained
Wilh carrier-free u'l and when as much as 2.5 mg of 1- was
passed through the column. However. when 25 mg of 1- was
present in the initial solution, only 73 % was retained during
passage at a rate of2 ml pcr minute.

Effect of Reducing Agent. Iodide has been reported to be
oxidized during neutron irradiation (/0). This would cause
negutivc errors duc to the inability of this "iodinated" resin
to retain free iodine. Such oxidation and consequent loss of
iodine can readily be prevented by adding a small amount of
reducing agent to the sample before irradiation. To establish
the effect of 8 reducing ogcnt on the "iodinated" resin, reten­
tion studies were pcrformed with 2-ml solutions of K,s,O. of
difTereill concenlmtions (at pH 6.5) to which 3 jlg of
iodide and 1111 tracer were added. The retention of the
iodide was 97.5%. 99.0%. 99.2%. and -100% when the con­
cenlmtion of K,s,O. was 0.4 %, 0.2 %. 0.1 %, and 0.05 %. As
cxpected. a.slight decrease in retention was observed as the
concentration of the K,s,O. solution was increased because of
the reduction of f«'C' iodine and its complexes on the resin.
However. when 2 ml of 0.05 % K,s,O. solution is used. no
interference on the retcntion characteristics of the resin is
observed. The introduction of only 0.1 ml of 0.05 % K,s,O.
solution to each sample during' preparation is sufficient to
counteract any oxidation during irradiatioo. This precau­
tion probably is unnecessary when body fluid samples arc
analyzed because identical results have been achieved with
and without the reductant. . Because of the simplicity of the
precautionary measure. this step has been retained in the
procedure.

Repetitive Use ofa Resin Columo. Even though a relatively
insignificant expense of time or money is involved in the
preparation of a resin column. it was considered worthwhile

(13) G. Charlot. "L'Analyse Qualitative et Les R&ctions en
Solution" 334 Masson et D', Paris,I963.

100

Table I.

Sample
I
2
3
4

200
Channel

120
164
127
84

300

109
170
126
83

400
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positive and negative charges. The behavior of the electrons
in the reaction space, in thc absence of a sample component,
consists of energy modcration by inelastic collisions to quickly
reach tempemture equilibrium with the gas. Then. an elec­
tron attachment reaction takes place with the predominant
electronegativc oxyg(:n speCies to form hydrated negative
oxygen ions of the nature (H,O).O,-. Mohnen (9), in studies
of the troposphere. finds the terminal tropospheric negative
ion to be (H,o).O,- where n shows an equilibrium distribution
with a maximum around 3 or 4. Atthe 760-Torr cell pressure,
these reactions occur wilhin a fmction of a millisecond and

(9) V. A. Mohnen, J. G,opl,}·s. Res., 75. 1717 (1970).

within millimeters of the rosition of the ckctron generation
adjacent to the source electrode. The value of 11 is a function
of the water concentration and cdl tcmpaature. At 200 °c
and the to-ppm watcr concentration cited abovc, n typically
has the values 0, 1,2,3. For the positive reactant ion. the
probable sequence of reactions starting Wilh N::" and O!+
evenlually produces (H~O).. H+ ions. The existence of such
wah:r cluster ions under these conditions is \\o'cll known and
their properties have been studied. Burke (10) hns observed

(10) R. R. Burke and W. J. Miller, "Elfects of Ekctric fields and
Sample Expansion on Ion Sampling :.It High Pressure," Procc..'Cd·
ings of the Scventeenth Annual Conference on Mass Spcrtrom­
elr)' and Allied Topics, May 1961}. 0;1IIa$ Texas. paper No. 5..1,
p 163.
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Figure 9. Plasmngrnm of two dilTerent concentrations of phenethyl alcohol

grams shown in Figures 5'-10. Mass assignments for the
individual ion-molecule peaks were mode from the correla­
tion curve in Figure 2. Siructures consistent with th"'"
mosses. to within a 5%corrdation, and with the most prob­
able ion-molecules present, from considering the reactions in­
yolvt.'CI in their creation, were assigned.

The positive plasmogmms of salicylaldehyde, benzoic acid,
naphthalene, acetophenone, nnd phenethyl alcohol show thnt
when coneentmtions arc low, as is indicated by the continued

presence of a strong reactant ion peak, a single peak of the
ion-molecule complex is formed. The data suggest benzoic
acid forms ion-molecule complexes with the (H,o)H+, the
salicylaldehyde nnd naphthalene with (H,o),H+, and aceto­
phenone and phenelhyl alcohol with (H,o),H+.

As either the concentration or reactivity or the organic mole­
cule increases, the reactant ion·peak will decrease and even
disappear, with the resultant formation of higher molecular
weight ion-molecule complexes containing multiples of the
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An Instrument for Measuring the Hydrogen Content of Metals

J. B. Condon, R. A. Strehlow, and G. L. Powell

Union Carbide Corporation, Nuclear Dioision, Oak Ridge, T~nn. 37830

where n designates the amount of hydrogen evolved. L
designates the inherent leak rate of the systcm which is
constant and shows up as a base pressure, and V is the
volume of the respective chambers.

Upon integration and rearrangement, the following is
obtained:

to timc·rL'Solvc "surface hydrogen" from hydrogen distributed
uniformly throughout lhe bulk of Ihe metal. "Surf"ce hy­
drogen" could be atomic or molecular hydrogen adsorbed on
or ncar the surface of the metal or hydrogen combined in
watcr or organic compounds adsorbed on the melul surface.
For most transition metals, these compounds would react
with the metal to produce molecular hydrogen during the
early stages of the hot·extraction process. Tnis "surface
hydrogen" could conlribute up to onc wppm to the total hy­
drogen content of a one·gram metal specimen.

EXPERIMENT,\L

Principles of Operation. The principle of op~ration of
the hot-extraction method used here was as follows. A
sample was allowed to drop into a hot zone in. a high vacuum
system. The hydrogen and other gases were evacuated
through an orifice into a detection chamber which was
equipped with a residual gas analyzer (a small mass spec­
trometer or RGA). Proper control over the pumping
speeds of the extraction chamber and the detection chamber
allowed a calculation to be made of the total amount of
hydrogcn evolved as a function of time. In this system
there was a constant pumping speed, Sit determined by an
orilice from the furnace chamber. The dctection chamber
was evacuated by a constant pumping speed. S'!.. According
to kinetic theory, the pressure in the detection chamber (P,)
w"s related to the pressure in the furnace chamber (P,) by
the following equations:

dP, S, S. L.
- = (P, - P,) - - _..: P, + ...:
dr V, V, V,

(I)

(2)

RT dIl, S, L,
V, & - ,,;<p, - P,)+ v.dP.

dr

and

An instrument has been developed to measure the
hydrogen content of metals in the range from 0.01 to
100 weight parts per million (wppm). The Instrument
requires a O.l-gram to S.O-gram sample size and re­
cords, as a function of time, both the rate at which
hydrogen Is thermally evolved from the sample and
the total amount of hydrogen evolved.

Low CONCENTRATIONS of hydrogen in metals can have a dra­
matic effloct on thcir physical propcrties. Hydrogen is known
to contribute significnntly 10 hardness and embrittlement of
stainless steels and transition metals in general. Stress cor­
rosion cracking in titanium and other transition metal alloys
has bLocn attributed to hydrogen charging. A dClermination
of low concentrations of hydrogen in the one weight-parl-per­
million (wppm) range and lower has bLocome increasingly im­
portant to the sludy of this phenomenon.

Often along wilh a knowledge of Ihc hydrogen conlent, the
diffusion propcrtit's nnd distribution of hydrogen in the metal
or alloy is of vilal concern. This would be l'Splocially im­
portant in the progression of stress corrosion cracking in­
duced by hydrogen charging. A knowledge of the hydrogen
diffusion ratc also makes possible the establishment of reason­
able control speciflcalions in metal and alloy processing.

High sensitivity instruments for hydrogen analysis have
been reported in the literature (/-7). MOSl have relied on
the vacuum hot extraction or fusion method. The most
sensitive (8-/1) utilized the high sensitivity of a gas chroma­
tograph on a collected volume of gas obtained by vacuum
fusion. A few methods utilized a mass spectrometer and hot
extraction to obtain both high sensitivity and instantaneous
readout (/2-/4).

The instrument described in the prcscnlarticle was dcsigned
10 perform Ihe following functions: To measure the hydro­
gen content of a metal in the range from 0.01 wppm 10 100
wppm .using a specimen size ranging from 0.1 gram to 5.0
grams; to measure the hydrogen evolution rate from the
melal; to analyze for gases other thun hydrogen; and to be
operated under routine nnalyticalluborntory conditions.

Hydrogen evolution rate measurements could be used to
determine the diffusion rate of hydrogen in melals as well as

Equalion 4 is also the solution to Equation 1 for the case
where i is proportional to P, and P, »P" Under these
conditions, the mass spectrometer could be used to measure
PI in n very passive manner.

If S, » S, and V, ~ Vio then 1 + V,/V, + S,/S, ~ S:5,.
The last two terms in Equation 3 arc extremely small and the
third term is the base pressure corn..'Ction. Letting P,: = Ai
where i is the RGA signal, N = A (S,/S,) (iI',/RT), and sub­
stracting out the base pressurc corrt..-ction Equation 3 reduces
to:

(1 + ~ + f.) P, + t, f P,dl -

L, + L, L, V, dP,
-v;- I - S~ + S; dI (3)

(I) C. R. Masson, Metal/urg. R,·o.• 12. 147. (1967).
(2) M. W. Mallett. Talallla. 9, 133-144 (1962).
(3) J. Fischer, Fresenius' Z. ,I"al. CIl"m .. 209, 163-176 (1965).
(4) W. Bourn and S. Eckhnrd, ibid., PP 188-197.
(5) N. A. Gokcen and E. S. Tllnkins. J. M"I"ls, 14, 584-87 (1962).
(6) W. G. Guldner. 7(,I""w, 8, 191-202 (l961).
(7) S. Matsuo, T. Hirota, 'Nippon Ki,,=oku· Gakkaish", 31, 590-3

(1967).
(8) F. Speroer alld K. H. Kock. Mewl/. 18, 701-704 (1964).
(9) Richard Lasser and H. Gruber. Z. M<t"l/k, 51, 495-501 (1960).
(10) Richard lasser, T",,,s. Nttl. V"r. Symp.• 8, 782-787 (1961).
(II) J. J. Schmidt-Collerus and A. J. ·Frank. WADD TR. 6Q.482.

Denver Research Institute, University or Denver, Denver, Colo.,
1961.

(12) H. Hintenbcrger, Fusellius' Z. A"aJ. Chi''''.," 209, 176-187
(1965).
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Table I. Elfect of Atmosphere and Laser Eaergy on Laser·lnduced Optical Emission from Iron in Steel'

(Integnlted Photoelectrie Data)

Atmosphere N' Laser energy. mJ Signal' SIB'

Vacuum 14 1.05 ± 0.06 5.99 ± 0.56 18.5 ± 3.9

10 3.63 ± 0.26 10.3 ± 0.4 8.07±1.14
10 8.09 ± 0.86 6.83 ± 0.33 4.79 ± 0.64

Helium II 1.27 ± 0.06 11.1 ± 1.3 5.77±1.13
12 4.38 ± 0.47 45.7 ± 4.4 4.67 ± 0.80

10 9.09 ± 0.56 102 ± 9 4.19±0.53

Nitrogen II 1.19 ± 0.06 15.4 ± 1.6 5.60 ± 0.77
12 4.33 ± 0.42 103 ± 14 6.69 ± 1.49
10 8.48 ± 0.68 230 ± 40 6.89 ± 0.74

Air 10 1.12±0.06 16.2 ± 1.9 5.39 ± 1.06
10 3.96±0.20 137 ± 19 7.92 ± 1.32
10 8.86±0.46 182 ± 25 7.12±1.1O

Oxygen 13 1.57±0.05 24.9 ± 3.4 5.41 ± 1.00
II 4.82 ± 0.16 109 ± 16 5.79 ± 0.98
12 7.86±0.72 244 ± 40 7.25 ± 1.54

Argon II 1.15 ± 0.07 57 6 ± 7.7 11.5 ± 2.1
13 4.01 ± 0.20 276 ± 48 9.7 ± 3.5
II 7.63 ± 0.61 608 ± 49 10.8 ± 1.4

• National Bureau of Standards (NilS No. 462).
• Number of laser shots.
• Background-corrected, arbitrnr)' units, ± sid dey.
~ Signal-to-background ratio, ± sId dey.

3.69± 1.28
3.431-0.63
4.07 ± 0.66

3.53± 1.05
4.20'\' 110
4.39±0.84

3.17'\' 1.06
4.14 ± 0.71
4.40 ± 0.52

4.45 ± 0.85
4.72 =0.62
4.42 ± 0.54

SIB'
20.5 -+- 4.4
9.200+-1.36
5.34 ± 1.20

4.99 ± 0.94
4.36 ± 1.81
4.85±2.95

Signal'

5.22± 0.31
9.30± 069
9.70 ± 1.01

8.12 ± 1.07
35.8 ± 3.1
67.9 ± 6.8

3.04± 0.77
28.5 ± 2.2
76.1 ± 9.0

5.05 ± 1.05
42.7 ± 8.3
86.6 ± 12.2

4.45 ± 0.89
·13.3 ± 6.2
96.8 ± 73

12.~ ± 1.9
105 ± 12
229 ± 23

N'

12
12
13

12
II
12

12
II
II

II
10
10

II
IG
10

10
10
10

Nitrogen

Helium

Air

Argon

Oxygen

Table II. Effcct of Atmosphere and Laser Energy on Lascr·lnduccd Optical Emission from Iron in Magnetic Tape"

(Integrated PholOclcctric Data)

Laser energy, mJ

1.39 ± 0.10
3.89 ± O. J3
8.40 ± 1.44

1.28 ± 0.08
3.84±0.25
8.17 ± 1.17

1.13 ± 0.09
3.75±0.22
7.86 ± 0.31

1.16 ± 0.09
3.89±0.24
7.47 ± 0.34

1.06 ± 0.05
3.62 ± 0.21
7.78 ± 0.28

1.21 ± 0.09
3.93 ± 0.19
7.94 ± 0.15

Atmosphere

Vacuum

• Mcmorcx (MRX-3) (Mcmorcx Corp.• Sanaa Clara. Culif.).
• Number of loser shots.
• Background-correcttd. arbitrary units. ± std dey.
<I Signal-to-background ratio, ± std dey.

lions nre quite different from those reported in de arc studies
(3, 4). Under the conditions giVIng the highest SIB values
(vacuum, 1.2 mJ laser energy). the actual signals were reduced
by a factor of 100 (steel) and 50 (iron oxide) from the largest
signals observed (argon. 8 mJ).

A typical oscillograph of· dir«t photomultiplier anode
pulses is shown in Figure 2. In the. signal channel trace, the
rapid continuum portion (prepulse), and the longer discrete
signal pulse are clearly discernible. The background channel
trace shows only the prepulse. Measurements from oscillo­
graphs for the steel and iron oxide tape samples arc shown in
Tables III and IV. respectively. Inherent imprecision of
measuring the parameters from the oscillographs gives semi­
quantitative resulls.

The most striking feature of the oscillographic data wus the
enhanced amplitude of signal pulses obtained in helium
atmospheres. approximately twice those of corresponding
pulses in other atmospheres. No systematic differences were
observed in signal pulse duration for air. oxygen. and nitrogen.
but argon generally supported longer puh:es and helium
shorter oneS. Plasmas produced in vacuum were both
shorter and less intense. except at the lowest laser energy.
Tables I-IV reveal that signal intensities at 1.2 mJ wac less
sensitive to changes in atmosphere than at high..:r laser en·
ergics.

The enhanced signal and SIB valucs obtained in argon from
iron in steel. relative to iron in iron oxide. indicate a possible
effect of metallic vs. nonmetallic matrices. The emission of
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Table IV. EIf""t of Almospbere and Laser Energy 00 Laser-Induced Optical Emission from Iron in Memorex Magnetic Tape

(OscilJograpbic Data)

Signal Signal Prepulse Pccpulse Signal Pcepulsc
Laser energy)· mJ Atmosphere height, rnA lIs aw, #lsec· height, rnA 'I. BW,"""" sccae arcae SIB'

1.21 ± 0.15 Vacuum 37.5 0.22 4.97 0.04 8.25 0.75 11.0
Helium 60.6 0.23 35.0 0.03 13.9 1.27 11.0
Nitrogen 29.2 0.20 43.1 0.03 5.83 1.12 5.19
Air 29.2 0.20 31.1 0.04 5.83 1.03 5.65
Oxygen 41.7 0.30 34.5 0.03 12.5 1.67 7.SO
Argon 29.2 0.28 25.9 0.04 8.17 1.08 7.54

4.00± 0.35 Vacuum 56.3 0.26 37.9 0.04 14.6 2.25 6.SO
Helium 199 0.44 164 0.04 87.7 4.22 20.8
Nitrogen 91.4 O.SO 195 0.03 45.7 4.39 10.4
Air 102 0.56 242 0.04 57.3 6.43 8.91
Oxygen 102 0.60 274 0.02 61.4 8.80 6.98
Argon 102 0.56 153 0.06 57.3 6.43 8.91

g.14 ± 0.49 Vacuum 64.2 0.20 57.6 0.04 12.8 3.25 3.95
Helium 235 0.54 231 0.05 127 8.80 14.4
Nitrogen 133 0.70 623 0.03 93.0 4.98 18.7
Air ISO 0.70 276 0.03 105 17.8 5.87
Oxygen 99.7 0.86 467 0.04 85.7 15.0 5.70
Argon 188 1.00 646 0.04 188 27.1 6.94

• Menns for 12 samples ± std dey.
• Band-width al half-height.
c Product of signal height ond lIt OW,
II Ratio of signal Brco to prcpulse oren.

Table V. Elfeet of Atmosphere on Laser-Induced- Optical
Emission from Magnesium In Aluminum Foil' and Correlation

with Iron Samples

(IntCllJ1ltcd I'IIotoclcctric Data)

Atmosphere Signal' SIB" R I' R2'

Vacuum 51 ± 12 1.1 ± 0.3 7.3 ± 2.2 8.4 ± 2.6
Air 720 ± 140 1.3 ± 0.3 6.1 ± 1.7 3.2 ± 1.0
Argon 1070 ± 180 1.3 ± 0.3 7.5 ± 3.0 3.6 ± 0.9

• Loser energy - 3.6 ± 0.2 mJ.
• Alcoa Wrap, Aluminum Co. of America. New Kensington, Pa.
c Mean for 10 samples ± sId dey.
'" Signal·to·background rutio, ± Sid dey.
• R, - (S/B) Fe Sleei/(S/B) Mg, ± sid dev.
I R. _ (S/B) Fe Tape/(S/B) Mg, ± SId dev.

Table VI, Elfeet of Atmosphere on Laser·Induced- Optical
Emission from Magnesium In Serum and Liver

(IntCllJ1ltcd I'IIotoclcctrie Data)

Signal SIB'
Almosphcre Serum· livc~ &rum Liver

Vacuum 4.5 ± 1.3 1.6± 0.3 2.3 ± 1.0 5.7 ± 1.9
Air 20.3 ± 2.8 10.5 ± 1.6 1.8 ± 0.5 3.7 ± 1.0
Argon 34.1 ± 7.6 36.2 ± 7.9 1.1 ± 0.4 4.2 ± 1.1

- laser energy - 3.6 ± 0.2 mI.
• Humnn blood serum; air dried 4O-nl snmpks. (approx. 400

loA dia.) menn fOf 10 samples ± std dey.
~ Formalin·fixed, ppromn-cmbcddcd. nnd dcparullinin.-d tissue

sections, S IJ. thick.
4 Signal.to-oockground rntio, ± sid dev.

samples (Table VI) waS measured for comparison with mag­
nesium in a metallic matrix, aluminum foil. The data show
that in the dilTerent atmospheres. the serum and aluminum foil
exhibited a similar trend of SIB, while liver and aluminum
matrices did not. A possible matrix effect (2) due to dilTl:r­
cnCl:S in sample structure and composition between liver and
serum may be indicated by the significantly lower background
intensities observed in liver.

At t .2-mJ laser energy, significant enhancement of SIB was
obtained in a 5-Torr vacuum with little loss of signal intensity.
Al higher laser energies, SIB values behaved irregularly with
atmosphere variation. Argon gave appreciably higher
signals while vacuum conditions yielded reduced signals. The
results suggest that it may be advantageous in certain cases to
select an appropriate atmosphere in ord~r to optimize SIB or
signal intensity. but in gcm:ral the atmosphen.: composition
did not appear to alTcct the SIll sufficiently to warrant
changing to atmosphercs othl:f than air in time-integrated
Inser microprobe emission spectrometry.

RECEIVED for review March 29, 1971. Accepled JUlie 7.
1971. Siudies in Histochemistry, No. CXIV. SUPPorled
by Grallis GM 16181, GM 09227. HE 06716, alld
5K6AM 18513 (to D. G.l. from the National Inslitules of
Heallh, U. S. Public Heallh Service.
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Improved Enzyme Electrode for Amygdalin

R. A. Llenado and G. A. Rechnitz

Department of Chemistry, Slate Unioersily ofNew York, Buffalo, N. Y. /42/4

An enzyme electrode for amygdalin is constructed by
immobilizing /I·glucosidase in a polymer gel layer
coupled to a cyanide-sensing membrane electrode.
The characteristics of a novel Inverted electrode con­
figuration are shown to be superior to earlier designs
and to permit analyses of samples as small as 0.2 mi.
Optimum operating conditions for the enzyme elec­
trode system are described.

The cyanide ion, produced in stoichiometric proportion to the
concentration of amygdalin in the sample solution, gives risc
to the potentiometric rl'Sponse of the electrode system.
We now report a detailed study of the properties of this
enzyme ek"Ctrode and propose an improved electrode system
configuration designed for optimum convenience and utility.
It will be seen that the characteristics of lhe prc'SCnt electrode
system are even more attractive than those dL'SCribed in our
preliminary report (3).

(I) G. A. Rcchnitl. AcCOWtlJ elii'm. Res., J, 69 (1970).
(2) R. A. Durst, Ion Selective Electrodes. NBS Special Publication

No. 314. U. S. Govcmment Printing Onice. Washington, D. C.
1969.

(3) E. Pungor and K. TOlh. Allatyst. 95. 625 (1970).
(4) M. S. Frant and J. W. Ross. Jr.. Sci"'ce. 167,987 (1970).
(5) G. A. Rechnitz. ANAL. 0,.",.. 41 (12). I09A (1969).
(6) G. A. Rechnilz and M. S. Mohan, Sci,"ce, t68, 1460 (1970).
(7) G. G. Guilbault and J. G. Montalvo, Jr.• J. Amer. CII,m. Soc.,

92,2533 (1970).
(8) G. G. Guilbault and E. Hravankova. ANAL. CH'M., 42, 1179

(1970).
(9) G_ A. Rechnitz and R. A. Uenado. ibid.• 43, 283 (1971).

(10) P. Bernreld and J. Wan, SCi,"U, 142, 678 (1963).
(II) G. HicksandS. Updike. Nalllre. 2t4. 986(1967).
(12) G. G. Guilbault and J. Dos, AI/uf. Biochem.• 33,341 (1970).

EXPERIMENTAL

Chemicals and Reagents. The enzyme /i-glucosidase,
emulsin type, prepared from almonds, was obtained from
Sigma Chemical Co., St. Louis, Mo. 63118. Its activity
was reported as 3.7 units per mg. This enzyme can be stored
under refrigeration with little loss of activity.

Solutions of amygdalin (Sigma) were prepared by sequential
dilution of a stock solution with boraxfNaOH buffer, O.tM,
to keep pH and ionic strength constant. Solutions were
freshly prepared for each measurement except when used
for studying solution aging effects. Solution deteriomtion
can also be minimized by refrigeration.

Polymer solulions with varying percentages of total mono­
mer (5-15%) and cross-linking agent (4-16%) of the total
monomer) were made by dissolving appropriate amounts of
acrylamide (Eastman) and N,N' -methylenebisacryJamide (East
man) in deaerated distilled and deionized water. Dissolved
oxygen, which inhibits polymerization, was removed by
nitrogen bubbling. Potassium persulfate and riboflavin
(Eastman) were added as redox catalysts. Polymer solutions
are stable when kept in the dark and refrigerated except
when the redox catalysts have already been added.

Preparation of the Enzyme Membrane. Normally, 100 mg
of II-glucosidase was dissolved per milliliter of polymer solu­
tion. The solution was kept in the dark and refrigemted
until dissolution of thc enzyme was complete. The enzyme­
polymer solution was then transferred into a Plexiglas­
Teflon (Du Pont) syringe·type chamber (Figure la) where
photopolymerization was carried out (10-12) to form the
membmne gel.

After photopolymerization, slices of polyacrylamide mem­
branes containing immobilized enzyme are obtained by CUlling
the material as it is extruded by the Teflon plunger (Figure 1b).
With practice one can conveniently and uniformly slice
membranes having thicknesses as thin as 300 ± 100 ".
No allempts were made to cut wilh beller precision because
swelling of the gel contributes signifieantly to the uncertainty.
With I ml of polymerized material, one can cut 10-20 slices
depending on the thickness desired. The sliced membmne
is transferred onto a porcelain spot plate and stored under
refrigeralion until used (Figure Ib).

Preparalion of Ihe Enz)'me Electrode. A thin enzyme
membrane is mechanically coupled to the sensing element of
an Orion 94-06 cyanide electrode (Figure 20). The Plexiglas
cap serves to hold the enzyme membrane rigidly in place
and is also the sample cell for the potentiometric measure­
ment. When properly prepared and preconditioned, the
enzyme membrane swells to fit its space snugly and prevents
solutions from creeping into the sides of the holder. Silicone
oil applied to the body of the electrode facilitates the position­
ing and removal of the Plexiglas cap. This method of
assembly was superior to direct polymerization of the gel
on the electrode sensing element as described in our prelim­
inary communication (9).

Potentiometric Measurements. Figure 2b shows how po·
tentiomctric measurements were carried out with the enzyme
electrode connecled to the imput terminal of a Corning
Model 10 pH meter. The reference electrode, Orion 90-01
sk-cve type, fits prc'Cisely into the assembly to form a solution

HCN (I)

~nlyme

---mr--

°I
rQrC-H
~ + 2C.H"O. +

THE ARRAY of useful ion-selective membrane electrodes and
their applications continues to multiply (1-3). Recently
the use of biological materials in membmne electrodes has
resulted in the development of the valinomycin-based potas­
sium electrode (4-6) and enzyme electrodes for urea (7)
and for amino acids (8).

In a recent preliminary communication (9), we reported
a new kind of enzyme electrode made by coupling the enzyme
II-glucosidase to a cyanide-responsive membrane electrode.
This novel electrode, responsive to amygdalin, is the first
successful example of a potentiometric enzyme electrode
ulilizing a nonglass membrane and will find applications
in agricultural chemistry and plant biochemistry.

The electrode is prepared by mechanically coupling a thin
membrane of polyacrylamide gel containing immobilized
i1-glucosidase with the polycrystalline sensing clement of the
solid state cyanide electrode. When this electrode system is
exposed to aqueous solutions of amygdalin, the immobilized
II-glucosidase catalyu.'S the hydrolysis of amygdalin at the
membrane according to

CN
IrQrr-H

OCl1HlIOlO
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CONCLUSION

The electrode described represents a new vanatlOn of
potentiometric enzyme systems. We have succeeded in
coupling an enzyme membrane to a polycrystalline non-glass
membrane. The principle involved is generally applicable
since there arc literally thousands of enzymes with high
activity and seleclivity which can be coupled to existing
potentiometric sensors (5). It may also be possible to adapt
these syslems to the determination of the /I-glucosidase

enzyme rather than the substrate. S\lch efforts are currenUy
under way and, if successful, would lead to new sensors
useful for enzyme analysis and for the diagnosis of certain
disease states involving enzyme abnormalities.

RECEIVED for review March 25, 197\. Aceepled June 8, 197\.
We gratefully acknowledge the support of the National
Institutes of Health.

Correction

Identification of Barbiturates by Chemical Ionization Mass Spectrometry

In Ihis article by H. M. Fales ./ al. [ANAL. CHEM., 42, 1432
(1970)] Ihere is an error on page 1434. Figure 2 shows a line

100

in the E.\. spc"Clrum at m/e 140. This should be m/e 141,
and therefore a revised Figure 2 is shown below.

211

Figure 2. Elcctron impact and
chemical ioni7...ution mass spectra
of ortal 100
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Membrane Probe-Spectral Emission Type Detection System for
Mercury in Water

R oberl S. Braman
Department oJ Cltemistry, University oJSoutlt FloridIJ, Tampa, Fla. 3.1620

A new method for mercury detection and analysis is
presented. Mercury compounds are reduced to
metallic mercury, diffused Into a helium carrier gas
stream through a rubber diaphragm Immersed In
sample solutions and then passed through a de dis­
charge. The 2537 A mercury emission line intensity Is
observed. The lower limit of detection is 4 parts per
trillion for a concentration sensing probe and Is 4 X
10-10 gram in a batchwlse analysis modification of the
technique. Since only volatilized mercury diffuses
through the diaphragm, both free and total mercury
may be determined on the same sample. Dimethyl
mercury Is detected. Operating characteristics, cali­
bration, and use of the method for the analysis of some
environmental samples are presented. The mem­
brane technique holds promise as a new analytical
procedure for volatile materials in solution.

OWING TO niE TOXICITY of mercury and its compounds. in··
tereSI in their detection and determination has been of long
slanding. Much of the older analytical work is aimed al
trace analysis. Considerable current interest lies in the
analysis of environmental somplcs for traces of mercury.
Low concentrations of mercury or small amounts arc deter·
mined largely by spcclrophotomctric methods using the
dithizone mercury complex (/-4). Spectrophotometric lech­
niques arc often complicated by separation or masking steps
to eliminate intcrfcrcncL"S. When these t1•.-chniqucs urc ap­
plied to very small sample sizes, blank errors or background
corrections can become troublesome, particularly if consider­
able preconcentration is required. Lower limits of detection
arc approximately 0.5 Jlg of mercury. A catalytic method
developed by Pavloyic and Aspergcr (5) is subjcct to similar
separation und interference problems nnd has similar sensi­
tivity. Neutron activation analysis has been used (6, 7) for
detection of microgram sized samples but the procedures nrc
inconvenient, especially when interferences must be removed.
Flume emission and conventional atomic absorption analysis
do not have very low limits of deteelions, approximately 2.5
ppm and 10 ppm, respcctively (8).

The most sensitive methods for low concentrations to date
have been bllscd upon a'bsorption by mercury of UV radiation
from a mercury vapor lamp. Early work was reported by
Woodson (9). A number of whal arc essenlially modifica-

(I) Yikimurn nnd V. L. Miller. Altai. Chim. A('la. 27,315 (1962).
(2) W. H. Gutenmnnn nnd O. J. Lisk. J. Ag,.. FcJOlI.Chnll .• 8, 306

(1960).
(3) "Official Melhods of Anat}~is." 8lh Ed.• Association of Official

Agricultural Chemists. Washington. O. C. 1955.
(4) E. B. Sandell. "Colorimetric Determination of Traces of

Metals," 3rd cd.• Intcrscience, New York. N. Y.. 1965.
(5) D. Paylovic nnd S. Asperger. ANAL. CH'''.. 31, 939 (1959).
(6) B. Sjostrand. ibid.. 36, 814 (1964).
(7) C. K. Kim and J. Silverman. ibid.• 37, 1616 (1965).
(8) H. H. Willard. L. L. Merrill. Jr., and J. A. Dean. "Instrumental

Methods of Analysis." 4th Ed.. Van Nostrand. Princeton,
N. J.• 1965.

(9) T. T. Woodson, Rl"c. Sri. IIIS""""., 10, 308 (1939).

lions of the same method have been reported (/0-13) and arc
now called flamdcss atomic absorption methods. Conccntra·
tion limits of detcction for these range from 0.02 to 1.0 IJg per
Iitcr depending upon sample sizt'S taken. The lower limit of
detection on an analyte weight basis is 5 to 10 nanograms (/4).
Mctals othcr than mercury arc not an interferencc in this
method but volatilized materials absorbing in the 2537-}.
region nrc, if prL'SCnt.

The dc discharge spectral type detector (/5) is useful for the
analysis of small amounts of hcteroatom-containing organic
compounds; lower limits of detection range from 10- 10 to
10- 14 gram for many compounds. Because of this and thc
high degree of selectivity <Ivailablc in emission t)'pc detection
systems, the method was choscn for application to mercury
detection ;:lOd analysis. In order to u~ an emission type
dClcctor, mercury meW I vapor or a volatile mercury compound
must be separated from its sample matrix materials. It must
then be passed through <In electrical discharge in helium
carrier gas and the 2537-A Hg emission line observed in an
appropri<Jle optical system. The analysis of watcr or air
samples by (otal sample injection onto a gas chromatography
column of appropriale type appears feasible. NcverthelL-ss.
the analysis of large water samples is clearly a problem because
of the need for eventual removal of 1 011 or morc of water
from the column. Thc an::llysis of 10·1J1 size sampk-s would
be more suitable, but the JO-9 to 10- 1 : gram of mercury in the
samples could be losl in the separation process.

Two techniques for separating mercury from aqueous
samples were investigated prior to study of the mcmbrane.
Vacuum evaporation of w<lter snmple5, and reduction of the
residue with sodium borohydridc in n small tube was first
tricd with some SUCCess. Mercury vapors were readily dc­
h:cled but reproducibility was poor. largdy because water
from the rcducing agent solution interfcred in discharge
opcrution. A direct volatilization method similar to that
uscd in the flameless atomic absorption method was next
tried. Helium carrier gas was passed through a sample solu­
tion trcated with sodium borohydride and thcn through a
drying tube and into the detector cell. Larger sample sizcs
could be accomodatcd and limits of dl,.'lection were low but
sample handling, necessity for replacement of the drying tube,
and time required for analysis rendered this approach less
convenienl than the membram~·emission detector probe
technique subsequently developed.

Selection of the diffusion of mt:rcury through a membrane
from air or watcr solution into the carrier gas stream was
based upon prior rcported work. Volatile m<ttcrials arc well

(to) c. W. Zuehlke nnd A. E. Bullard. ANAL. CI4EM .• 22. 953
(1950).

(II) O. Lindstrom. ihicl.. 31, 461 (195l)).
(12) M. J. Fishman. ibid.. 42. 1462 J (1970).
(13) W. R. Hatch and IV. L. alt. ihi<I.• 40, 2085 (\96~).

(14) L. P. Morsenthaler. "The Determination of Trace Quantities
of Mercury by Atomic Absorption Spt..-ctromctry:' McKee·
Pedersen Instruments. Applications Notes. Vol. 5. No\'. 1970.

(15) R. S. Brnman and A. Oynako. ANAl.. CUlM.• 40. 95 (1%8),
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3.8ppa

A B c D
Figure 4. Selected response recordings

A. T:lp waler, ). Selln, 0.036 ppb (10-1 A scale)
B. Standard,). scan, 0.096 ppb (10-1 A scale)
C. Standard,). IiiCaRS, 3180 ppb (10-' A scale)
D. Stllndl1rd,). senn, approximately 0.2 ppb (10-1 A scale)

'riJ"'ArMy~W«I"\M/fflr.~;_'?~ _

\

Figure S. Mereur.)' dctection s)'stcm rcsponse rotc

Continuous seDn at 2537 AII~ line, 23 ''C. to -I A scale, 0.48 ppb
II~. 40-~ sill)

Rengenls. Sodium 'borohydride from Alru Inorganics,
sck-ctl-d ns the reducing ngent, exhibited n zero blank value
for mercury. No .other rcugcnts were necessary for most
work except where pH ndjustments were mnde. Stannous
chloride wns lried, bUI lhe sllmplc on hllnd WllS found 10 be
highly contllminated with mercury. J, T. Baker Co. ultra­
pure helium is of sulTIcicnt. purity to permit usc as n carrier
gas without cryogenic purification or othe"r treatment.

Instrument Settings. Photomultiplier voltagc, discharge
voltage. slit width, umplifier gain, and range of the strip
chart recorder llll control the 'tolal signal gain. The present
apparalus WllS operated wilh the following ranges of con·
ditions: Slit widlh 25-100 microns, PM vollage 750-800 V.,
de discharge 900 V, 31.5 wlllts/lineal inch of discharge. 10-6

to 10-6 A sellic on the amplifier, 0-10 mV recorder range.
Full scale on the recorder equlllcd 20% of the amplifier
OUlpUt.

Procedure. SoLUTION PRonE CELL. Helium carrier gas
is turned on and adjuslc'd to a now rale of 80 to 100 011/

minute. The outlet of the detector cell is restricted by a
pinch clamp so as to raise the internal pressure of the system
to slightly abov~ ambient. This helps to dL'Crease diffusion
of air into the carrier gas through small leaks, but does not
ttlTect detector response. After 3 -5 minutes, the system is
sufficiently nushed oul wilh helium to permit the dc discharge
to remain on. A determination of residual mercury can be
mllde on the system by placing dislilled wllter (or tllP wllter)
in the sample bellker lind scanning the 2537-A region. A
peak will occur lit 2537 A superimposed on the N, 4lh positive
band system (see Figure 4). Residual mercury, if prescnt
from previous analyses, rapidly decreases to a low value or
lero.

Analysis of aqueous samples is accomplished by pillcing
200-011 samples in II 400-011 bellker, 3 to 10 drops of 2%
NaBH. in distilled water is added, and the emi5sion response
is recorded. Solutions arc stirred during the analysis. Re­
sponse at 2537 Arises to a maximum in 2 to 3 minutes after
addition of the reducing "gent as is shown in Figure 5.
Dalll mllY be laken by recording response lit 2537 A liS II
function of time or by scanning lhrough the 2537-A region
several times over a 2- to 6-minutc period. The scanning
method appears best for lhe 0- 10 0.2-ppb range so that II
base-line technique of emission pcak area may be used to
calculate responses. This also atTords observation of any
background radiation which may be present. Dissolved
nitrogen is usually prescnt. At higher concentrations changes
in background will be sufliciently small as to be negligible.
Examples of the types of daHl obtained arc shown in Figure 4.

A decrease in the response of 2537 A is observed after the
initial rise to a maximum. This is due to the removal of
mercury from the sample during analysis. The maximum
response is usually constant owr scveral minutes before the
decay is obs..:rved. Response values taken in this time period
arc uscd in calibration baSc:d upon concentration and analysis.
After each analysis the cell is washed with distilled watcr
and is allowed to stand with a blank water solution for 3-5
minutes. or until residual mercury is cleared from the system.
The apparatus is then read)' for the next sampk. If the
interior of the diffusion cell and dctcctor cell become over­
loaded with mercury or if cleaning is desired, bromine water
wash may be used followed by wllter. Solvenls mllY be
used but the last wash should be with waler. Orgllnie
layers absorb nearly' complelely 10- to 100-nanogram amounts
of mercury passed through the syslem. Clllibralion is ob­
tained by addilion of appropriate volumes of dilule (10 ppm)
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Figure 6. Effect of temperature on batehwlse cell response

Top curve: 7S OCt 95.8 ng Hg1+, 10-t~A scalc
Middle curvc: 41°C. 95.8 ng Hg'+, lO-l~A scale
Bottom curve: 23 °C, 95.8 ng Hgt+, lO-l_A scale

where d is the thickness of the layer and Co the mercury con­
centration at the water-carricr gas interface. The diffusion
layer includes the membrane but possibly also solution out­
side the membrane. If Co may be considered to be very
small, then

(2)

(I)
dN dC
"dr = DA;;X

Where A is Ihe membrane area, dC/dX is the concentration
gradient across the membrane, and D is the diffusion coef­
fident for mercury metal in the membrane. If dC/dX is
linear across the diffusion layer, then

dC C~1. - Co;;x = --d--

of the method on a concentration basis. The standard devia­
tion in the individual points is ncar 4 parts per trillion. The
standard deviation in the individual points for the batchwise
analysis method is 3.8 X10- 10 gram.

The approximate flow rate of mercury through the detector
was calculated from data on the decrease in the signal as a
function of time. This was found to be 1.7 X 10- 10 g/sec at
Ct = 0.7 ppb. At a carrier gas flow rate of 43 ml/minute and
with a detector active volume of 0.32011, 5.3 X 10-11 gram of
mercury is present in the detector at time t. Since the con­
centration limit of detc'Ction for 200-011 sample volumes is on
the order of 2 X 10-11 g/ml, this should yield a flow rate of
5 X 10- 10 g/sec with 1.5 X 10-" gram in the delector active
volume at the limit of detection. This is in fair agreement
with the sample size limit of detection of 3.8 X 10- 10 gram
over a 30-second response time, calculated from the response
curves series 4 in Table I.

Membrane Function. Membrane operation is analogous
to the plating out of a metal at an electrode. The rate of
diffusion or mercury across the membrane is the effloct con­
trolling the detector response in a stirred solution. If dN/dt
is rate or mercury loss to the carrier gas inside the probe,
then from Fick's law:

Response Cunes, Precision, and Limits of Detection.
Several response curves were obtained in the study or the
technique. Samples or known mercury contcnt were pre­
pared by injc'Cting microliter volumes of an approximately
10 ppm (as Hg) standard mercuric chloride solution into
water or nil or very low mercury content just prior to analysis.
Local tap water was found to be very low, 10 ppt or less, in
mercury and served as a convenicnt blank source. One
microliter of the 10 ppm Hg solution contains 10 nanograms
(ng) of mercury and produces a solution at 50 ppt Hg when
added to 200 011 wnter.

Table I gives the experimental conditions, least squares line
CQuations and pertinent statistical data from the response
curve study. Precision of the slopes ranged from 2 to 5%
relative and is a fair measure of the precision of the method
for the concentration ranges and sample sizes used.

Series 1 was carried out using sample volumes measured by
filUng the sample cell to the 200,011 mark, a less precise method
than the sample weighing procedure used in series 2. The
improved precision of the technique is reflected in the 0.01 ppb
estimate of the standard deviation of the individual Yalues.

Series 3 affords an evaluation of the lower limit of detection

RESULTS AND DISCUSSION

HgCI, solutions to 200 011 of distilled water and then analysis
by this procedure. Sample volumes down to 50 011 have
been used with the probe.

BATCHWISE ANALYSIS CELL. Samples may be analyzed
by diffusing all the mercury in a small sample volume through
a membrane. From 2 to 5 011 of sample solution is placed
on top of the membrane in the batchwise analysis cell shown
in Figure 3. The cell is heated to 60-80 °C by means of an
electrical tape wound around the cell. A stirrer is mountcd
above the cell. One or two drops of 2% NaBH. solution
arc added to the sample. The emission response at 2537 A
is recorded as a function of time. Data of the type shown
in Figure 6 are obtained. The area under the curve is
proponional to the total amount of mercury in the sample.
Calibration is obtained by simply adding known amounts of
mercury from dilute solutions to a blank water sample.
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24-p slit, 800 V, PM,
1O-'-A scale range,
chart speed 1 in./minutc,
80-100 ml/min, He

23 1/,OCSeries 1

Table I. Response Curves and Statistical Data for Mercury in Water Analyses

Response curves

0.1 to 1.4 ppb Hg. probe type cell

ng/2IXJ ml ~ 15.94 em (peak right) -20.2

s (slope) ~ 0.30
.f (ng/2IXJ mil = 0.08
It _ 12

Conditions

Series 2

Series 3

Series 4

0.1 10 1.0 ppb, probe type cell

ppb = 0.04594 X cm (peak heighI 0 + 0.01

s (slope) - 0.00176
s (intercept) = 0.02
1/ - 9

0.001 10 0.100 ppb, probe lype cell

cm' (peak area) = 18.90 X ppb + 0.21

.f (slope) = 0.99
of (intercept) "'" 0.052
of (nreu) ... 0.074 em'
s (ppl) = 4
11-7

0-10 I1S, batchwisc cell

<:111' (peak orclI) - 0.574 X llS + 0.16

.. (slope) = 0.027
s (intercept) = O. 15
of (area) CI 0.22 em'
s (ng) = O.)g
II "" 7

75 'C

4O-P slil, 740 V, PM,
1O-'-A scale range,
chart speed II, in./minute,
122 ml/min, He

4O-p slit, 740 V, PM,
1O-'-A scale range,
chart speed II: in./minutc,
122 ml/min. He
Scan rate 0.02 A/sec

35-~ slit, 740 V. PM.
10-'-A scale range.
chart speed II: in./minute,
122 ml He/min,
Scan ratc 0.05 A/sec

dN AD C~I

dt d

Table II. Effect of He Flow Rate on Response
(96 ng/200 ml sample)

gives the concentration at any time I where Co is the mercury
concentration at time 1 = 0, A is membrane area, ·V is sample
volume, and D is the apparent diffusion coefficient. Figure 6
which illuslrates a Iypical response for lhe batchwisc type cell
indicales conformance of experimental· results to Equatio" 4.

Only one Iype of membrane malerial olher than latex rubber
was tcsled. Saran wrap, I mil thick, was used in a few experi­
menls in the batchwise analysis cell. Saran diffuse'd mercury
much more rapidly Ihan Ihe lalex rubber, probably because
of its decreased thickness. It will be suitable for use in
balchwise analyses bul is more fragile.

As predicted from Equation 3. response is a function of
membrane area. Comparison of calibration plots for two
different balloons, approximate areas 18 and 23 em: indicated
a lincar relation of mercury diffusion rate to membrane area.

Detection System Characteristics. Equation 3 predicts
that carrier gas flow rate or pressure will have no influence
on the rate of diffusion. The fate of mercury transfer across
the diffusion membrane layer, then, controls the rate of flow
of mercury through the discharge.

If the detector responds to rate of flow, then carrier gas
flow rate should have no effect on response. This was found
to be the case cxperimentally as shown in Table II. Never­
theless, it was expected that the detector would be concentra­
tion sensitive since the excitation process docs not destroy
mercury. Further investigation is clearly needed to evaluate
detector operation.

Stirring rate influences response but only if very slow rates
arc used. If stirring is halted altogether, the rate of mass
transport of mercury through the solution to the diffusion
layer becomes important. An increase in slit width increases
response. Slit widths larger than 200 microns admit too
much background radiation.

Temperature Effects. Temperature influences the dif·
fusion rate of mercury. Consequently, the concentration
sensing probe must be operated under temperature controlled
condilions. All calibration runs were made al 23.5-24.0 ·C,
room temperature. To determine the temperature effect on
probe responsc, sevcral duplicate samples were analyzed in the
range 24-50 ·e. The temperature effect from 24 to 40·C was
to incrcase the probe signal by 2.04 % per °C increase in
tempemture, the expected temperature elTect on diffusion
coefficients. The decay rate of the peak signal was increased
by increasing the temperature. At 50 °e, watcr dilTusion
lhrough the membrane starts to quench the discharge.

The batchwise analysis cell operation is also influenced by
tempernture. Temperature increases dL'Creasc the analysis

(3)

(4)

PCtlk height, em. 10-8 SCAle
6.4
6.4
6.5
6.4
6.4
6. )

Flow rutc, ml/min
114
100
72
64
46
)5

and the rute of mercury transfer to the carrier gas stream is a
Iinenr function of the concentration of mcrcury metal in the
sample solution. This wus confirmed by experiment.
Values of D for mercury wcre calculated from experimental
data and found to be 1.2 X 10-' cm'/sec for an assumed 4-mil
value of d and 20 cm' for A.

The technique operalt~s in n manner similnr to controlled
pOienlial coulomelry in Ihe balchwise analysis tL'Chnique.
Mercury leaves lhe s~slem through diffusion and thus:

DAt
Ct ~ Coe-V·
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time because of the increased diffusion rate. Figure 6 shows
the sharpening effect of elevated temperature on the Hg
response V.I. time curve. Batchwise analyses were carried
out at 70-80 'C to take advantage of the improved response
time. The response of the system in terms of area per ng Hg
is not influenced by temperature. Quenching of the dis­
charge was not observed at the elevated temperatures, pre­
sumably because of the smaller membrane area than was
present in the probe cell temperature study.

Limitations and Interferences. The mercury detection and
analysis technique is subject to the chemical limitation that
mercury must be mercury metal or a volatile compound.
Sodium borohydride is capable of reducing mercurous and
mercuric compounds in mildly acidic to alkaline media.
Acidic solutions rapidly hydrolize sodium borohydride and
even though some reduction occurs, there may be reoxidation
of mercury prior to detection. This may be avoided by
buffering the solution with borax prior to using sodium
borohydridc. Alternatively, a different reducing agent, pro­
viding it is sufficiently low in mercury content, can be used.

The following materials did not interfere with the analysis
technique: sea water, dissolved organic solvents, EDTA,
oxalic acid, NO~-, H:P0 4-, CN-, Fc H , Zn H , and borax.
Oxidizing agents which react with sodium borohydride will
interfere unless additional sodium borohydride is added to
reduce tht:se materials.

Mercury not in solution or not readily convt:rtiblc to
mercury will not be detected. Dimethyl mercury diffuses
rapidly enough for easy detection, but a paint fungicide,
di(phenylmercury)dodecenylsuccinate, diffused too slowly
through the membrane for easy analysis. Prior oxidation of
this type of mercury compound will apparently be needed
before analysis.

Applications. Samples from natural water sources in
and around the Tampa Bay area were analyzed using the
concentration probe cell. Analyses required approximately
five minutes per sample. Mercury concentrations ranged
from 0.01 to 0.16 ppb. Samples ranged in quality from
fresh river water to highly polluted salt water from port areas.
No interferences were detected based upon recovery of
added known amounts of mercury prior to analysis.

Several commercial chemical products were analyzed after
suitable sample preparation. Commercial bleach was found
to contain 125 ppb Hg. Sufficient reducing agent was added
to reduce the hypochlorite content of the sample and to
provide an excess for mercury reduction.

Highly acidic waster water samples were analyzed after
addition of sufficient borax solution to the sample to adjust
the pH to 7-8. The borax solution contained insignificant
amounts of mercury.

It is particularly important to check on the mercury content
of reagents used in sample preparation. There may also be
wide variations in mercury content of reagents from different
sources. For example, one source of SnCI, had 2.5 ppb Hg,
another had 0.3 ppm Hg. The analysis of some common

laboratory reagents were as follows: EDTA 2.0 ppm Hg;
coned H,sO., 4.4 ppb; concd HNO" 5.1 ppb; (NH.,j,S,O"
55 ppb; KMnO.. 80 ppb; NaOH, 34 ppb; K,Cr,o" less than
1 ppb, and NH.OH, less than I ppb.

Several urine samples and a pooled blood serum sample
were directly analyzed by the technique. No intcrferencl.'S
were observed. Mercury in the urine samples rangt:d from
3to IOppb.

The method was also suitable for the determination of
dimethyl mercury in low concentration in aqueous solutions.
Dimethyl mercury is detected without reduction by sodium
borohydride with the same sensitivity as mercury.

SUMMARY

Combination of a membrane probe with a dc discharge
emission type detector has expanded its capabilities. Extrac·
tion, preconcentration, and gas chromatographic separations
arc avoided. Separation by means of a membrane permits
transf~r of analytes directly from samples into the helium
carrier gas stream of the detector. Dilfusion of water and
dissolvcd gases is insufficient to quench the discharge. Thus,
the dc discharge detector can be used for analysis of aqueous
samples directly without separation for any diffusible ma­
terial with a specificity limited only by the emission wave·
length specilicity available in the dc discharge detector.

The technique has been applied here to the determination
of mercury in water. The method is specific, comparativdy
free of interferences, rapid, and convenient to perform.
Limits of detection ure equal to 10 to 20 times lower than
those of the f1ameJess atomic absorption methods (depending
upon the published limits of detection used for comparison.)
Both concentration measurements and batchwisc analyses can
be made.

The technique has been applied to the dell'Ction of mercury
in fn:sh water, sea water, laboratory chemicals, commercial
chemical products, food samples, and urine. Limitations arc
based upon the necessity for convening all mercury com­
pounds into mercury metal by reduction (except those mercury
compounds which diffuse through the membrane). Com­
plcxing agcnts do not prevent the reduction of mercuric or
mercurous salts to mercury metal.

The diffusion technique described here obviously serves as
a model for many other water or air analysis applications.
Dissolved oxygen, nitrogen, sulfur dioxide, carbon dioxide,
nitrogen oxides, and many volatile organic compounds arc
detectable. Certain inorganic compounds arc also detectable.
The potential uses arc multifarious. The technique is being
studied further.
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Direct Enthalpimetric Determination of Olefins

Donald W. Rogers
Chemistry Departmenl, The Brooklyn Center, Long Island University, Brooklyn, N. Y. 1/201

We have constructed an apparatus which permits direct
enthalpimetric determination of olefins through the
heat given off upon catalytic hydrogenation of an
unknown sample. Under the conditions described,
hydrogenation takes place in 10-30 seconds permitting
rapid and routine estimation of unsaturatlon. Sample
size is in the vicinity of 10-0 to 10-' mole and the average
error is about 1-2%. We have presented data for
l·hexene, cyclohexene, cyclopentene, phenylacetylene,
linoleic acid methyl ester, and linoleic acid ethyl ester.

H'I'OROGENAT10N has long been a preferred method of analysis
of olefins (1-3). Brown ond coworkers hove developed the
melhod to 0 high degree of occuracy and sensilivity by lheir
melhod of ill silll genemlion of cOlolyst ond hydrogen (4. 5).
Their method hos been modified by Curtis ond Boker (6) for
samplt:s contuining sulfur impurities and has been automated
by Szakasils (7). Recenlly. Curran and coworkers have
dcvdopcd a sensitive method employing pressure transducers
(8, 9). Their method is semi·aulomaled and is capable of
determining ~molar quantities of olefinic compounds.

The entholpy change on hydrogenotion of nn olefin has been
widely studied by Kistiokowsky. Turner. Skinner. and their
coworkers. Sec reference (10) for u survey of the literature on
the thermochemistry ofhydrog~nation.

The hent of hydrogenation of many compounds is known to
be abOUl 30 kcal/mole for unSlruined. unconjugaled double
bonds. Th~' qunntitntiv~ nature of most hydrogenations and
their high heat output make them ideal for direct ~nlhalpi­

melric study by methods described by Jordan. Ewing. and
others (11-13). To dnte, however, direct injection enthalpi­
melric (DIE) determination of oldins has not been used
lx'Cnus~ of the complexity of the apparatus, Ihe need to
dissassemble the apparatus ufter each run. nnd the slowness
of the hydrogenation reaclion. reported. in the thermo­
chemical liternture. to be from 20 minutes to severo I hours.

\Ve huve constructed n calorimeter in which hydrogenation
may be mode to take ploce in 10 to 30 sec ollowing rapid
recording of the heat of reuction of replicate samples as they
arc injl'Cted into Ihe calorimetcr at four- or five-minute
inlervals. These characlcristics make the direct enthalpi­
metric deterrilinntion of olcfins a praclical tL'Chniquc.

The principle of Ihe method is simple. If one knows how
much hent is liberated on hydrogenntion of a pure olefin, then
liberal ion of an)' fraclion of thot amount of heal on hydro-

(I) S. Siggiu. "Quantitative Organic Annl)sis ria Functional
Groups." 2nd cd.• Wiley. New York. N. Y.. 195-t. Chap. 6.

(2) A. Pol~r. nnd J. J,....' Jungnickcl. in "Organic Analysis".
Intcrscicnce. Ncw York, N. Y., 1956.

(3) M. Sidlnk. ANAL. CUE".. 38.1503 (1966).
(4) C. A. IIrown. S. C. Selhi. and H. C. IIrown. ibid.. 39. 823 (1967).
(5) C. A. IIrown. ibid.. p 1882.
(6) J. L. S. Curtis and M. O. Ilaker. ibid.. 42. 279 (1970).
(7) J. J. SzukasilS. ibid.. p 1708.
(8) D. J. Curran and J. L. Driscoll. ibid.. p 8D.
(9) D. J. Curran ond J. E. Curley, ibid.. 43.118 (1971).
(10) D. W. Rogers and F. J. McLafferty. Tnmhf'dro". in press.
(11) J. S. Wnsilc\\'ski, P. T.·S. Pd. and J. Jordan. ANA.L. CIlEM., 36.

213l (1964).
(12) G. J. Ewing ond C. J. Mazuk, ibid.. 38.1575 (1966).
(13) J. C. Wasilewski and C. D. Miller. ibid.. p 1750.

genation of an unknown sample leads to the per cent com­
position of the sample.

While both Brown's and Curran's methods produce results
of high accuracy and are very sensitive, we think thai direct
enthalpimetric determination of olefins may eventually prove
10 be competilive with bOlh methods in bOlh respects. A
major advantage is in the simplicity of instrumentation and
operation. Moreover, the method is well suited to rapid,
routine determinations and produces a permanent record in
the form of a temperature l'S. time plot for each substance
hydrogenated. As Jordan and coworkers have observed
(II), "DIE is readily odaptable to process strcam conlrol".

EXPERIME rrAL

Apparatus. The reaction chamber is shown in Figure 1
and described in detail in reference (10). Samples arc in­
jected through the rubber plug using a microsyringc. With
the usc of silicone grease, it is possible to inject replicate
samples of olefin into the reaction chamber in much the
same way that one injects samples into a GLC column.
Hydrogen leakage through the punctured stopper was nil.
The syringe was of Ihe fixed needle type. of 25-1'1 capacity and
had a Chancy adaplor (Hamilton Syringe Co.. P. O. Box 307.
Whittier. Calif.. 90608). The lhermistor (Y.S.1. Components
Div.• Yellow Springs. Ohio) protruded to lhe bottom of the
thermistor well which contained ,,-butyl phthalate to facilitate
heat transfer. The thermistor leads were connected across a
Wheatstone bridge (Leeds and Northrup 4760) and potential
across the arms of the bridge was registered on a recorder
(Microcord 44, Photo"oll Corp" 1115 Broadway. New
York. N. Y .• 1(010). which showed full scale deflection for a
D.5-mY potential difference. Constant potential was main­
tained Rcross the bridge by a 6·Y lead storage battery. A
variable series resistance (Leeds and Northrup 4775. 0 to
10,000 ohms) between the battery and the bridge controlled
the sensitivity of the temperature sensing apparatus.

The reaction chamber, containing a magnetic stirring bar,
rested in a cavity cut into a styrofoam insulating block. The
removable top of the insulating block was cut with a hole to
facilitate cooling the reaction chamber as described below.
The hydrogen inlet needle was connected to a hydrogen tank
by a leak proof "twist type" luer joint (Microlab. L.S. 1101.
Mountain Yicw, CaIiL). A magnet spinning just below the
reaction chamber to activate the magnetic stirring bar within
was powered by an cXlernal motor. thermally well shielded
from the chamber. The drive shaft was made of a fibrous
plastic to prevcnt heat transfer from the motor to the cham­
ber. Stirring speed is not crucial but a good area is in thc
vicinilY of 400-500 rpm.

Reagents. Cyclopentenc and phenylacetylene were ob­
tuined from Aldrich Chcmical Co. Hcxcne. cyclohexcne
hydrogen. and 5% palladium catalyst on charcoal were ob­
tained from Matheson, Coleman and Bell. Olefins were
shown to be more than 99% pure by GLC or were so purified
by standard GlC trapping methods (/4). BOlh esters were
obtaincd from Nutritional Biochemicals Corp. and certified
to be 99% pure by the manuracturer.

Procedure. Twenty or twenty-live ml of glacial acctic
acid wcre placed. in the reaction chamber along with the

(101) A. B. Liltlewood. "Gas Chromalography." Acadcmic Prtss.
New York. N. Y.. 1962. P 260 IT.
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Figure 1. Reaction chamber

Thc body of thc chamber is plastic, thc
inlct ports protrudc through a rubber
stoppcr. and thc cap is ti~htcncd down
ovcr a coating of SC:tlant

stirring bar and 0.6 gram of 5 % I'd catalyst on charcoal.
The threads of the reaction chamber were coated with quick
drying sealant (Silastic 732, Dow Chemical Co., Midland,
Mich., 48640) and its cap was firmly tightened over the
sealant. After tcn minutes drying time, the reaction chamber
and charge were placed in the insulating block and the
insulating top was c1ampcd in place. The reaction chamber
was now ready for usc; it needed only to be connected with
the external circuitry.

Ca.al)'s. Preparation. Hydrogen was admitted to the
reaction chamber at a pressure of 2 atm, the valve on Ihe
hydrogen tank was closed, and an outlet valve was opened
to bleed oIT the excess pressure, thereby sweeping out most of
the air. Residual air remaining after flushing the chamber
once did not interfere wilh the remainder of the procedure.
During hydrogenation, the tank valve remained open so as
to maintain a constant pressure of 2 atm. As hydrogen waS
admitted. a considerable amount of heat was produced which
drove the recorder oIT scale. The recorder was brought back
on scale by reducing the resistance of the variable arm of
the Wheatstone bridge by one ohm. If a one-ohm change
of the bridge setting caused the recorder to go ofT scale at
the low temperature end, the sensitivity of the temperature
sensing circuit wa'\ reduced hy increasing the series resistance.

In these experiments adsorption of hydrogen caused a tern·
perature change of about one degree which necessitated a
change of 3 to 4 ohms on the Wheatstone bridge at an input
voltage 600 to 700 mY. After hydrogen adsorption was
complete (in about 3 min), the recorder stopped its rapid
advance to the high temperature end of the scale and staned
a slow drift downward due to heat leak away from the reac­
tion chamber.

Ambient temperature was restored by holding a small piece
of dry ice over the hole cut in the top of the insulation block
for that purpose. Cold carbon dioxide flowing down over
the reaction chamber caused a rapid drop in temperature
which was compensated for by stepwise increase of the
bridge resistance to keep the recorder on scale. In less than a
minute, the original bridge setting had almost been reached.
The dry ic..: was removed and th..: reaction chamber began a
slow drift toward temperature equilibrium indicated by an
approximately logarithmic approach of the recorder to a
steady reading. Two or three minutcs generally sufficed

time

Figure 2. Typical tempcrature us. time
cun'e

The "crtical axis is proportional to tcmpc....lturc

to establish a rclatively steady base line as shown at the
bottom of Figure 2. The entire catalyst preparation took
about 10 minutes.

Hydrogenation. The hydrogenation procedure began by
injecting a sample of pure 0ld1n or a standard of known
concentration and noting the scale deflection. The series
resistance was adjusted so as to give nearly full scale defll'C­
tion for the standard. At this point it is convenient to set
the voltage divider switch of the Wheatstone bridge at "0.1"
so as to be able 10 vary the bridge resistance in steps of O. t
ohm. The bridge resistance and the "zero adjust" control
on the recorder may now be used in conjunction to L"Stablish
any base line desired.

After each hydrogenation 1 the reaction chamber was
cooled by the dry ice procedure just described and tempera­
turc equilibrium wa~ reestablished. After the proper scriL-s
resistance had been found, fifteen samples of the same olefin
containing varying amounts of an inert hydrocarbon diluent
were hydrogenated.

RESULTS AND DISCUSSION

Reaction Time. The success of DIE determination of ole­
fins depends on short reaction times. Reaction times of the
simple olcfins reported here were from 10 10 30 seconds as
contrasted to several hours reported for similar hydrogcna­
tions under different conditions (3, J5). These shan reaction
times make errors from instrumental drift negligible and
minimize extrapolation errors in Figure 2. Watt and \Valling
(/6) have shown that hydrogenation of higher monoolefins
proceeds by a zero order reaction on reduced Pd catalyst.
Hence the small sample size in these experim..:nts is an advan­
tage because reaction times arc directly proportional to
amount of olefin, all other things being equal. Zero order
reactions arc frequently limited by the catalyst surface area
available to the reactants, hence it is not surprising that by
using an overwhelming excess of catalyst adsorbed on acti-

(15) R. B. Williams. J. Amer. Clwm. Soc.. 64, 1395 (1942).
(16) G. W. Wall and M. T. Walling. Jr.. J. Phys. C/Il'm .• 59, 7

(1955).
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160

200
Figure 2 is not strictly comparable to the cases treated in the
literature (9), and we have not attempted to extrapolate this
curve in the usual way by truncating the maximum. Instead,
we have used the extrapolation shown in Figure 2 which
includes the maximum. This amounts to cXlrapolating out
the heat capacity of the reaction chamber and fittings and
comparing temperature increments of the stirred solutions
independent of the reaction chamber. Heat rise is measured
by the vertical in figure 2 in accord with Skinner's rccom·
meodalioo for fasl reaetioos (/8).

l\1icroanalysis. The determination of synthetic unknowns
of cyclohcxcne in n·hl·xane is shown in Figure 3 in the form
of a plot of micromoles of unknown taken as a function of
micromoles of unknown found. The seril:s resistance was
6500 ohms. Cyclopcntene in n-hexane and I-hexcne in
,,-hexane arc shown as the first two entries in Tahle I. The
series resistancl: was 5000 ohms for cyclopcntene and 5500
ohms for I -hexene. The last column in Table I is the relative
standard deviation from the "best" straight line through thl;
data. ns computed by a line;lr rl'gression technique.

Ultramicro Analysis. \Ve felt that at st.:rit.:s resistance of
5000 ohms and more (bridge input volwge. 600 mV or less)
we were not taking advantage of the full potential of the
apparatus. Therefore we decided to select one substance
and to dccrense its concentrntion to the limit of the apparalUs.

In connection with some other work. we had beeoml;
interested in phenylacetylcne; hence. we sck'Cted it as our
test substance. Selection of nn ncetylene instead of a mono­
olefin ensurcs a t''''ofold incrensl; in sensitivity because two
pi bonds arl; hydrogcnall.:d rnthL:r than one (nothing happens
to the ring). \Vl; feci. however. that the great increase in
sensitivity shown in the fourth entry in Tabll: I and the
respectable level of error show that direct enthalpimetric
determination of unsaturation at the ultramicro level is a
method of considerable promise. \Vl; do not feel that the
concentrations shown in Tnble I represent the ultimate limit
of sensitivity and we arc presently redesigning the apparatus
to improve this feature of the mcthod.

The need for improved sensitivity is evicknt frolll the last
two entries in Table I. These esters have a high molecular
weight; consequently. they give ofT a relatively small amount
of hent per mole. Moreover, they arc \'i~ous and diHicult to
handk in the pure statl; using microvolumetric equipment.
Improved sensitivity would enable one to handle dilute solu­
tions of high molecular weight compounds and to extend the
method to solid compounds containing double bonds which
may have limited solubility in the calorimeter fluid.

Disnd,·sntllgcs. Like nil methods of great generality. DIE
lTIl:thods arc nonspecific: onl; cannot. in general, determine
one olefin in the presence of ~lI1other. An exception is the
determination of normal unsnturation in the presence of an
aromatic compound as in the case of cyclohexenc in benzene
or even din'crl;ntiation between normal and aromatic un·
saturation in the same molecule as in thl.: hydrogenation of
thl; acetylcnic double bond in phenylacctylenc whill; not
disturbing the ring.

Some heats of hydrogenation dilTer from others even for
compounds contuining only onl; double bond. One must.
therdore. have a pretty good idea of what olefins arc present
for the DIE method to be useful. Reasons for difTcrl'nces in
heat output ar~ gcnerally related to sh.:ric strain.

Compounds contaminated by sulfides can be cxpl;cted to
poison thccatalysl.

.8

.4

2. :t

1.5
1.2
0.9

SId
dcv. %

200

Iller!
diluelll

I-ICXUIlC

Hexane
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I-h:xnllc

Hexane
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16
15
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15 75
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Enthalpimctric Uetermination of Unsnturation

Rcpli·
Amlllllli. C<lIl'

IlIllOlcs SUl1lpJc~

80 120 160
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Figure 3. l\'1icromolcs found c.\'. micromolcs
t:lkt'll for (·yclohl'Xl'fU.'

Tabl,' J.

Compound

1-lh:Xl'IlC
C)c!OpCI1ICIlC

Phellyl-
flC~I)lcnc

Phen»)­
tlCCI) h.'nc·

Linoleic lleil!.
Ml.:lh)'1 ester

I inolctc acid
I:th) 1ester

• Scric!lo rc-,i~HII1CC (to:) ohm~. input \'ollage ubout 3 volts.

Vlllcd churcoal in the [orm of It slirred slurr)'. we achieved It

considallbk reduction in reaction lime. In other experiments
we have used tl variety of"Solvents but we have not noticed the
usunl vurintion of rcuction time with stirring fate (17) or with
solvent (2).

The practical vulue of nny analytical technique is, in part.
determined by its rapidity. \Vc were able to go through the
entire prcptlrHtion nod hydrogenation process for 15 sampks
in ubOlIt 2 1/'! hours.. DClcriorution of the catalyst is not It

problem with pure olt:lins. \Vc hnvc hydrogenated as many
as 40 S<.Il11plcs on.lhc snmc catalyst charge with no decrease in
n:action rute and no evidence of incompktl' reaction.

Extrapolation of the Tcmpcrnturc~TimcCunc. Figure 2
is, in efTect, a lcmpcrntur..:-limc 'curve familiar from classical
calorimetry except lhllt .the temperature axis is in lmits of
n..'Cordcl scale dCnL'Ction instead of degrees.. That we do
not know how many units of scale deflcction equal one degree
is immaterial because nil ·measurements arc relative 10 a
known standard or a calibration curvc constructed therefrom.

\Ve attribute the maximum in Figure 2 to rapid transfer of
hcat generllh:d by the reaction to the stirred reaction mixture
followed by slow transfer of heat from the reaction mixture to
the reaction chamber and its fittings. Because of this.

(17) T. Ftirlcrort. H. A. Skinner. and M. C. Whiling. TrilIIs. Fllrtl·

(d"..· Sac., 53, 784 (1957).
(IS) H. A. Skinner. in "Biochemical MicrocalorimclfY:' H. D.

Brown. Ed.. Academic Press. New York. N.Y.. 1969. P 6.

1470 • ANALYTICAL CHEMISTRY. VOL. 43, NO. 11, SEPTEMBER 1971



Although the compounds reported here and twenty or
thirty others we have investigated are fast reacting, we have
fun across a few which are not. Pinene does nol react rapidly
under these conditions and the DIE method is not applicable.

We have encountered onc case of a strained diolefin in
which one double bond is hydrogenated while the other is
not (/0). While this poses some interesting structural
problems, it does not effect the DIE method.

Hcat of Solution. The linear calibration curve of scale
deftection vs. concentration docs not, in general, pass through
the origin. This is lx:cause of the heat of solution of the inert
diluent and the heat of solution of the reaction product
obtained on hydrogenating the olefin. Thermochemical
analysis (/2, 16) shows that even the heat of hydrogenation
of a pure olefin must be corrected for the heat of solution of
the reaction product. Wide variation in the nature of the
inert diluent can cause some error. Thus, if the calibration

curve were constructed using solutions of olefin in hexane and
unknowns were olefin in decane, a small error would result.
Our heat of solution studies (/9) indicate that this error would
be 1-2% in the most unfavorable cases and would vanish as
the nature of the inert solvent is known and unknown samples
become more similar.
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Automated Data Acquisition System and Computer Analysis for
Sedimentation Equilibrium Experiments

A. C. Beckwith, H. C. Nielsen, and R. O. Butterfield

Northern Regional Research Laboratory, NOr/hem Marketing and Nutrition Research Division, Agricultural Research Service,
U. S. Department of Agriculture, Peoria, 1//. 61604.

A method is presented which shows that commercially
available digital voltmeters and high speed paper tape
punches can be used to digitize the analog output
from a photoelectric scanner attachment on the ana­
lytical ultracentrifuge. Equations which are used in
a computer analysis of the digital information are de­
veloped. Computer output can be presented in a
variety of ways for the convenience of the experimen­
ter, but most generally is shown as apparent molecular
weight VI. concentration The method provides better
than a 30-fold decrease in the time required to carry
out a complete analysis over manual methods while
using at least a 10-fold increase in the amount of in­
formation across the solution column at equilibrium.

OF TilE TWO GENERAL ultracentrifuge methods, the equilib.
rium method is probably the best for determining the molec­
ular weights and molecular weight distributions of macro­
molecules. In the equilibrium method, tedious measurements
must be made before the output from the optical systems on
the centrifuge can be converted to values of concentrations
and radii and these variables, in turn, must be manipulated
in rather involved calculations before obtaining molecular
weight values.

Many computer programs arc available which perform the
required calculations. The more general of these programs
have been reviewed by Trautman (I). However, with these
programs, the task of converting the optical output to a form
which can be accepted by a computer still remains.

The development of the scanning absorbance optics for the
ultracentrifuge (2) made it possible to devise equipment that
would convert raw data from the centrifuge to a form directly

(I) R. Trautman, "Fractions," Bull. No.2, Spineo Inc.. Palo Alto.
Calif., 1966.

(2) L. Lamers. F. Putney. I. Z. Steinberg. and H. K. Schaehman,
Arch. Bioch,,,,. Biophys., 103 379 (1963).

readable by a computer. Spragg (3) and Spragg and Good­
man (4) have aUlomated the data acquisition using an ultra­
centrifugc-eomputer on-line operation.

The results presented in this paper were obtained with an
integrating digital voltmeter and paper tape punch to collect
the raw data from an absorbance scanner attachment. A
computer converted this information into units of concentra­
tions and radii and calculated apparent molecular weight
values at many points within the solution column at sedi·
mentation equilibrium. The data acquisition system to be
described permitted the use of conventional double sector
cells in multiplaced rotors so that parameters such as solvent
and initial solute concentration could be varied in a single
equilibrium experiment. A rapid computer analysis of the
data made it possible to use the ultracentrifuge routinely
to explore the sedimentation behavior of paucidispersed,
associating-dissociating, or ideal macromolecular solutions.

THEORETICAL

The general starting point used in preparing the computer
analysis considers a solution of nonelectrolyte polymer in an
incompressible solvent at sedimentation equilibrium. The
polymer consists of n components capable of having different
molecular weights. The fundamental equation of interest
which applies to any component j in this system is given by
Equation 1.

Mj(l - Djp)w'rcj/RT = dcildr + .
Mjcj 2: Bj.(dc./dr) + (I)"_1

(3) S. D. Spragg, Anal. Chi",. Act., 38, 137 (1967).
(4) S. D. Spragg and R. F. Goodman, Alln. N. Y. Acad. Sci., 164,

294 (1969).
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InY + A,Y = A, + A,r' + L A,(r,)'-2 (5)
.1.-."

'"Inc + BJI7.c - I + (X,I7~ - K,)r' - L K,r"+2 (4)1_,

[I + B.17 .,cJdlnc = X:17 ~d(r') - t M, t 6"c,dc, (2)
i-I 4·-1 C

(5) H. Fujits, "Mathematical Theory or SedimentRtion Analysis,"
Academic Press, New York, N. Y., 1962.

(6) T. H. DonnellY,J.Phys. Chrm., 70. 1862 (t966).
(7) S. J. Edelstein, M. J.. Rehmar, J. S. Olson, and G. H. Gibson,

J. Bioi. Chrm., 245, 4372(t970).

Additional comments pertaining to thc use of Equation 5
appear in later sections.

EXPERIMENTAL

Equipment A Spinco Model E analytical ultracentrifuge
equipped with an RTIC unit, a photoelectric scanner attach­
ment, and a multiplexing accessory was used in these studies.
The multiplexing accessory permitted direct pholoelectric
scaaning of absorbaace profiles from one to five double­
sector cells during a single experiment.

An Infotronics Corp. Model CRS-30 integrating digital
voltmeter was coanected directly to the output of the photo­
electric scanner (at the recorder input terminals). This mode
of connectioa took full advantage of the multiplexiag acces­
sory when using multiplaccd rotors. The high impedance
CRS-30 is designed to average a voltage for a selected period
of time and then punch the average voltage, expressed in rela·
tive uaits of selected full-scale voltage, onto paper tape with a
prc'Cision of 1 to 2 parts per 100,000.

A Teletype BPRE-ll paper tape puach, capable of punching
up to 110 characlers per sec, was connected to the output of the
CRS-30. A five-digit number aad an ead-of-line character
was punched in standard IBM 8-channcl paper tape code.

A system of relays desigaed to control the operatioaal
coaditions of the CRS-30 and tape punch were actuated from
a single stack on the step function switch of the scanner.

An IBM-I 130 computing system with 8K core, disk, paper
tape reader, card reader, printer, and plottcr was uscd to
analyze all results of the equilibrium experiments.

Materials. Proteins that have been used for testing the
procc-dure were bovine hemoglohin (Hb) (2X crystallization)
obtaiaed from Peatcx Inc., sperm whale myoglobin supplied
by the Mann Research Laboratories, Inc., and ribonuclease
A purchased from the Sigma Chemical Co. A sample of
gamma-3 wheat gliadin was provided by K. R. Sexson of the
Northern Laboratory.

L-Tyrosine purchased from the Nutional Biochemical
Corp. served as an absorbance standard at 278 nm for testing
the photoelectric scanner in its function as a spcctrophotom­
eter.

Othcr chemicals used in preparing solutions wcre commer­
dally available reagent-grade chcmicals.

l\iethods. Five standard solutions of L-tyrosine were
prepared in 0.01 N HCI and the ultraviolet spectra of the
solutions were determined on a Cary 14 spectrophotometer
with quartz cells having a lO-mm pathleagth. The measured
absorbance at 278 nm for th~ solutions was corrected for the
12-mm light path of the double-sector centrifuge cells. Five
double-sector cdls, each containing a tyrosine solution of a
different concentration and ;:1150 O.OIN HCI solvent, were
used in a six-place rotor along with thc scanner's refercnce
ccll. Absorbance profiles ;:It 278 nm across the cells were
determined at 25 °C and at three different rotor speeds:
10,589: 17,250; and 27,690 rpm.

Stock solutions of ribonuclease and myoglobulin were
prepared in O.l5M KCI; a solution of Hb, in O.IM NaCl;
and II solution of wheal gumma-3 gliadin, in 3M urea-Q.15M
KCI. These stock solutions were dialyzed against solvent
for 24 hours at4 °C before preparing dilutions for sedimenta­
tion equilibrium determinations.

Equilibrium runs were made at 20.9 'C and 17,250 rpm
for riboauclease and myoglobin; at 16.5 'C and 10,589 rpm
for Hb; and al 16.6 'C llnd 15,220 rpm for gamma-3 gliadin.
Scanner response for each solution was converted to digital
values on punched paper tape as soon as the rotor reached the
desired spt.."Cd in order to obtain information relating to initial
protein concentrations. The digitizing process was rcpeated
after reaching the equilibrium state. In accordance with the
rc'Commendations of Barlow et al. (8), high speed profiles

(8) G. H. Barlow. L Summaria, llnd K. C. Robbins. J. BioI. Chrm.,
244 tt 38 (t 969).

(3)C, 0::: b,ea,r l and C = L: b,ro",/-,
which can be derived from 1 by first equating all B,,'s to zero.

Since Equation 2 already contains an estimate for thermo·
dynamic nonideality, it is assumed that Equation 3 can be
used to apporoximate the ratios appearing within the second
summation on the right in Equation 2. However, before
carrying out the integration. the exponential terms can b~

expanded as their Taylor series and coenieients having similar
powers of the rodius collected. After carrying out the
indicated division with the series approximations, the integra­
tion produces

I is u general constant of integration and the X's arise as a
result of uSIng Taylor series IIpproximations for expoaential
functions.

Finally, in order to relate Equation 4 to absorbance or
digital signal, it must be assumed that some average absorp­
tivity value applies for all compoaents. For paucidispersed
systems this assumption may not be valid, but for ideal
systems nnd simple systems undergOing association-dissocia·
tion n:actions, the ussumption should not introduce a serious
error (7). Therefore, 'if Y represents the absorbance or the
corrected digital signal across the solution column, the equa­
tion in )' corresponding to Equation 4 has the form

The theoretical development and standard meanings for the
terms in Equation 1 can be found in reference (5). Terms
containing higher powers of concentration for all components
have been neglected. Since it is generally assumed that the
partial specific volumes arc the same for all components, the
subscript on uis not needed.

For subsequent testing purposes, it was convenient to
represent the coefficients B" in Equation I in terms of an
average value B and a deviation from the average 6". Mak­
ing this substitution and using the slandard definitions,

c'" t c, and lrJ ID - t M,c,fc, where c is the total conccn-
I-I l-l

tralion and !If ~ the weight average molecular weight, Equation
1 is summed over j from I to n to yield after some rearrange­
ment

where X = (I - up)",'/2 RT.
Since an absorbance profile gives information pertaining only

to 10lal concentration, the integral of2 is most directly applied
to scanner signal values. Because of eleclronic and other
forms of signal noise, Equation 2 is not easily and rapidly
evaluated by numerical integration methods. To obtain an
approximation to the integral of 2 which could later be used
in n standard regression analysis, it is noted that other workers
(6, 7) have represented the total concentration at any radius
in the solution column by n sum of exponential terms of the
form:

1472 • ANALYTICAL CHEMISTRY, VOL. 43, NO. 11, SEPTEMBER 1971









Table I. Qualitative DetermiDatloo of GuanidiDo-Cootalning Compounds before aDd after
Durerentlal Buiaool Extraction

Before extraction After extraction

+

+
+

+
+

On chromatogram-

+
+

Da Sak Nin

+ + ++

+
+

In tube'>

+

+
+

Da Sak

+
+
+

+
+
+
+
+

+
+
+

On chromatogram

+
+
+
+
+

Da Sak Nin

+
+
+

In tube

+
+
+
+
+

Da SakCompound

Agmatine
L-Arginine
L-Homoarginine
Creatine
Creatinine­
Spermine
Spermidine
L-Citrulline
L-CanBvBnine~ + + +
4.Guanidinobutyl.l.amine + + + +
J,4-Diguanidobutanc sulfate + + + +

+ - red-purple or orange color indicating presence of guanidino compounds.
- - no color or absence of these compounds.
Extraction - treatment with NnCI saturated 10% KOH followed by agitation with ,,·butanol.
Sak - Sakaguchi reagent.
Da - Diacctyl reagent.
Nin - Ninhydrin reagcnt.

• - II-Butanol layer.•
• - Very vcry weuk diacetyl reactions.
r _ Very weak Sakoguchi rcaction on chromatogram.
20 to 40 micrograms were used to spot the chromatograms; 80-100 micrograms/ml were added to the tubes in these reactions.

ccdure of Bonns et 01. (10) except that the NaOCI was not
added. The plates were sprayed with this solution and
heated to 100-110 ·C for 1-3 min. While still hot, they
were spmyed with NaOCI (undiluted commercial Clorox)
to develop the orange color associated with guanidino groups.

SPECTROPHOTOMETRIC DFTERMINATtONS. Samples for spec­
trophotometric determinations were dissolved in distilled
water and reacted with the diacetyl reagent. Similar samples
were differentially extracted and the butanol layer reacted
with the diacetyl reagent. The samples were then pipetted
into cuvettes and placed in the Beckman DK·2A Ratio
Recording Sp,:ctrophotometer to obtain the characteristic
obsorption curves. Quantitative measurements were also
made on these solutions using a Zeiss Spectrophotometer
model PMQII. The wavelength used depended on the ab·
sorption churacteristics of the compounds and is so indicated
in the·data.

RESULTS AND DISCUSSION

Guanidino compounds arc important metabolic pn.'Cursors
of many substances including ornithine, url!o. and creatinine.
Agmatine has Ix:en mentioned as one of the classical sub­
strates of diamine oxidase (3). In addition, one test used in
the identifieDtion of Gram-negative bacteria involves a
lengthy monitoring of arginine decarboxylase and dihydrolase
activity. Thus, a rapid method of detl'Cting and quantitating
several important guanidino compounds, especially agmatine.
would be of value to the microbiologist and the biochemist.
Attempts to develop a rupid routine m~thod for detection of
arginine decarboxylase activity in microbial cultures resulted
in the adaptation and modification of a differential extraction
procedure and a diacetyl reugent into this single method for
the rapid detl'Ction of ugmatine i~ the presence of arginine.
The usc of this procedure in the routine detection of agmatine
produced by various bacteria (media, pH, and other growth
parameters) will be published in a separate paper (/1).

Qualitath1c Determinations. Diacetyl and Sakaguchi re­
agents have been used to detect certain guanidino compounds
(4, 7, 8). However. the Sakaguchi reagent is only specific
for monosubstituted guanidino derivatives (10). In addition,
the control blank is colored, thus making the detection of
small amounts very dillkult. Wt:. have modified the diacetyl
reagent so that amounts as low as 2-10 Ilg of guanidino
compounds such as agmatine and arginine can be detected.
Related compounds such as citrulline, spermine, and spermi­
dine were also tested to dclermine the specificity of the reac­
tion with the modified reagent. These data arc presented in
Table!.

Chromatograms were run on pre-coated thin-layer silica
gd plates to observe the position of the different compounds.
Although Dileso (/2) reported the usc of hand-prepared cellu­
lose TLC plates using several dilferent solvent systems fol­
lowed by many different spray reagents, ours was a simple
procedure for these compounds. Duplicate samples were
differentially extrach:d and the butanol layer was tested for
compounds which would react with diacetyl and Sakaguchi
reagents. Chromatograms similarly monitored the differ­
ential cx.traction process and indicated the presence of only
a few guanidino compounds in the butanol layer. These
Were agmatine, 1,4-diguanidobutane sulfate and 4-guanidino­
butyl-i-amine. Chromatograms were also sprayed with nin­
hydrin to detect the compounds with NH, groups and ob­
serve their presence OCfore and aftcr differential ex.traction.
A summary of these experiments is presented in Table I.
As can be seen, the extraction procedure also removed sper­
mine and spermidine from the mixture.

Mcitcs (8) indicated that crl:atininc gave a POSilivc reaction
with diacetyl reagent. However, we observed only a weak
reaction with our modified reagent (Table I) and could not
detect a reaction with the concentrations used in the rl"Cording
spectrophotometer (Figure 1). Therefore, this reagent is
not recommended for the determination of small amounts of

(II) M. C. Goldschmidt ond B. M. Lockhart, Appl. Microbiol., in
press. (12) F. Dileso. J. Chroma/ogr.• 32. 2ffJ (1968).
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Figure 4. Chromatographic doublet, manually de­
COD\'oluted

resolved (Figure 5). The second sample was a mixture of
51.29% ethanol and 49.71 % 2.propanol run at a column tem­
perature of 125°C. Again the components were not resolved
(Figure 4).

...:

H--:' \_> '>~,..++-
Figure 5. Chromatogram of methanol, ethanol, and
2-propanol as run on a 6 fl PAR-l column al 140°C

Figure 60. Poor deconvolution due 10 lack of exlCDSion
ofille tall oflbe IIrst peak

Figure 6b. The first peak has been sketched such that the
pcak top is too low. Note the resulting anomalous small
hump on the front of the second peak. Similar results arc
observed if the shape factors are approximately correcl but
the peak half·width of the hand-drawn peak was deliberately
drawn too narrow.

Mass Spc<:trograpbic Results. The processing of data
obtained from spark source mass spectrometry requires three
basic functions: identification of the m/e peaks to be analyzed.
deconvolution of doublets. and precise measurement of peak
areas. For the detennination of trace impurities in rocks and
soils. the determinations are complicaled by the fact that a
great deal of the photoplate is fogged due to spacc-<:harge
effects. This fogging results in a range and variety of nonlinear
base lines thai are difficult to process for quantitative an­
alytical data. Also the data are usually very noisy and often

t\'-...-. ....
'. ...\."

'.

RESULTS

Gas Chromatography. The deconvolution of overlapping
peaks was a typical usc to which the interactive dala-rl'duction
systcm was applied. For doublcts. thc procedure described in
the Experimental Section was followed. The deconvoluted
doublet obtainc'C! from the mixture of 51.29 % ethanol and
48.71 % 2-propanol mixture, shown in Figure 4, was typical
of results obtained with the interactive system. For 10 totally
independent analyses of the mixture. an average per ccnt
composition of 51.25 % for ethanol and 48.71 % 2-propanol
was obtained. with a standard deviation of 0.15 % absolute.
Another cstimate of the reproducibility was obtained by
making ten separate interactive data-processing analyses of
one chromatogram for which the results were 51.15% ethanol
and 48.85 % 2-propanol. with a standard deviation of 0.24 %
absolute. Both the accuracy and precision are quite adequate
for most nooroutine determinations.

To evaluate funher the accuracy obtainable with the
interactive system. panially resolved (Figure 5) chromato­
grams of the mixturc of 33.74% methanol. 32.53% ethanol.
and 33.73 % 2-propanol were analyzed. Analyses from nine
indepcndent runs gave the following results: methanol
33.74%. std dcv = 0.34%; cthanol 32.57%. std dev =
0.15 %; 2-propanol 33.69 %. std dcv = 0.27 %. Again. it is
interesting to note the accuracy of the means which indicates
that the errors encountered were random in naturc. Further­
more. the standard deviations, on an absolute basis, arc
quite acceptable and represent, on a relative basis, precision
of 0.3 to 1.0%. which comparcs well with the data usually
obtained on isolated peaks.

Another way to demonstrate the power of interactive data
processing is to examine improper processing of data similar
to those prc'SCntcd above. Figurc 60 shows the results of
one type of crror that can occur when attempting to decon·
volute two fused peaks. Any chcmist experienced in gas
chromatography will immediately nole the following anom·
alil'S: the trailing edge of the second peak is still unnaturally
convex with respect to the Y·axis; and the tail as drawn on
the first peak was tcrminated too soon and docs not show the
same general exponcntial decay as the sc<:ond peak, (The
values obtained were in error by approximately 2 % relative.)

Another type of error that can easily occur is shown in

"
,........ '. I I
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On-Line Interactive Data Processing

II. Processing Voltammetric Electrochemical Data

S. P. Perone

Chemistry Department, Purdue University, La/ayette, Ind. 47907

J. W. Frazer and Arthur Kray

Lawrence Radiation Laboratory, University of California, Livermore Calif. 94550

This work illustrates the application of a computerized
interactive processing system for analysis of voltam­
metric data. A small digital computer forms the heart
of the system. The operator can oversee data process­
ing functions by graphical communication with the
computer through an oscilloscopic display terminal.
Processing is programmed in a high-level conversa­
tional language. Applications to single-sweep and
cyclic-sweep data are illustrated.

ANALYTICAL ADVANTAGES of digital data acquisition and sub­
sequent computer processing of vollammetric data have been
amply demonstrated (1-3). However. computer processing
of voltammctric data presents a nontrivial problem for the
electrochemist. It is difficult to incorporate completely into a
computer program the complex interpretive processes required
by the expert clectrochemist to analyze nooroutine voltam­
metric data. Typical problems include: overlapping peaks:
nonlinear base lines; non·idcal electrolytic behavior (irre­
versibility, adsorption, etc.); and discrimination between real
and anomalous processes. For cyclic voltammetric studies,
the problems are compounded by the fact that the voltage
sweep is reversed during the experiment and both positive
and negative peaks must be analyzed. Moreover, because
cyclic experiments are gencrally applied to systems where
peak shapes arc distortcd duc to chemical kinetic complica­
tions, data processing can be parlicularly difficult.

This work describes the application of an interactive com­
puterized data processing approach to electroanalytical data.
The basic philosophy and fealures of this approach have been
described previously (4). The interactive system incorporates
the experimenter-operator into the computer data processing
operation. While the computer is programmed to carry out
lhe tedious and difficult computational handling of data, the
operator can impose his cxpen judgements regarding the sck'C­
tion of data regions to be analyzed and specific analysis pro­
ccdures. Interaction with the processing computer is
through an oscilloscopic display system which allows graphi­
cal communication.

EXPERIMEi''TAL

Electrochemical Instrumentation. The electrochemieal in­
strumentation used for the voltammetric studies reponed
here has Ix:en described previously (2, 5). (The 20-Hz low­
pass output filter was bypassed for the work reported here.)
The instrument used was a general-purpose voltammetric

(I) W. F. Gutknecht and S. P. Perone. ANAL. CHEM., 42, 906
(1910).

(2) S. P. Perone, J. E. Harrar, F. B. Stt:phcns, and R. E. Anderson,
ibid., 40, 899 (1968).

(3) G. Lauer. R. Abel. and F. C. Anson, ibid., 39,165 (1961).
(4) J. W. Frazer. el al.• ibid.• 43,1419 (1911).
(5) F. B. Stephens, E. Behrin and J. E. Harrar. U. S. AI. Energy

Comm. Rep.• UCRL-50374 (1968).

device constructed from solid-state operational amplifier
modules and was designed to perform single· and cyclic.
sweep voltammetric experiments with regular current or"
derivative readouts. The instrument provided timing cir­
cuitry for synchronization of voltammetric experiments with
the dropping mercury electrode, so that experiments could be
run during the laller portion of the drop·life. All data were
oblained at a scan rate of 1.0 VIsec.

The electrochemical cells and electrodes used have been
described in detail previously (2, 5). The apparatus involved
two matched cells with dropping mercury electrode (DME)
syslems, providing synchronized drop dislodgment at timed
intervals. II was possible to make measurements on either
cell independently, or to make differential measurements.
Saturated calomel reference electrodes and platinum wire
counter electrodes were employed.

The solutions used in this work were prepared from ana­
lytical reagent grade chemicals and deionized water. Specific
solution compositions arc given in the text. All solutions
were deaerated with high purilY nitrogen. Cell temperatures
were thermostated at 25.00 ± 0.02 'C.

Computerized Real-Time Data Acquisition System. The
electrochemical data acquisition system is identical to that
described in detail previously (2). It involved using a DEC
(Digital Equipment Corporation. Maynard, Mass.) PDP·SIS
computer for acquiring, storing, and limited processing of
experimental data. In addition, the computer could transfer
the experimental data to a permanent punched paper tape
buffer for later data processing. Data acquisition was carried
out at a 250-Hz rate for all experiments described here.

Data Processing System. The computerized interactive
data processing system has also been described in detail
elsewhere (4). It involved the use of a DEC PDP·S/I com·
puter with S K of core memory and a 32-K magnetic disk
storage capability. The oscilloscopic display system in·
cluded a Tektronix Model 611 large screen oscilloscope.
Coupled with the oscilloscopic display was a hard wired
control panel. Although the previously reported work
employed a Graf-Pen (Science Accessories Corporation,
South Port, Conn.), the control panel used here had associated
wilh it a "joystick" (6) which could be manipulated to control
the positioning of a cursor point projected on the oscilloscope
screen. It was possible to rotate the joystick in a complete
360' arc and position the cursor point anywhere on the face
of the screen. The oscilloscopic interactive display program
could readily translate the joystick·positioned Cllllior points
into X, Y information available to the data processing pro­
grams as described below.

The control panel provided several pushbullon switches,
the status of which could be monitored by the interactive
program, and be interpreted in a variety of ways (4). For
example, one could depress a bullon which would instruct
the computer to acquire real·time data and display the data
on the oscilloscope screen. Another button could be de·

(6) Tekscope, Art Anderson, Ed., Vol. 2, No.3. Tektronix, Inc.•
Beaverton, Ore., June 1970.
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(I)

Figure 2. Processing first peak In SIngle­
...·eep polarogram

A. Display of blank<otrected data (differential
dual-<ell measuruncat). 1.2 X llr' M Pb(II),
1.0 X lo-'M Cd(Il) ta I.OM KG (3rd peak UD­
dellaed)
B. Data wUh 4 cu....r polots selected by operator
Dad joystlck. First 2 dellae _tiDe regiaa; 2ad
2 bracket peak. Projected lIae is computed lIaear
base tiDe

comments such as when a disk block transfer has been com­
pleted and the next stage ofoperation can be executed.

The exact operating procedure can vary depending on the
kind of data to be analyzed. This is one of the advantages of
the approach taken. To provide some insight to the pr<>­
cedural aspects and the capabilities of the interactive system,
two specific applications are described here. One of these
involves the processing of the single-sweep polarogram for a
simple 2.component mixture; the other involves processing
an uncomplicated cyclic polarogram.

Analysis of Single-Sweep Polarogram. Figure 2A presents
a typical polarogram to be analyzed. The first 2 peaks
correspond to 1.2 X Ia-'M Pb(lI) and 1.0 X Ia-'M Cd(ll),
respectively. The small third peak is an anomalous peak of
unknown origin. Figure 2B represents the same trace after
the operator has executed Mode II (Table I) and marked off
two distinct regions using the joystick and the corresponding
displayed cursor point (also shown as an isolated dot on the
photograph). The first two points dcfme the base-line region.
The second two points bracket the first peak.

Figure 2B also shows the computed base line displayed
after Mode III has been executed. The computations involve,
first, generating a linear base line by a least squares fit to the
data included within the base-line markers. Next, a quadratic
equation is fit to the data in the peak region. The peak pq­
tential and the base-line-corrected peak height arc computed
and printed out. The use of the least squares filting technique
here minimizes problems associated with noisy data and pro­
vides more accurate peak measurements than a linear interpo­
lation approach.

Figure 3A shows the display after the operator has returned
to Mode II, selected the base line and peak regions for the
next peak, and exccuted Mode 111 again. In this case he tells
the computer (via a push-button on the control panel) that the
base line should correspond to a I{(/'{') decay function. Fig­
ure 3A displays the extrapolated decay function fit to the data
between the base-line markers. In addition, the computer has
calculated tbe base-Iine-corrected peak height and peak po­
tential for the 2nd peak Uust as for the first peak). These
results are printed on the teletype.

B

A

" - ----~

--+--+.

computer applies a linear least squares analysis to detennine
the equation for the best straight line fitting those data points
(9, 10). The linear segment is projected throUgh the selected
data points across the entire data display.

The computer program for handling thc extrapolated diffu­
sion current base line established by a preceding reduction
peak is computed by an iterative approach. This approach
simply assumes that the data in the region marked olf by usc
of the joystick follow a I {(I 1/') dependence as shown in Equa­
tion I. The only unknown in tbe equation is I.. (i. = cur­
rent at to: t = time past to.)

(9) P. R. Bevington, "Data Reduction and Error Analysis for the
Physical Sciences," McGraw-HiU, New York, N.Y., 1969.

(10) W. E. Groves, "Brief Numerical Methods," Prentice--Hall,
Inc., Englewood Cliffs, N. J., 1966.

(11) O. S. Polcyn and I. Shain, ANAL. CHEM., 38,370 (1966).

i<e-Hc> = io [-.!!....J'"
I+I~

The program allempts to fit the data to the I{(/)'" function by
finding the correct I. to obtain an adequate fit. [The approach
is similar to that described by Polcyn and Shain (J J).] The
criterion for selection of I. involves establishing a fit, within
I %, to the laller data points in the region, based on the values
of the earlier data points in the region. If the data do not
follow a I{(/''') dependence, the iterativc procedure will not
converge rapidly, if at all. Thus, the operator will know im­
mediately if the I{(II/') dependence docs not fit the data.

The third type of processing computations involves analysis
of the data region selccted by the operator as containing the
peak information. The program to handle these data in­
volves filling a quadratic equation to the data in the peak
region by employing a linear least squares procedure (9, 10).
The peak data are corrected for base-line contributions due to
either linear or 1/(1"') functions before the quadratic curve­
filling step. Therefore, peak measurements arc not distorted
by superimposed base-line trends. Once the least squares
quadratic fit is determined, the peak maximum is established
by evaluating the first derivative and selling equal to zero.
The current value at the peak maximum is computed from
the quadratic equation.

The validity and elfectiveness of these theoretical approaches
to processing single- and cyclic-sweep voltammetric data will
be evaluated in the following sections.

OPERATING PROCEDURES AND SYSTEM DESCRIPTION

When the experimental voltammetric data are available (in
computer memory) for processing, the interactive processing
system can be implemented. The operator has at his disposal
three means of communication with the compuler j_ visual
oscilloscopic display of the data and auxiliary inforrnation­
such as base lines, marker points, and the cursor point; a
push-bullon control panel and joystick-where the joystick
can manipulate the cursor point on the scope display, and
the push·button controls can select various modes of com­
puter operation; and a teletype for results output and opera­
tor information input. The various modes of operation­
selectable from the control panel-arc summarized in Table I.
Additional information requested by the computer to be
entered through the teletype include: the number of data to
acquire; the data density; whether data correspond to sample
blank, or blank-correcled data; the scaling factors desired for
the data display; and the values (in mY) of initial and switch­
ing potentials. The computer also types out informational
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Figure 3. Processing second peak in
singlc·swccp polarogram

A. Dnln with new placement of 4 cursor points.
First 2 define diffusion<ontrollcd hase-line
reg.lon (1/(/1/2) dependence); 2nd 2 points
brocket penk. .Jrojcetcd line is computed
base line for 2nd pC:lk
B. Displuy of durll ofter subtmctinJ.: extra·
pointed contribution of flrst Jl~lk. Markers
pluced on curve 10 dcUnc new IIncnT busc line
C. Some dutu os In JJ above, except SClllcd X4.
'Jl1C new linear busc line lUIS hl'Cn computed
Dnd disphl)'cd. (Ncccs..'iary only when the
prcccdlnA linear IxIsc line is nonzero)

Figure 3D shows the display that results when Mode IV is
executed next. The computer subtracts the extrapoloted
first peak from all the data and displays the results. The
operator cun scale the result by an nppropriulc factor. as
demonstrated in Figure 3C. (The opemtor might also choose
ot this point to save the intermediate data on the disk in case
fulure manipulations do not turn oul well.) Also shown in
Figures '3D and 3C arc the operator's placement of markers.
Figure 3C shows the new computed linear base line.

Figure 4 illustrates the sequencc of operations which one
can follow next to eventually extmct each succceding peak in
the voltnmmctric curve-assuming each reduction step reaches
diffusion control before the slUrt of the next step. The quan­
titative information obtained becomes less accurate for suc­
ceeding steps, particularly if seveml larger peaks have pre­
ceded. The two limilations are: the dynamic range of the
digitized data (e.g., 0 to 1023 for a IO-bit conversion); and
the propagation of computational errors where succeeding
calculations arc affccted by the accuracy of preceding steps.

For the data analyze'! in Figures 2 to 4, only u qualitative
perspective on the 3rd peak was required. The question was
whether the anomalous peak arose from a diffusion-limited
process, or from 8 surface-limited process such us adsorption
pre-wave or post-wave (12). The fact that the extracted curve
in Figure 48 gives the appearance of a typical diffusion-limited
reduction process could not have been ascertained readily from
the original data displayed in Figure 2A. More~ver, the ap­
parcnt location of the third peak on the potential axis was
distorted in the original display (Figure 2A) due to the decay-

(12) R. H. Wopschall and I. Shaia. ANAl.. 0<£... , 39, 1514 (1967).

Figure 4. Processing and extracting suc­
ceeding peaks in single--swccp polarogram

A. Tail of 2nd peak is processed to estllblish
bas<: line for 3rd peak. (Peak height and peak
potential of 3rd peak arc computed and printed
out on telel}·pc.)
B. 3rd peak extmeted (and scaled XS) by
subtracting cxtnpolated contribution of 2nd
peak

ing base line. The best estimate to Ep from Figure 2A was
-0.830 ± 0.005 V os. SCE. The peak extracted in Figure
4D had a computed Ep of -0.839 ± 0.001 V.

Analysis of Cyclic Polarograms. The analysis of cyclic
vollammelric data is demonstrated in Figure 5. All the
capabilities outlined abovc can be applied to these data also.
Essentially the same operating procedures arc followed.
In addition, the computation of particularly useful quantities
such as the separation of peak potentials, 6.Ep , and the ratio
of reverse to forward peak currents, lu/I" is provided. It is
also useful to be able to extract the reverse peak and display it,
corrected for the theoretical extrapolated base line, as shown
in Figure 5C.

RESULTS AND DISCUSSION

Various experimental studies were carried out with the ob­
jective of evaluating the interactive processing system for
voltammetric data processing. The systems studied included:
uncomplicated reversible reduction processes; multicompo­
nent mixtures of mctal ions; and dilute solutions of reducible
species. It was hoped that observing this varielY of voltam­
metric systcms would provide an adequate evaluation of the
capabilities and limitations of the interactive processing sys­
tem applied here.

Singlc-Swcep Voltamrnetric Studies with Multicnmpnnent
Mixtures. These sludies wcre designed to evaluate the
ability to make accurate reproducible, quantitative analytical
measurements on a variety of simple mixtures of eleclfoactive
species. Several replicate processing runs were performed
on each set of data. The results of these studies are sum­
marized in Table n.

Three different mixtures were studied. One of these was a
mixture of 2 X 10~'M Pb(Ll), 2 X 10-'M Cd(lI), and 4 X
lo-'M Zn(ll) in 1.0M KCI. The peak height measurements
oblained agreed with those predicted from standards within

1488 • ANALYTICAL CHEMISTRY. VOL. 43. NO. 11, SEPTEMBER 1971



Table n. Quantitative Results from
SingJe-S"""p Experiments

E, (V os. Std" I" X 10·, Std"
Component SCE) dev ~A/M dev

Cd (std) -0.645 0.001 0.432 0.004
Cd' -0.645 0.001 0.426 0.007
Cd' -0.644 0.001 0.441 0.003
Cd' -0.652 0.001 0.447 0.007
Pb (SId) -0.440 0.002 0.219 0.003
Pb' -0.438 0.002 0.218 0.002
Pb' -0.443 0.001 0.202 0.002
Zn (sId) -1.083 0.002 0.210 0.002
Zn' -1.077 0.005 0.213 0.007

" 1 X Io-'M Pb(II), I X Io-'M TI(l), 1 X Io-'M Cd(II), 1.0M
KCI.

• 1 X Io-'M Pb(II), 2 X Io-'M ed(II), 1.0M KCI.
'2 X Io-'M Pb(lJ), 2 X Io-'M ed(II), 4 X Io-'M Zn(II),

1.0MKCI.
" Reported precision reflects repeatability of results for at least

three replicate pr<XeSSing operations.

Table m. Quantitative Results of Cyclic
Voltammetric Studies

SId
Std' tiE,.. dey,

Solution IN/I,· dey mY mY'

5 X IO-'M Fe(IIJ), oxalale
buffer 0.997' ±0.015 60.2 0.5

2 X to-'M Pb(II), 1M KCI 1.05' ±O.OI 28.7 0.7
2 X Io-'MTI(I),IMKCI 1.04' ±0.03 59.4 1.4
2 X Io-'M Zn(II), 1M KCl 1.693' ±0.012 114.2 2.0
2 X Io-'M Zn(II), 1M KCI I. 331' ±0.035 117.2 1.7
1. 2 X Io-'M Pb(II), 1M KCI 0.885' ±0.06 31.4 0.5

o Results based on 4-7 replicate runs on representative datu.
/) Using extrapolated 1/(1)1/1 base line.
c Using manually sketched extrapolated base line.

0.5103.5 %in each case. The measured peak potentials in the
mixture agreed within 3to 7 mY with the standards in each case.

Another solution studied was an equimolar mixture of
Pb(ll), TI(I), and Cd(II) in J.OM KCl. The reduction peaks
for Pb(ll) and TI(I) overlapped so badly (AEp ~ 45 mY) that
it was not possible to use the data processing approach de­
scribed here to analyze for either the TI(I) or the Pb(II).
Nevertheless, it was possible to determine the amount of
Cd(II) in the mixture by using the combined tails of the TI(I)
and Pb(II) reduction peaks as the base line for the Cd(ll) peak.
The same approach as outlined above was used except that no
attempt was made to analyze quantitatively for the TI(I) or
Pb(II) species. The results for the Cd(ll) peak are within 0.5 %
of the predicted value. However, it can be shown that the
combined tail should follow a simple 1/(1''') dependence only
when fo is identical for both processes. For cases where the
peaks are as close as secn here, the fit is adequately close as
long as the operator selecls the base-line determining region
close to the foot of the peak to be analyzed.

·Quaotltat;'·e Analysis of Cyclic Polarograms. One system
studied with cyctic voltammetry was 5 X lo-'M Fe(lII) in
oxalate bulTer (0.20M K,c,o" 0.25M H,C,O,), presumably a
reversible system (13). The results obtained are ineluded in
Table UI, aloog with results of other cyclic experiments. The
ratio of peak currents is very nearly unity, as predicted ·by
theory (8). The computer-evaluated peak separation, AE.; is
60.2 mY, very nearly equal to the value predicted for a one­
electron reversible system (8). More important here is the
fact that the standard deviations for the determinations of peak
ratio and peak separation are quite small. Other reverisble

(13) S. P. Perooe, ANAL. CHE>' .• 38, 1158 (1966).

A

B

c

Figure 5. Processing cyclic voltammetric
data
1.2 X 10....M Pb(II) In I.OM KCI; E, - -0.103
Y os. SCE; E, = -0.585 Y os. SCE; 1.0
V/scc sweep
A. Data nnd linear bose line dIsplllyed fa<
cathodic peak
B. Data and I/(t"') bose line dIsplayed fa<
anodic peak
C. Anodic peak extracted and displayed, cor­
rected to zero base tine and im'er1cd

systems studied with cyclic voltammetry included 2 X Io-'M
Pb(lI) and 2 X lo-'M TI(I) in 1M KCl. The results of pro­
cessing those dala are also given in Table UI. Close corre­
spondence to predicted correlations was observed.

Other cyclic voltammetric experiments were run to illustmte
the capability of the interactive processing system to handle
relatively "messy" data. One of these is the cyclic study of
2 X 10-'M Zn(II) in 1.0M KCI. The type of data obtained
is illustrated in Figure 6A. Obviously the Zn(lI) reduction
step is considerably more drawn-out than the reverse oxida·
tion step. Moreover, the tail of the reduction step does not
follow a 1/(11/') dilTusion-controlled decay. This can be seen
from Figure 6A, where the result of an attempt 10 impose a
1/(11/') decay function on the lail of the reduction peak is
illustrated. The explanation for the non·ideal behavior is
probably hat the reduced Zn does not dilTuse into the Hg
electrode. This may be due 10 intermetallic complex forma­
tion between the Zn and Hg (14). In any event the fact thai
the Zn does not dilTuse into the Hg accounts for the drawn­
out cathodic peak as predicted for such a case (15). The
reverse peak is Quite sharp, however, because the Zn is
concentrated near the surface of the electrode and is re·oxi­
dized into solution quite rapidly. Figure 68 iIIuslrates how
the alternative manual method for estimating a base line was
utilized in tbis case for the reverse peak. The results obtained
in each case are summarized in Table III.

(14) W. Kemula. "Advances in Polarography, Proceedings Inter·
national Congress," I. S. Langmuir, Ed.• Pergamon Press, New
York, 1960, Yol. I, PP 105-143.

(IS) S. P. Perone and K. K. Davenport, J. Eleclroanal. Chern.,
U, 269 (1966).
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Figure 8. Processing cyclic data for dilute
Pb(I1) solutloa. (Same data as Figure 7)

A. AlUI1yzing cathodic peak
8. Using RUlnually-sketehed base line for
anodic peak

B

B

c

A

A.

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

Figure 7. Cyclic l'Oltammetric data for
dilute PbOn in KCI
1.2 X 10....M pb(Jn in I.OM KO; E1

-0.100 V os. SCE; E, = -0.585 V os. SCE
A. Single cell measurement
B. After subtracting blank
C. Data from 8saded XIO
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CONCLUSIONS

The computerized internctive system described here ilIus·
trntes a particular approach to quantiuitive processing Of
chemical data. The approach has certain established
advantages-such as allowing the superposition of human
judgment on computer data processing functions.. The
specific application reported here provides a reliable, rapid,
and versatile tool for processing voltammetric data. The re­
liability of the system is reflected in the repeatability of the
results. Atlenst an order of magnitude decrease in processing
time required compared to manual analysis has been observed.
FinaJly, the variety of processing situations allowed attests to
the versatility of the approach.

Figure 6. Cyclic Yoltammetrlc data for
ZnClnlnKCI

2.0 X IIt""MZnODln 1.0MKO; E, - -0.800
V os. SCE; E, - - 1.295 V os. SCE. (Dis­
play stllrlS at -0.880 V os. SCE)
A. Result of attempted 1/(1"") fit to cathodic
pc:a.k deatly current
B. Display of RUlnualty sketched base Itne for
anodIc pcok

Still another cyclic voltammctric study carricd out involvcd
looking at a very low concentration of Pb(JI) (1.2 X IO-'M)
in I.OM KCI. Because it was dillieult to match the dual cells
adequately at this sensitivity for a valid differential mcasure­
ment, it was necessary to correct the single cell measurement
for a blank cyclic polarogram run in the same cell under the
same conditions. Figures 7A and 78 show the data dis­
played before and after blank correction. Figure 7C shows
the blank-corrccted data after computer scaling. Obviously,
this kind of data handling would be extremely difficult to
perform' accurntely on cyc1ic experiments where data were
obtained by photographic recording. With the computerized
system described here, the blank correction is very conve·
niently and accurately carried out. The processing of these
data is iIlustrnted in Figures 8A and 88. It was necessary to
use a manual' sketch of thc base line for the reverse peak be·
cause the data were too noisy to allow convergence of the
program which fits a 1/(11") function to the tail ofthccathodic
peak.
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Molecular Interactions of Asphalt

Tentative Identification of 2-Quinolones in Asphalt and

Their Interaction with Carboxylic Acids Present

J. C. Petersen, R. V. Barbour, S. M. Dorrence, F. A. Barbour, and R. V. Helm

Laramie Energy Research Center, Bureau of Mines, U. S. Department of Interior, P.O. Box 3395, University Station,
Laramie. Wyo. 82070

The tentative identification of 2-quinolones has been
made in a Wilmington (Calif.) ·asphalt. These com­
pounds, which exist predominantly in the N-unsubsti·
tuted form, were concentrated in an asphaltic resin
fraction and are largely responsible for the 1655 cm- l

infrared absorption band in the asphalt. A strong
hydrogen-bonding association between the 2·quino­
lones and carboxylic acids in asphalt is reported. The
association complexes between the 2-quinolines and
the carboxylic acids in asphalt and between the model
compounds 2-quinolone and cyclohexanecarboxylic
acid were studied by infrared spectrometry using a
silylation reaction in which the 2-quinolones and
carboxylic acids reacted at different rates. The ability
of two solvents, methylene chloride and tetrahydro­
furan, to break up hydrogen-bonded molecular com­
plexes is shown. The diagnostic value of these sol­
vents in infrared spectrometry for identification of
carbonyl functional group types has been demon­
strated, and use of these solvents for molecular asso­
ciation studies in asphalts is reported.

THE CAROO~YL ~"RETCHING region of the infrared spectra of
asphalts (approximately 1620-1800 cm- I ) is generally broad
and irregular in shape and has not been exploited in asphalt
composition studies. The lack of exploitation of this region
probably results from the complexity of the absorption bands
caused by the presence of a large variety of functional groups.
These groups arc polar; and many arc capable of forming
intermolecular complexes, often through hydrogen bonding.
thus further complicating the spectra. Intermolecular hy­
drogen bonding in asphalts has been studied in thc hydrogen­
strctching region of the infrared spectra at 3100-3700 cm- I (I)
but has not been related to interactions involving the carbonyl
group. In the present study. molecular complexcs formed
through hydrogen bonding intcractions to carbonyl groups are
reponcd. Thc complexity of asphalt precludes, from a prac­
tical standpoint, the possibility of isolating the compounds
containing these interacting groups; therefore it is necessary
to devisc techniques to study specific functional group types in
thc presence of many others. We have followed this approach
by applying selectivc chemical reagents and solvcnts capable of
forming association complexes to asphalt fractions and inter­
preting the results using infrared spectrometry.

Most asphalts show a major band maximum in the infrared
spectra at about 1700 cm- I which has been attributed to the
carbonyl group absorption of such functional groups as
carboxylic acids, acid anhydrides, ketones, esters, etc. (2-5).
In many asphahs, however, an absorption in the carbonyl
region centered at about 1655 cm-' is observed. This band

(I) J. C. Pete""n,Flle/. 46.295 (1967).
(2) J. Knotnerus, J. Just. PelTol•• J...c"dOfl, 42, 355 (1956).
(3) P. G. CampbeIl and J. R. Wright, J. Res. NIII. Bllr. SId.• 68C,

115 (1964).
(4) R. Y. Helm and J. C. Pete""n, ANAL. CIIEM.• 40, J100 (1968).
(5) R. Y. Helm, ibid., 41, 1342 (1969).

varies widely in intensity in different asphalts and is absent in
some. The band was reportcd by Stewart (6) in an asphaltic
resin fraction, and he suggested that it might result from
amides or amincs, all hough no attempt was made to confirm
the speculation. The band at 1655 cm- l is difficult to obscrve
because in many instances it is overlapped on one side by the
carbonyl absorption ccntered at 1700 cm- I and on the other by
the so-called aromatic band at about 1600 cm- l •

In the present paper we repon that 2-quinolones and their
association complexes with carboxylic acids have tentatively
been identified as major contributors to the 1655 cm- 1 band in
asphalts. 2-Quinolones have been identified in the high­
boiling fractions of petroleum crude oils (7, 8), and the car­
boxylic acids in petroleum have received considerable study (9).
However, 2-quinoloncs have not previously been identified in
asphalts nor has their association with carboxylic acids been
recognized. 2-Quinolones in asphalt and their interaction
products with the carboxylic acids present were studied in this
work by selectively silylating the quinoloncs and carboxylic
acids. Similar studies were conducted on the model system,
2-quinolone and cyclohexanccarboxylic acid. The effects of
associating solvents on the acid-quinolone interactions; on
the interactions of carbonyl groups in an asphah fraction; and
on the carbonyl stretching frequcncies of model acids, esters,
ketones, and amides were also studied.

Because the molecular interactions of 2~quinoJonesand car­
boxylic acids with themselves and with each other result from
strong hydrogen bonds (III), the probable imponance of these
interactions as significant contibutors to asphalt physical
properties is suggested.

EXPERIMENrAL

~1aterials. Three asphaltic samples were used in the
analytical work: Wilmington (Calif.) asphalt described in
previous studies (/, II. 12), a molecular distillation fraction
from this asphalt (4), and an asphaltic resin fraction obtained
by the Kleinschmidt (/3) separation procedure from lbe
molecular distillation fraction. The asphaltic resin fractio,?
from the Kleinschmidt proccdure is that ponion of dc­
asphaltened asphalt not rcmovcd from fuller's eanh with pen­
tane or methylene chloride (CH:CI,) but removed with
methyl ethyl ketone. The molecular distillation fraction,

(6) J. E. Stewart. J. Res. Nal. Bur. SId., 58, 265 (1957).
(7) E. C. Copelin, ANAL. CnEM., 36, 2274 (1964).
(8) L. R. Snyder, B. E. Buell, and H. C. Howard, ibid., 40, 1303

(l96g).
(9) W. K. Seifert and W. G. Howells. ibid., 41, 554 (1969) and

references cited therein.
(10) J. Claine Pete""n, J. Phys. Chent., 75,1129 (1971).
(11) T. C. Davis, J. C. Petersen, and W. E. Haines, ANAL. CHEM.,

38, 24t (1966).
(12) J. W. Ramsey, F. R. McDonald, and J. C. Pete""n,llId. Ell/{.

Cltent. Prod. ilLs. Decelop.• 6, 231 (1967).
(13) L. R. Kleinschmidt, J. Res. Nar. Bur. Std., 54,163 (1955).
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Figure I. Infrared spectra durin~ silylation of
asphaltic resins from molecular distillation rrae·
tlon, Wilmington asphalt

0.10 g/iS mt in celt, 3600-3400 cm- l region in 1.06- i
em cell, 1800-1600 em-I region In O.10-cm cell, S?lvcnl ::::
and reagent compensated; CUO'c I, before addition of
UMDS; If, I hr at 2S ·C arler addilion or IIMDS;
UI, nn nddllion11118 hr al 46 DC; IV. v, VI, an pd·
dJdonal 30 mIn, 30 min, nnd 7 hr pi 72 DC, rcspccth'cly
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which hud un avcmgc rnoh:culur weight of 710 (vapor pressure
osmorndry in carbon tetrachloride), was distillt:d from the
whole asphalt and represenled 6.4 % of the charge. Thirty
per cent of the molecular distillation fruction appeared as
lIsphnltic resins. Hcxuml:thyldisilazunc, HMOS, [bis(lri­
mClhylsilyl)aminel used in the silylation reactions was from
Pierce Chemicnl Co. The cnrban tetrachloride (CCI.) ;.Ind
melhylene chloride (CH,CI,) were llaker and Adamson
ACS reagent grade. Tclrahydrofuran (THF) was from Enst­
mun Chemieul Co. nnd was Slubilized with 0.025 % butylated
hydroKytolucne. The small amount of stabilizcr caused no
significunt interference in the infrared spectra. For usc as a
spl:ctral solvent, TI-IF must I.>t: free of hydroperoKides which,
if present, spontllneously decompose at the slightly clevuted
temperatures in the infrared cell and give rise to spurious
carbonyl absorption bnnds. CyclohcKanccurboxylic acid
wos Eastmun Pructicul grade, und 2-quinolone wus Enstman
white lubd; each wus of better than 95 % purity. Materiuls
used to determine the carbonyl fn:quencil.'s of the infrared
spcctru of the model compounds Were obtained from lub­
orutory supply houses nnd were of unknown purity.

Infrared Spectra. Infrared spectrn Wl.'rc obtained on a
Perkin-Elmer Model 521 infmred spectrophotomeler. Solu­
tions from the silylation e.:xpcriments wae examined directly
wilhout solvent remov111 in 1.06<m (NH und 01-1 region)
und O.I<m (curbonyl region) cells equipped wilh pOI;\Ssium
bromide windows. The.: spectrum of excess H MDS was
nulled by 11 CCI. solution of the reagent in a variable path­
length cell placed in Ihe rcferl.'nce beam. Scale expansion
(5X) wus used when: neccssury is observing weak absorption
bands. Solution concentrutions used" nrc noted on the
rcspl"Ctive figures showing' the.: spectra. Conditions under
which the spectra of the ·model carbonyl compounds and the
molecular distillation fraction were obtained arc noted in
the corresponding table nnd figures,

Silylation Reaction. Asphalt or. asphaltic resins '(0.1
g/15 ml) or a mixture of 2-quinolone and cyclohexane­
carboxylic llrid (5 mg and 20 mg, respectively, per 100 ml)
was dissolved in CCI.. To 15 ml of the above solution was
added 0.15 ml of HMDS, llnd the mixture was ullowed to
stand at room temperature, wormed, or renuxcd as described
later. Samples (cooled when nl'Ccssury) were trunsferred
from the reaction "ask directly to the infrared cell for de­
termination of the inrrared spectra.

RESULTS AND OISCUSSION

The 1655 cm~1 infrared absorption band is weak in most
asphalts and occasionally missing or barel), discernible in
others. Consistent with Stewart's observation (ri). we found
that the types of compounds in Hsphalt which (Ib~orb in this
region are conccntrll1ed in the asphaltic resins. The 1655
cm- I absorbing material can also be concentrated from a
mole.:cular distillation fraction of ilsphalt by elution from a
silica gcl column (5) with benzene-methanol (I: I) following
prior elution of the column with benzene. The sil)'lation
studies reported in this paper were conducted on asphaltic
resins separatcd on fuller's earth; however, confirming experi­
ments were run on asphnltic resins from silic3 gel and on
several whole asphalts, including the asphalt from which the
asphalLic resins were derived.

£\'idcncc for 2.QuinoJonc in Asphalt. Several preliminary
chemical tests were run on a 5.:1mple of asphaltic resins to
classify the functional group type giving rise to the 1655
cm- I band. The band wus not affected by attempted hy­
drolysis with eilher 10% sodium hydroxide or 10% hydro­
chloric acid. No reduction occurred using zinc and 1O~~

sodium hydroxide. but reaction with lithium aluminum
hydride removed the 1655 cnrl band. These tests indicHtc
lhal the 1655 cm-' band results from a carbonyl functional
group \\.'hich is resistant to hydrolysis and to all but vigorous
reduction conditions. 2-Quinolones exhibit chemical prop­
erties similar to those indic31ed by the classification tests and,
further, show strong carbonyl absorption bands in the 1655
cm- I rl.'gion.

On the assumption that the compound type, of which
2-quinolone is typical, might be responsiblc for the 1655 cm- I

band in asphalts, the compound 2-quinolonc \\'as chosen as a
model compound for study in this work. 2-Quinolonc rather
than 2-pyridone, which has similar properties, was chosen as a
model compound because it is likely that 2-quinolones would
predominate ovcr the lower molecular weight 2-pyridones in a
high-molecular-weight pelroleum rcsidue like aspholl. Cope­
lin's (7) identification of 2-quinolones in heavy gas oil supports
this assumption. Infrared spectra of the functional groups
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(14) N. Kulevsky and W. Reincke, J. PII)'s. ell,m., 72, 3339 ((968).
(15) L. Birkover, A. Riner, und H. Kuhlthau, Cltem. Der., 97, 934

((964).
(16) S. M. Dorrence and J. C. Petersen, ANAL. CUE""., 41, 1240

((969).

and thermodynamic data of 2-pyridone (14) and 2-quinolone
(10) are quile similar, and conclusions based on the chemical
reacLivilY and interactions of one should apply genel1lUy to the
other.

Further evidence suggesting that the 1655 em-' band in
asphalt might result from 2-quinolones was obtained by com­
paring the spectra of pure 2-quinolone with the spectra of
asphaltic resins in the NH-stretching region. The free NH
blind of 2-quinolone appears at 340g em-' in CCI, SoluLion but
is weak even in highly dilute solutions, and its intensity is
concentration dependent because of strong intermolecular
hydrogen bonding (/0). Asphaltic resin also shows a weak
band at "hout 34JO cm- t which is also concentration depen­
dent, indicating a hydrogen capable of hydrogen bonding.

With indirect evidence suggesting 2-quinoloncs and because
of the ncar impossibility of isolating pure compounds from
asphalt, specific reactions were sought by which this compound
type could be confirmed in the presence of the many other
funeLional types present. 2-Quinolone (A) was found to
rcact with silylating reagents such as hexamethyldisilazane
(HMOS) through it; hydroxy taulomer to yield a silyl ether (B)
as follows:

A similar reaction with 2·pyridone has been reported (/5).
The reaction is easily followed by infrared spectrometry
because bOLh Ihe NH and carbonyl absorptions disappear
simultaneously upon silylation.

Results of the application of the silylation reaclion to the
asphaltic resin fraclion from a Wilmington (Calif.) asphalt
molecular distillation fraction arc shown in the series of spec­
Lra reproduced in Figure J. Spectrum I of Figure I shows the
absorption bands of interest in the unreacted resins. Bands
previously assigned arc the free phenolic OH (/) at 3610 cm-'
(a), the free carboxylic acid OH (16) at 3540 cm'" (b), the
free pyrrolic-type NH (/) al 3480 cm' , (c), the carbonyl group
(6) at about 1700 cm-' (e), and Lhe so·called aromatic band (6)
at about 1600 cm-' (g). Band d·2 is a 5X expansion of band
d-I and is a doublet WiLh frequencies at about 3410 and 3422
cm-'. Band / is the 1655 cm-' band discussed previously.
Upon addition of HMOS 10 the asphaltic resin solution
(specLrum II), band b rapidly decreased accompanied by a
significant increase in band d-2. Also noted was an apparent
increase in frequencies of bands e andland an increase in the
valley between bands / and g. After 18 hour at 46°C
(specLrum 110, band b nearly disappeared, band a decreased
considerably, and bands d-2 and/began to decrease. Speclra
IV, V, and VI show that with the increasing temperature and
reaction times indicated in the figure, bands d-2 and f de­
creased simultaneously, leaving only a small band at fwhich
was resistant 10 further change after Ihe disappearance of band
d-2.
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Figure 2. Infmred spectra of cl'clohexaoccarboxylic
acid (I), 2-quinnlone (II), and their mixture (Ill)

I, 20.0 mg/too ml; II, 5.0 me/tOO ml; III, 20.0 mg I and
5.0 mg II in 100 mli all solutions in eel.. 3600-3400
cm-1 region in 1.06-cm cell, 1800-1600 cm-1 region in
O.IO-cm cell, soh'ent compensation

These silylation results arc interpreted as follows: upon
addition of HMOS to the asphaltic resins, the carboxylie acids
arc rapidly silylated at room temperaLure, yielding the silyl
eSLer of the acid. This results in the disappenranee of the free
acid OH band (b) and the formation of a silyl ester cnrbonyl
band which has a slightly higher frequency than the bonded
aeid carbonyl. The formaL ion of the silyl esler carbonyl band
causes the apparent increase in frequency of the 1700 cm- 1

band (c). Silylalion of the phenols results in a decrease in the
free phenolic OH band (a). The disappearance of Ihe phe­
nolic and carboxylic acid OH bands in asphalL upon silylation
has previously been reported by Lhis laboratory (/6). Silyla­
tion of the carboxylic acids also causes the increase in the free
NH band (d·2) atlribuLed Lo 2-quinolones through liberation of
the 2-quinolones which previously were strongly associated
with the carboxylic acids. The increase in the valley between
bands f and g and the increased frequency of band f result
from loss of the quinolone carbonyl involved in the association
complex between the 2-quinolones and carboxylic acids and
the corresponding production of quinolone carbonyl which
absorbs at a higher frequency. Finally, the 2·quinolones
silylaLe with the simultaneous disappearance of their NH (d-2)
and carbonyl (j) bands. Note that the band aL 3410 cm-'
silylatcs at a faster rate than the one at 3422 em-I, suggesting
the presence of at least two structurally different compounds
capable of lautomerism. Based on the nearly complete dis­
appearance of bands in the 1655 cm- I region, it is concluded
that most 2-quinolones prescnt are N·unsubstituted. This is
consistent wiLh the work of Copelin (7), who coneluded that
over 75 % of the 2-quinolones in a gas-oil fraction from a
Wilmington crude were N·unsubstitutcd.

The interpretation presented above was tested using the
model compounds 2-quinolone and cyelohexanecarboxylic
acid, the infrared spectra of which arc shown in Figure 2.
SpecLra I and II arc those of the acid and quinolone and show
the free OH (a) and NH (b) bands, the free carbonyl bands
(c and c), and the bonded carbonyl bands (d and j), respec­
tively. The spectrum of a mixture of 2-quinolone and cyelo­
hexanecarboxylic acid at the same initial concentration
(spectrum III) shows decreases in the free NH and OH bands
and complex ehanges in the carbonyl region in which bands
atlributed to the individual species decrease and additional

HN[Si(CH,),],/
~
~N~O-Si(CHJ)J

B

~
~NA.O

I
H

A
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bands appear. The complexilY of the carbonyl region of Ihe
mixture has been shown (10) 10 result from the following equi­
libria:

Not only do the acid and 2-quinolone strongly self-associate,
but they also associate strongl), with each other to form a
mixed dimer. As a result. the carbonyl region of the spectra is
composed of six iDdividual earbonyl bands, some of which are
Dot readily observable because of band overlap. These bands
are the free aDd bonded (dimer) acid bands at I752 cm-' and
1706 em-', the free and bonded (dimer) quinolone bands at

1680 cm-' and 1664 cm-', and the bonded acid and bonded
quinolone bands of the mixed dimer at 1689 cm-' and 1651
cm-'. respectively (10).

Changes in the absorption bands on silylation of a model
quinolone-acid mixture arc shown in Figure 3. Similar to the
acids in the resins, the free acid OH of cyclohcxanecarboxylic
acid silylated rapidly (band (I), forming the silyl ester (compare
with Figure I). The formation of the esler carbonyl band at
1712 cm-' and the simultaneous loss of the bonded acid
carbonyl band d appear as an apparent increase in the fre­
quency of the bonded acid carbonyl band (spectra I through
IV). As expecled, silylation also resuhed in the loss of Ihe
free acid carbonyl band c. Silylation of the carhoxylic acid
caused an increase in the concentration of free and dimer
2-quinolonc as evidenced by an increase in the absorbances of
the free NH (b) and bonded carbonyl (underJ) bands. Loss of
the bonded acid and 2-quinolonc carbanyls involved in the
mixed dimer is evidcnccd by changes in the area of band e and
loss of the shoulder on the low frequency side of band f.
respectively. Reftuxing the mixture (curve VI) finally caused
the 2-quinolone NH (b) and carbonyl U) bands 10 disappear.
A mixture of 2-pyridonc and cyclahcxanec<lrbaxylic acid was
found to silylatc in a similar manner.

In addilion ta the evidence already presented for the pres­
ence of 2-quinoloncs in asphalt, their pn:~cncc in asphnlt was
also indicuted by high-resolution mass spl.:ctrometry. Parent
peaks characteristic of the unsubstitulcd 2-quinolonc and of
substituted 2-quinolones were observed in the asphaltic resin
fraction. Moreover, the P - 28 ions were also observed.
These ions result from thc loss of carbon monoxide from lhe
parent ions as previously described (/7). This fragmcntalion
is characteristic ofthl' conjugalcd lacwrn structun:.

Sohcnt Effccts on Molccular InteracHons. Because 2­
quinolones, carboxylic acids, and possibly other carbonyl­
containing molecules in asphalt associate strongly in l1t.:at
samples and in Cel, solutions. their characterization by
infrared spectrometry without supplementary chemical
evidence is diOicult. The infrared spectra arc further com­
plicated by the variety of carbonyl types presenl. thus produc­
ing broad carbonyl absorptions composed of man}' overlap­
ping bands. Figure 4 shows the ability of associating solvents
to reduce the complexily of the carbonyl absorption bands of
2-quinolol1l: and cyclohcxant.:Ctuboxylic acid. Both the acid
(I) and quinolone (11) are in equilibrium with their cyclic
dimers in CH2CI:! as evidenced by two carbonyl absorptions for
each compound. The lower frequency in each case is assigned
to the bonded carbonyl ofthedimer and Ihe higher frequency to
free carbonyl of the monomer. Although these compounds
associate in CHtCh. the tendency to form a cyclic dimer is
much less in CH,cI, Ihan in CCI,. This can be Seen by com­
paring spectra I, II, and III in Figure 4 with those in Figure 2.
The ability of CH,cI, to reduce the association of carboxylic
acids has previously been noted (4). Melhylene chloride has
also been shown to reduce intramolccull!r hydrogen bonds in
certain amides (18). The abililY of CH,c), to reduce associa­
tion in hydrogen-bonded complexes probably results from the
interaction of its electron deficient hydrogens with the hydro­
gen-bonding bases, thus competing with the bonding hydro­
gens in the complex. The tendency of halogenated hydro­
carbons such as CH,cI, (18). chloroform (18-20). and even

(17) J. Moller and O. Uuchardt. Acla Clwm. Scaml.. 21, 1668
(1967).

(18) W. Barbieri and L. Bernardi. Tetrahedron. 2J. 1.J53 (965).
(9) F. Takahashi and C. L. Norman. J. PhY5. C/u·m.. 69, :N50

(1965).
(20) II. Suhr, J. Mol. StrlKt.. I, 295(1968).
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Figure 3. Infrared spectra during sil}'lotion of a
mixture of 2-qulnolonc Dnd cyclohcxanccarboxylic
acid
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Figure 4. Infrared spectra of cyclohexanecarboxylic
acid and 2-quinolone in methylene chloride and
tetrah)'drofuran

Cun'cs I, II, and III, cyclohcxanecarboxyUc acid, 2­
quinolonc, and their mixture, respectivel)', in CCI 4 ;

Cun'cs IV and V, mixture or cyclohexanecarboxylic acid
and 2-quinolonc at two concentrations in THF; all
spectra arc dilulC solutions in O.tO-cm cells, concentrations
unknown
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Figure 5. Infrared spectra of
molecular distillation fraction from
Wilmington asphalt in carbon
tetrachloride (I), methylene chlor­
Ide (II), and tetrahydrofuran (1m
0.1 g/lO ml in O.OS-cm cell, solvent
compensatcd

CCI, (21), to form associalion complexes with electron donors
has been reported. In spite of the reduced association of
2-quinolone and carboxylic acids in CH,cI, when compared
with CCf 4 , the spectrum of the mixture is still complex and
overlapped (Figure 4, Ill) and is composed of the six bands
representing the free and bonded carbonyls of the pure com­
pounds plus the bonded carbonyls of the mixed dimer similar
to those described for the mixture in CCI, solution.

Electron donating solvents such as letrahydrofuran (THF)
have been reported to form I: I complexes with electron
acceptors (22) and to break up molecular associations between
the ketone oxygen and the magnesium in chlorophyll-like
materials (23). The ability ofTHF to reduce molecular asso­
ciation and lhus simplify the carbonyl absorption region in the
2-quinolone-cyclohexanecarboxyJic acid mixture is shown in
spectra IV and V, Figure 4, in which the speclra at two differ­
ent concentrations in THF arc reproduced. Instead of six
carbonyl bands, only two arc present. THF complelely
prevented the association of the acid or quinolone, as either
dimer or mixed dimer; and only tho free carbonyl bands al
1728 cm-' for cyclohexanecarboxylic acid and 1678 cm- I for
2-quinolone are apparent. This probably results from the
strong association of the oxygen of the THF molecule wilh the
bonding hydrogens in the acid and quinolone, thus Iiberaling
the carbonyl groups. Any possible equilibrium loward dimer
formation is overwhelmed by the preponderance of solvent
molcculL-s.

The abilily of CH,c!, and THF to break up Ihe molecular
association of carbonyl groups in the molecular distillation

(2l) H. Wolff and R Wuenz, Ber. Billtseuges Pllys. elii'm., n,
lOt (1968).

(22) M. A. Slifkin, S{X'ctrocilim. Acta, 25A, 1037 (1969).
(23) L. J. Boucher and J. Katz, J. Amer. ellem. Soc., 89, 4703

(1967).

fraclion from Wilmington asphalt is shown in Figure 5.
Spectrum I is a reference trace in CCI,. Nole the broad
carbonyl band at about 1700 cm-' and the weak shoulder in
the 1665 cm- I region. The spectrum in CH,CI, (II) shows in­
creased resolulion of Ihe 1700 cm-' band with a slight solvent
shift 10 a lower frequency and an increased resolution of the
1655 cm- I region. There is a weak shoulder al about 1720
cm-' which probably results from Ihe free carbonyl of car­
boxylic acids. Finally, spectrum III shows Ihe absorption
bands of the fraction in THF. A strong fre.. carboxylic acid
carbonyl band (a) is now apparent. Band b is probably
caused by ketones plus possibly some associated acids, and
band c is well resolved and probably results primarily from
2-quinolones.

The electron donating ability of THF is further demon­
strated by ils ability 10 completely associate wilh the electron
deficient or acidic phenolic OH and pyrrolic NH groups in
asphalt. The free phenolic OH and pyrrolic NH bands,
normally observed at 3610 cm-' and 3480 cm-' in CCI, (/),
are not observed in THF solUI ions. These groups both show
a broad absorplion band of Ihe association complex in THF
wilh a band maximum of about 33OOcm-'. The model com­
pounds phenol and indole both give association bands in THF
at the same frequency (3300 cm-'). These results further .
confirm the previous assignmenl in asphalts (/) of the
phenolic OH and pyrrolic NH bands al 3610 and 3480 cm-',
respectively.

Associaling solvents such as CH,CI, and THF can be most
useful in the resolulion of the carbonyl band; however the
asphalt componenls must be soluble in the THF or CH,cI,
solvent for dissociation of the asphalt molecules to occur.
Meaningful resolulion of Ihe carbonyl band is complicated by
the presence of an increasing number of carbonyl types with
differing absorption frequencies. Therefore, the use of asso­
ciating solvents to simplify the carbonyl region will be less suc-
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Table I. Carbonyl Stretching Frequencies
of Selected Oasses of Carbonyl-Containing Compounds

Frequenc)',- cm- l

Reccived for review February 15, 1971. Accepted May 3,
1971. Presented at the Division of P~troleum Chemistry,
16Ist National Meeting, American Chemical Society, Los
Angeles, Calif., March 1971. The work upon which this
report is based was done under a cooperative agreement
between the Bureau of Mines, U. S. Department of Interior,
and the Univer>ity of Wyoming. Mention of specific brand
names or models of equipment is made for information
purposes only and docs nol imply endor>ement by the Bureau
of Mines.

carboDYIs. The reasoD for the multiple carbonyl peaks of
oxiodole is unknown.

Carbonyl solvent shifts OD going from CH,CI, to THF are
also shown in Table I. With self-associated species, shifls of
the froc carboDyl are reported. All classes of carbonyls
iDvestigated shifted 10 a higher frequeDcy on going from CH r

CI, to THF except the carboxylic acids froc C=O bond which
showed a decrease in frequency. This behavior can be useful
iD distinguishing between carboxylic acids and ketones formed
in asphalt components on oxidative aging. Care must be
takcn, however, to distinguish between the bonded and frce
carbonyl bands in CH,CI,. This decrease in frequency of froc
acid carbonyl in THF probably resulls from the inductive
effect of the slrong hydrogen bond formed between the THF
and the acid OH group.

Significance of l\1olecular Interactions in Asphalt. It is
tempting to speculate on the significance of the interactions of
2-quinolones and carboxylic acids on the physical properties
of asphalts. Upon examination of the 1655 cm- I absorplion
band in several asphalls, and based on molar absorplivilies for
2-quinolone (10), it is estimated that the concentration of
2..quinolones in some nsphalls may approach 0.5 weighl per
cent. Carboxylic acids initially present and formed on oxida­
tion by oxidative weathering may exceed this value several fold
based on acid numbers determined in our laboratory. Ther­
modynamic studies of model compounds (10) have shown thai
lhe equilibrium constanls (I mol at 22 ·C in CCI,) for the self·
associations of 2-quinolonc and cyclohcxanccarboxylic acid
and for the association of quinolonc and acid to form the
mixed dimer arc 3.34 X 10" 3.84 X 10', and 2.52 X 10', re·
spectively; hydrogen·bond slrenglhs (<lH'. kealjmol dimer)
for the respective dimers arc -8.69, - I 1.1, and -10.3.
These data show a high degree of association and the formi­
tion of strong hydrogen bonds. 2-Quinolonf..'S and carboxylic
acids in asphalt would be cxpecled to behave similarly. This
is evidenced by the inrrared spectra of ncat asphalt samples
which show the 2·quinolones and carboxylic acids to be highly
associated. These and other molecular interactions, there­
fore, must play an important part in determining the rheo­
logical or flow properties of asphalt, both initially and as they
change during oxidative weathering.

+4
+4
+4
+4
+6
+4

+10
+10
+9
+6
+6

-8
-12
-9

-II

+8
+4

+13
+14
+2

1734
1728
1721
1731

1732
1740
1760
1725
1736

1710
1687
1686
1662
1666
1717

1690
1683
1680
1679
1732

Frequency
shift from

CH,c1,
in CH,c1, in THF to THF

1707 (1742)'
1703 (1740)
1692 (1730)
1706 (1742)

1722
1730
1751
1719
1730

1706
1683
1682
1658
1660
1713

Compound

Acids
Stearic acid
Cyclohexanecarboxylic acid
Benzoic acid
Cholanic acid

Esters
C)'c)ohexyl acelale
Methyl stcurolc
Phenyl stenrntc
Mcth)'1 bcnwnlc
Coumarin

Ketones
C)'c1ohcxanonc
Acetophenone
Luurophcnonc
Bcnzophcnonc
Anthrone
F1uoreno"c

Amides
I.Naphthylaeelamide
Bcnznmidc
,,·MClhyl·2·phcnylacclBmidc
N.N-Dipht:nylacelomidc
Oxindole

1682
1679
1667
1665
1730 (1710)

(1753)
6-Melhyl-4-quinolone 1641 1646 +5
2.Quinolone 1673 (1660) 1678 +5
2·Pyridone 1672 (1654) 1678 +6

• Spectra arc of dilute solutions contained in n O.OS·cm cell
using solvent compcnSlltion in the reference beam.

• Frequencies in parentheses are those of bands of minor in­
tensity. For the acids, this is the free eurbonyl band; for 2-quino­
lone, Ihe associated carbonyl band; ulld for oxindolc, type un­
known.

cessful wilh whole asphalls Ihan wilh asphalt fractions that arc
more homogeneous.

To support the interprctation of this work and to provide
rcference frequencies for future studies of the carbonyl region
in asphall, the infrared speclra of several classes ofcompounds
containing the carbonyl group were obtained in CH,cI, and
THE Resulls are shown in Table I. Speclra were obtained
in dilule solutions using a 0.05-<:m cell and compensating
with solvent in the rer~ce beam. In some instances two or
more carbonyl bands were observed, and the weakcr bands
arc reported in parentheses. The higher frequencies of the
acids and 2..quinolone in CH,c1, resull from the free car·
bonyls; the lower frequencies resull from the bonded
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Figure 2. (C) Carbonyl sulfide (impurities carbon dioxide

and carbon disulfide)
(D) Gas mixture No. 4 used as standard for

quantitative analysis

Table I. Absorption Bands for
Constituents in Flue and Producer Gases

Gaseous
com- Wavelength, Frequency,

pound Band vibration- p em-I

SO, C 4.05 (w) 2.470 (w)

AS 7.25 (s) 1,380 (s)

AS (Not resolved)
AS 7.45 (s) 1.340 (s)

55 8.60(m) 1.160(m)
55 8.85 (m) 1.130(m)

CH, AS (CH,) 3.30 (m) 3.030 (m)
AS (CH,) 3.4O(m) 2.940 (m)
S8(CH,) 7.35 (s) 1.360 (s)
S8(CH,) 7.SO (s) 1.330 (s)

CO, 2.60(w) 3.850 (w)
2.70(w) 3,700 (w)

AS 4.30 (s) 2,320 (s)

CO S 4.60 (s) 2,170 (s)

S 4.70 (s) 2.130 (s)

COS C 3.50(m) 2,860 (m)
AS (C=O) 4.95 (s) 2.020 (s)
AS (S=C=O) 9.80(m) I,020(m)
SS(S=C=O) 12.00 (s) 830 (s)

cs, 4.60(w) 2,170 (w)

AS 6.55 (s) 1.530 (s)

• C, combination; AS. asymmclric stretching: SS, symmetric
stretching; SO, symmetric bending; S, stretching.

8

CO

COS

CO

10 12 14

J
--A\

(A)

~ ~ ~

"-'
CO2 S02 (8)

C02"-.!

6 8 10 12 14

8 10 12 14

MICRONS

Figure I. (A) Sulfur dioxide (impurity carbon dioxide)
(B) Gas' mixture No. 1 used as standard for

quantitathc analysis

MICRONS

Figure 3. Reaction ofSO, with CO ill the presence of catalyst:
(El inlet gas stream, (f) outlet gas stream

intensities are designated as slrong (s), medium (m). or weak
(w). Included in the list. is carbon disulfide, a common im­
purity of carbonyl sulfide. Spectra were made for oxides of
nitrogen and several other gases. but none were found in the
gases that were monilored.

Figures 1 (B) and 2 (D) show traces for two gas mixtures
thal were used as standards for quantitative analysis and con­
verted into calibration charts. Charts were made for all
gases of interest. A linear relationship usually existed over a
small runge, e.N., four gas mixtures containing concentrations
of sulfur dioxide from'" 300 ppm up to ",4000 ppm showed a
straight line relationship for sulfur dioxide's most intense

bands at 7.25 and 7.45 microns. The relationship above this
concentration was not dctermim:d for sulfur dioxide. Ac­
curacy of the infrared analyzer for sulfur dioxide was deter­
mined by comparing with analyses of a flue gas mixture of
unknown sulfur dioxide concentration by gas chromatograph
and mass spectrometer. Results of these analyses were as
follows: gas chromatograph, 2500 ppm; mass spectrometer,
2300 ppm; infrared analyzer, 2580 ppm.

Application of l\1cthod. Infrared monitoring was con·
dueled of the inlet and oUllet gas streams in three different
research investigations of sulfur dioxide removal from flue
gas by chemical reaction or absorption. Spectra of gases
in these three studies are shown in Figures 3-5, with com·
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Analysis of Deuteriobenzonitriles by Carbon·13
Nuclear Magnetic Resonance Spectrometry

G. L. Lebel, J. D. Laposa, n. G. Sayer, and R. A. nell

Deparlment of Cltemislry. McMaster Unicersi,)', Hamil/on, Ontario, Canada

IN CONNECTION Wilh a study of the positional variation of the
contribution of C-H out-of.plane bending modes 10 the radia­
tionlcss deactivation processes from the triplet state of bcnzo­
nitrile, we required n number of deuterium substituted benzo­
nitriles. The characterization of the specific isomers by
infrared spectrometry is complex (I) and suffers from the
serious liabililY of being unable to adequately delermine lhe
presence of isomeric impurities. Likewise proton magnetic
resonance spectrometry. although in principle adequale to
characterize the pure isomers, is tedious and time consuming
and requires the computer simulation of a four spin system
where the nuclei have very similar chemical shifts. (The total
chemical shift range of lhi: prolons of benzonitrile at 100 MHz
is only 30 Hz.) In uddition, the presence of isomeric impuri·
ties is very diOicult to delect. On the contrary, the analysis of
the proton dccouplcd lac magnetic resonance spectrum of
benzonilrile, as described bclow, is straightforward and simple,
and yields both qualitative und quantitative information
about the isotopic composilion of the required compounds.

EXPERIMENTAL

Preparation. The monodculcriobcnzonitrilcs were pre­
pared by reductive removul or bromine from the correspond­
ing bromobenzonitrile (supplied by Aldrich Chemical Co.)
with zinc in the presence of acctic anhydride and deuterium
oxide (I). The derivatives were all obtained in close to 100%
isotopic purity and wilh less than 5 % of rearrunged isomers.
Commercial benzonitrile (Aldrich Chemical Co.) was vacuum
distilled, prior to use. Perdeuteriobenzonilrile was used as
received from Merck, Sharp und Dohme of Canada; its
isotopic purity was better than 99%.

Apparatus. Spectru were recorded with u Vurian Asso­
cintes HA-IOO spectrometer operating nt 23.5 kG and 25.1
MHz. T\1e operating probe temPerature was +55 0c.
Field/frequency stabilization was achieved by use of un ex­
ternal (1.5-mm cupillary) "CH,I lock, and chemical shift
measurements were made initially relative to internal benzene
and thence relative to inlernal tetramethylsilane. Samples
of 0.2-0.3 ml of the neat benzonitriles were used in a 5-mm
o.d. sample tulie, and normally u signaluccumulation of 9 to
16 scans with a Vurian Associales C-1024 time averuging
device was suOicicnl to give an adequate signal.to.noisc
enhancement. As a. typical example, for benzonitrile itself
a signal accumulation of 9 scans gave a signal to noise fatio
of 34: I for the single paru curbon and u Iinewidth ut one­
half peak height of 1.2 Hz. Proton decoupling was carried
out using a Varian Associat."s V-3512-1 noi.se decoupler.

RESULTS AND DISCUSSION

In the prolon decoupled "C magnetic resonance spectrum
of benzonitrile (2), all six ring carbon atoms are significantly
different in chemical shift (see Table I), with the ortho carbons
separated from the para carbon by 0.7 ppm and from the
meta carbons by 2.9 ppm. Such chemical shift differences

(I) B. Bak and J. T. Nielsen. Z. Eltktrochtm., 64, 560 (1960).
(2) F. W. Wehrli, J. W. de Haan, A. J. M. Keulemans, O. Exner,

and W. Simon, Ht/a. Chim. ACla, 52, 103 (1969).

Table I. ''C Chemical Shifts of
Benzonitrile and Deuterated Derivatives

Carbon. ppmo "

onho me'a para

C,H,CN 134.45 131.55 135.20
o-DC,H,CN 133.20 131.50 135.00

134.20 131.60
t35.20
134.45'

m·DC.HtCN 134.30 130.25 135.10
134.45 131.25

132.25
131.55'

p-DC,H,CN 134.45 131.45 133.65
134.70
135.65

C,D.CN 133.05 130.05 133.70
134.05 131.05 134.70
135.10 132.05 135.65

a Carbon.) and the nitrile carbon absorbed at 114.65 and 120.95
ppm, respectively.

.. All shifts nfC negative (downficld) relative to internal tetra­
methylsilone (TMS) and are accurate to ±O.OS ppm.

t Unsubstituted carbon.

make the analysis of deuteriobenzonitriles an exceedingly
simple task; as a typical case the spectrum of o·D·benzo­
nitrile is shown in Figure I. The carbon bearing the deute­
rium is split into a triplet by coupling with the deuterium nu­
cleus [J"c.o - 25.0 Hz (3»), and from the chemical shift of
134.2 ppm of the center line of the triplet it is obvious us to
which carbon the deuterium is bound. The signal intensities
in proton decouplcd 1ac spectra are normally altered because
of the intramolecular nuclear Overhauser effect (4). However
in the present case the ortho, meta, and para carbons will all
show the same Overhauser enhancements for a given experi­
ment since each carbon is directly bonded to a single proton,
and the dipolar rclaxation effect of this proton will completely
outweigh the relaxation effects of the more distance protons on
adjacent carbon atoms because of the l/r' dependence (5, 6).
Unequivocal experimental evidence for this has been found in
intensity measurements performed on a series of polynuclear
aromatic hydrocarbons (7) where aU carbon atoms bearing
one hydrogen showed identical areas irrespective of their
position in the molecule. Thus, for the specific example of
o-D-benzonitrile, the observed signal intensity of the meta
carbons at 131.5-131.6 ppm can be used to obtain a standard
area for a single carbon and this can then be compared with
the observed area of the undeuterated ortho carbon at 134.45

(3) F. J. Wiegen and J. D. Robens, J. Amtr. Chtm. Sac., 89, 2967
(1967).

(4) E. G. Paul and D. M. Gran', ibid., 86, 2977 (1964).
(5) K. F. Kuhlmann and D. M. Grant, ibid., 90, 7355 (1968).
(6) R. A. Bell and J. K. Saunders, Can. J. Chtm., 48, 1114 (1970).
(7) A. J. Jones, D. M. Grant, and K. F. Kuhlmann, J. Amtr.

Chtm. Sac., 91, 5013 (1969).
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Figure 1. lie spectrum of orIIJO.monodcutcriobcnzonitrilc; 25 scans

The hm high field IJC-D lines have n 1/" peak height linewidth of 1.0 Hz and 8 signal
to noise ratio of 12 : 1. The meta carbon. elf is moved upfield b)' a second order
isotope shift (9)

ppm. Any increase over the standard area can therefore be
attributed to proton conUlmination of the deuterium-bearing
carbon. The presence of deuterium on other carbons could
be ascertained by a careful search for the triplets in their char­
acteristic positions. In practice a limit of 5 % isomeric im­
purilY could be detected by lhis melhod although in theory
smaller quantities of other deuteratcd isomers should be
detectable by increasing the number of time averaging scans.

The isolope shift of 0.2-0.5 ppm to higher field in the ''C
chemical shift induced by the directly bonded deulerium is
normal (8). More interesting arc the second atom isotope

shiflS of 0.15 ppm induced by the deuterium substituent
This elTecl is the origin of the apparent "splitting" of the meta
carbons in o-D-benzonitrile in Figure 1 and while the effect has
been observed for other nuclei (9), the magnitude of the shifts
caused by the deuterium is larger than that of the shifts caused
by substitulion of the isolapes ofother elements (10).

RECEtVED for review February 1, 1971. Accepted May 25,
1971.

(8) G. E. Maciel. P. D. Ellis, and D. C. Hofer, J. Plt)'s. Chelll .. 71,
2160 (1967).

(9) H. Batil~Hernandez nnd R. A. Bernheim, Prog,.. Nucl. Mag".
Resolta"rt' SpeclTosc., 3. 63 (1961).

(10) J. Bacon ond R. J. Gillespie, J. ell'm. Pllys.,:l8, 781 (1963).

Differential Reduction and Atomic Absorption
Determination of Selenium
Wladislaw Reichel

Canadian Copper Reji"ers Limited, Montreal EllSt, QUl'bec, Canada

THIS TECHNIQUE was developed as a result of the inaccuracy
of gravimetric determination of selenium in high purity mate~

rial (I), and the success of the alomic absorption technique
for the determination of selenium in selenium~bearing metal·
lurgical by-products.

Many volumetric procedures for the determination of
selenium require the absence of interfering elements and small
sample weight To overcome the last difficully, Barabas and
Bennett (2) separated approximately 97 % of the selenium

under controlled conditions from a relatively large sample,
and potentiometrically titrated the remaining selenium. In­
tended for the analysis of pure selenium, their procedure was
seriously affected by interference from impurities when ap­
plied to lower grade materials.

Suseela (3) has shown that selenium(1V) reacts stoichio­
metrically with hydrazine sulfate. The reduction of selenium
by hydrazine sulfate is nonspecific. Among other elements,
As(V) and Fe(IlI) arc preferentially reduced to lower oxida­
tion states if hydrazine sulfate is deficient with respect to

(I) S. Barabas and W. C. Cooper, ANAL. CUEM.. 28, 129 (1956).
(2) S. Barabas and P. W. Bennett. ibid., 35, 135 (1963). (3) B. Susccla, Z. Allal. ell.m., 147, 13 (1955).
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selenium content. Hence, in the present study it was essential
to separate selenium quantitatively from these interfering
elements prior to differential precipitation.

RESULTS AND DISCUSSION

Sample Weight. An advantage of the differential technique
is the use of a larger sample. As Ihe quantity of the reductant
must be deficient, it is importanl to know the approximale

EXPERIMEI\'TAL

Apparatus. A filler stick (consisting of a lenglh of glass
tubing, the lower parI of which was packed wilh glass wool
held in place by a conslriclion in the lube) was used 10 remove
thc solution after the first precipitation of selenium by
hydrazine sulfale.

Atomic absorption measurements were made with a Tech·
tron Model AA-IOO unil, equipped wilh a IO-cm slot laminar­
now burner head Type AB-41. Fuel and supporting gas
were acetylene and air at 12 and 15 psi, respectively. The
1960.26 Aselenium resonance line was used for measurement.

Reagents. Reagent grade chemicals were used: sulfuric­
nitric acid mixture, prepared by mixing equal volumes of
watcr, sulfuric, and nitric acids; hydrazinc sulfate; and
selenium of 99.99% purilY.

Procedure. SEPARATION OF SaENIUM FROM INTERFERING

ELE1>WNTS. Weigh accurately into a 4oo-ml beaker a sample
conwining 1.9-2.0 grams of selenium. Add 30 ml of sulfuric­
nitric lIcid mixture to samples of elemenaal selenium or lO·ml
of sulfuric acid and 10 ml of 1: I nilric acid to samples of
selenium salts. Cover and digest unlil complelely dissolved.
Remove the cover partially nnd evaporate the remaining
nitric acid (al not more than 105 'c), Ihat is, unlil the cover
is dry. Cool, dilule with dislilled waler 10 200 ml, and add
3.50 grams of hydrazine sulfale. Cover, increase Ihe lem­
perature slowly, and boil 10 complele the coagulation of Ihe
elemental selenium. Cool to about 60 'c. Aspirale the
Solulion from Ihe beaker through a filler Slick packed with
glass wool. Wash Ihe beaker wall and Ihe selenium residue
four limes wilh 1% vlv sulfuric acid. Leave the filler stick
in the beaker and wilh the cover on, add slowly 20 ml of
nitric acid. Digest on a hOI plale to dissolve the precipitate
complelely. Wash Ihe filler Slick 3 limes with waler, applying
pressure by a rubber bulb at the oullet to remove all the solu­
tion from the glass wool. Add the washings to the beaker,
and remove the filler stick. Add 10 ml of sulfuric acid and
mix well. Uncover partially and evapornte the excess nitric
acid as above. Cool and dilute with dislilled water 10100 mi.

Run three selenium standards, containing exactly 1.9200,
1.9600, and 2.0000 grams of high purily selenium, respectively,
through the enlire procedure.

DIFFERENTtAL PRECIPITATION OF SELENIUM. To the cold
Solulion (now free from interfering clements) add 3.150 grams
of accuralely weighed hydrazine sulfale. Wash the beaker
wall, dilute wilh distilled water to 200 ml, and cover. Boil
10 complele the coagulation of the elemental selenium. Cool
to room tempcrnture. Filter the remaining unreacted sele­
nious acid solution through Whatman No. 541 IiIler paper
int? a 250-ml volumelric nask. Wash the beaker, selenium
reSidue, and filter paper several times with water, collecting
the washings in the volumelric nask. Dilute to the mark with
distilled water.

ATOMIC AUSORPTION DETERMINATION OF SELENIUM. Read
absorbances of selenium standards. Construci a calibralion
curve by plotting absorbances of selenium standards againsl
their original concentration.

Read the sample absorbance 10 establish the correspond­
ing selenium value in grams fro.m the calibration curve.

Se % _ selenium found (g)·x 100 (I)
sample wClght (g)

(I)

selenium concentration for materials of uncertain composi·
tion. Sample must contain at least J.90 grams of selenium.

Purification of Selenium. There are no known specific
reagents for selenium reduction. Selenium must be sep­
arated from interfering clements before the USe of the dif­
ferential reduction technique.

Hydrazine sulfate can lx: used for this initial separation.
An excess of hydrazine sulfate in dilule (5 % vlv) sulfuric acid
reduces selcnium(lV) quantitatively to elemental selenium.
Interfering clements arc reduced to a lower oxidation state,
remain in the solution, and are easily removed by aspiration
through a filter Slick. The purified selenium is redissolved
in the original beaker to avoid losses due to transfer and
filtration. The clements Si, Ag, Sn, Sb, Te, Au, Hg, Pb, and
Oi coprecipitotc with selenium, but with the exception of Ag
and So do not interfere with the differential precipitation.
Spectrographic examination of the purified selenium did nol
show significant amounts of other impurities. Very impure
materials require double purification to remove coprccipitated
and occluded interferents. Four consecutive separations
have been performed on the same synthetic sample without
noticeable loss of selenium. \Vhen the selenium is free from
clements reducible by hydrazine sulfate, the purification may
beomined.

Differential Prccipiln(jon or Selenium. To reduce the
relative error (2-47cJ in atomic absorption concentration
measurement, 95-99.5 % of the selenium present in the
samples was precipitated with a calculated deficiency of
hydmzine sulfatc. In a series of experiments, after purifi­
cation by the described procedure, the amount of selenium
precipitated by the same quantity (3.150 grams) of hydrazine
sulfate was remarkably constant. According to the equa­
tion:

H,SeO, + N,H4. H,SO, - Se + N, + 3H,O + H,SO, (2)

3.150 grams of pure hydrazine sulfale (certified as 99.0%)
precipitates 1.892 grams of selenium. The average weight of
precipitated selenium was 1.893 grams in close agTlocment with
the calculaled value.

Atomic Absorption Determination of Selenium. The dif­
ferential reduction of selenious acid leaves 5 to 100 mg per
250 ml dissolved selenium in solution, together with any
tellurium present in the original sample. Since tellurium
interferes in most volumetric procedures for determination
of selenium (2, 4) and since potentiometric titration covers a
relatively narrow concentration range (I), the selective atomic
absorption technique is more suitable for the determination of
the residual dissolved selenium.

The atomic absorption calibration curve was established by
running three selenium standards throughout the procedure.
The absorbance due to unrcacted selenium was plolled against
the original concentration of the standards.

The calibration curve adhered to Beer's law in the range
studied (0-500 "g Se/ml). Since Ihe lotal selenium in the
sample in grams was read from the calibration curve, any crror
in atomic absorption concentration measurement was de­
creased markedly as il affected onI)' a small porI ion of the
original sample.

Interference. Nitric acid interferes, and must be removed
by the procedure described. Nevertheless, traces of residual
nitric acid do not effect the resullS.

A treatment with melhanoi (2) to destroy the residual traces
of nitric acid did not .improve the precision of the procedure.

(4) I. M. Kolthoff and P. J. Elving. "Treatise on Anal)1ical Chem­
istry," Pan 11. Vol. 7. Inlcrscience Publishers. a division of John
WUey & Sons. New York-London. 1961. p 196.
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For example. to obtain a 1.00·cm~ cOl1l1er filter with a thick­
ness of25.0 mg/cm 2 , at a current of 10.0 rnA (about 0.1 micro­
equivalent/sec) requires

Figure 2. Modified sample holder for
General Electric XRD·5 X·ray spectrom·
cter

A, clip to hold primary beam filters; 0, alum­
inum support

RESUI.TS AND llISCUSSION

One of the advantages of eleclrodeposition as a means of
preparing X-ray fillers is that the thickness of the metal film or
foil can be adjusted to any desired valuc by choosing the
proper current and time of electrolysis. The thickness (7", in
mg/cm') of the deposit is given by

T = M/A = WII/I/FA (I)

where M is the weight of metal deposited in milligrams, A is
the area of the deposit in cm 2, JV is the gram atomic weight of
the metal, 1 is the deposition time in seconds, J is the (constant)
current in milliamperes, n is the number of electrons required
to deposit one metal atom, and F is the faraday (96,500
coulombs/equivalent).

The length of time required to yield the desired thicknt:Ss of
the filter is

(2)

(3)

1= TI/FA/WI

I = 25.0 X 2 X 96,500 X I.~O = 7600 seconds
63.5 X 10,0

The validity of these calculations depends on two factors.
First, the current efficiency (thc fraction of the current which
actually produces the desired ch:ctrolysis reaction) must be
100%. This is true for the m..:tals studied under the condi­
tions given in the Experimental sL'Ction of this paper. as well as
for many other metals, for example, eoball, gold, and silver (8).

Sccond, the deposit must be uniform in thickness, with no
significant variation from one point to another. The thin­
laycr elcctrolysis cell used in this work assures uniformity of
the deposit. To show this, a 1.5 mg/cm 2 electrodcpositcd
copper filler was placed in the sample position in the sl1cctronl­
cter under a mask with a 4-0101 2 opening. Ten-second read­
ings at 28 = 45.0 taken with various portions of the lilter ex­
posed to the X-ray beam gave 12,310 ± 260 counts. This
is a relative standard deviation of ± 2.1 %. compared to the
counting precision of about ±0.9%. The variation in the
filter thickncss is thus at most about ± 1.5 %. (A thick piece
of copper sheet in the same sample holder gave 150,600 counts
in ten sC\:onds. The filter tested for uniformity was thus far
from the critical thickness beyond which any filler would ap­
pcar uniform regardless of how much the thicknl'Ss actually
varied.)

Discussion of the Eleetrodeposition Technique. For thin
deposits (under 50 microcquivalcnts/cm 2), one can dispense

E

~CD

methods for preparation of X-ray filters described in the
literature are pack-rolling metal foils (7), spreading a film of a
dispersion of the powdered filter material in n plastic binder
(7), and pressing the filter material with a binder into a slab (6).

These methods of preparing X-ray filters have several dis­
advantages. Some melals arc brittle and others 3rc difficult to
roll to the desired thickness. The range of compounds which
Cftn be incorporated into films or slabs with binders is greater,
but there still is a problem in obtaining uniform films (7).

This report describes a new method for obtaining X-ray
filters: plating the desired element onto a thin disk of
pyrolytic graphite. The filters prepared by this method arc
reproducible and uniform in thickness nnd slUblc. The
support material is transparent to X-rays, unlike other plaling
materials. The usc of the new filh:rs in X·ray spectrometry is
discussed.

Figure I. Thin layer eleetrolysls cell

A. pyrolytlc graphite cothode; D, phase separation paper mask;
C, f1Iter paper; D, anode of metal being dcposUcd; E, electrolyte

EXPERIMENTAL

Preparation of Plated Filters. Thin sheets of pyrolytic
graphite were cleaved from 2.5 X 2.5-cm blocks. The sheets
were further reduced in thickness by polishing them on fine
snndpapcr. The linal thickness was UbOUl 0.25 mm.

The metal was deposited by thin-layer electrolysis in the
arrangement shown in Figure 1. The electrolysis cell con·
sists of a sheet of filter paper (Schleicher and Sehuell No. 589
mack Lubel) impregnated with electrolyte. Around the
edges of the cathode is 11 piece of phase separation paper
(Schleicher and Schuell No. 2498). This puper has a hole
cut in it in the shape desired for the deposit. Being water
repellent, it provides n sharply defined boundary around thc
dcposit nnd, at the sume timc, prevents any electrolyte from
lcaking out of the cell. The assembly was laid upon a graphite
block serving as contact for the unode and a stainless steel
rod was pressed nguinst the grnphite electrode serving as
elcctrical contact for the cathode.

The electrolytes used were: 100 g/I. CuSO,·411,O and
20 gil. conccntrated 11,50, for copper, and 300 gil. NiSO,.
711,0, 50 gil. NiCI,·611,O, und I gil. boric acid, adjusted
to pl1 4, for nickel. .

The mellli was plated at constant current, using a Sargent
Model IV Coulomctric Current Source. During eleclrolysis
an f.:qual nmollnt of the metnl dissolves from the anode. An
clcctrodeposition rute of 0.1 microcquivalent/cm2/scc was
usually found to be satisfactory.

After deposition was compleled, the graphite sheet W6S

rinsed with deionized wnter nnd tlir dried. The. deposit was
protected from abrasion by coating it with a layer of Krylon
1301 spray (8). This coating material docs not altenuate
the X-ray beam noticeably.

The lilters were tested in a General Electric XRD-5 X-ray
spectrometer. The standard sample holders were modilied,
as shown in Figure 2, to ncc..:pt the graphite-metal. fillers.

(7) F. O. Halliday <I al., J. Appl. Ph)'s.. 38, 1874 (1967).
(8) B_ H. Vassas, F. J. Ilcrlandi. T. E. Neal, and H. B. Mark. Jr.,

ANAL. CHEM., 37, 1652 (1965).
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slightly greater care in handling needed to prevent breakage.
In addition, pyrolytic graphite is highly pure carbon and
therefore does not itself add any hackground radialion to the
X.ray spectrum. These propenies are all in sharp contrast to
those of other possible suppon malerials for electrodepositcd
filters.

RECEIVED for review April 12, 1971. Accepted May 28,1971.
This work was supponed by Undergraduate Research Panici­
pation Grant No. GYO·7516 from the National Science
Foundation. D. G. P. was a National Science Foundation
Undergraduate Research Panicipant, 1970, at Seton Hall
University, while a student at Montclair State College.

Hydrated Porosity of Macroreticu lar Cation Exchange Resins via
Nuclear Magnetic Resonance
L. S. Frankel
Rohm and Haas Company, 5()()() Richmond Streer, Philadelphia Po. 19/37

CONVENTIONAL GEL ION EXCHANGE resins consist of 8 con­
tinuous network of quasi-homogeneous copolymer (/).
Maccorcticular resins have two discrete phases, u gel phase as
described above and a. phase composed of lar8e pores or voids
which are occupied in the hydrated state by water molccules
(2). One of the most important physical characteristics of a
mncrorcticulnr ion exchange resin is its porosity, or the frac­
tion of the total volume of the resin occupied by the pores.
The porosity is conventionally obtained in the dry state via a
mercury porosimeter or a helium densitometer (2). How­
ever, of greater interest is the porosity of the hydrated resin
and a subsequent comparison with the porosity of the dry
resin. There is to our knowledge no simple WilY of deter­
mining the hydrated porosity.

The determination of the hydrated porosity requires
knowledge of the distribution of the total water between the
gel phase and the pores. The only significant contribution to
this problem we arc nwurc of ulilizcs a mercury porosimctcr
and studies the porosity as a function of hydration. These
resulls have been interpreted to indicate that the hydration of
the gel phase is complete prior to any water entering the pores
cia capillary action (2). Our allention was called to this
problem during our study of the nuclear magnetic resonllnce
(NMR) spectra of ion exchange resins (3-16). We wish to

(1) W: Rieman III and H. F. Walton, "Ion Exchange in Analytical
Chemistry," Pergamon Press, New York, N. Y., 1970, P 13.

(1) K. A. Kun and R. Kunin, J. Polym. Sci., Part C, t6, 1457
(1967).

(3) J. E. Gordon, J. Pity•. Chm,., 66, 1150 (1962).
(4) D. Reichenberg and J. J. Lawrenson, TraIlS. Faraday Sac., 59,

141 (1963).
(5) R. H. Dinius, M. ·T. Emerson. and G. R. Choppin, J. Phy•.

Cltem., 67, 1178 (1963).
(6) J. P. deVilliers and J. R. Parrish, J. Polym. Sri.. Part A, 2,

1331 (1964).
(7) T. E. Gough, H. D. Sha,l1Ul, and N. Subramanian, Call. J.

Chem., 48, 917 (1970).
(g) R. W. Creekmore and C. N. Reilley, ANAL. CHE"., 42, 570

(1970). .
(9) L. S. Frankel, Call. J. Cltem., 48, 2432 (1970)..
(10) R. W. Creekmore and C. N. Reilley, ANAL. C'IEl,t., 42, 725

(1970).
(II) A. D.llckoV1l, D. Dosk.iilov4, S. SwvCik, end J. Stamberg,

J. Polym. Sci., Part S, 8, 259 (1970):
(12) L. S. Frankel, ANAL. ClIEM., 42, 1640 (1970).
(13) D. G. Howery and M. J. KiuDY, J. Marramol. Sci., Part A,

A(4), 1003 (1970). .
(14) D. G. Howery and B. H. Kohn, Allal. Lm., 3, 89 (1970).
(15) H. Sternlicht, G. L. Kenyon, E. L. Packer, and J. Sioclair,

J. Am". Chem. Soc., 93, 199 (1971).
(16) H. D. Sharma and N. Subramanian, Call. J. Cltem., 49, 457

(1971).

show how the hydrated porosity may he obtained from the
NMR spectra and the resin moisture holding capacity. Data
for a gcl resin and a macroreticular resin. both of which con­
tains 5%DVa cross-linking, are reported.

EXPERIMENTAL

All measurements were made on a Varian H.R. 60 spec­
trometer operating at 56.4 MHz. The true density or
skeletal density of the dry macrorelicular copolymer was
obtainL'd on a helium densitometer. The apparent density
or the density of the entire mass of dry macroreticular resin
was determined in a modified mercury porosimcter (2).

Experimental bead copolymers of both the gel and macro­
reticular type were prepared using commercial grade mono­
mers. The divinylbcnzcnc contained 58.2 % ova as a mix­
ture of ca. 70% m- and 30% p-isomer. The major impurities
in the DVa were isomers of cthylvinylbenzcne. A stock
monomer solution comaining 5% by weight of OVB and
95 % by weight of styrene and ethylvinylbenzenes was used
for the synthesis of 1111 polymers. The copolymers and
resins were prepared by standard techniques (/7)

DISCUSSION AND RESULTS

The NMR spectra of ion exchange resins will generally show
scts of peaks. One peak originates from solvent or counter
ions inside the ion exchange resin (interior peak); the other
(exterior peak) is from the molecules in the volume of the
NMR tube not occupied by the resin beads (void volume of
column). The solid resin backbone docs not contribute any
peaks to the spectrum since its molecular motion is highly
restricted.

In several previous reports on gcl resins, the chemical shift
of the hydrogen and sodium form have been shown to be
linear functions of the internal molality. in,. of the resin,
iii, = (QW) (100 - % H,D)/% H,O. QW is the dry weight
capacity of the resin and %H.O is the weight per cent water
or moisture holding capacity. Molal chemical shifts in the
hydrogen form of 0.287 ppm (6), 0.321 ppm (7), and 0.337
ppm (8) have been reported. These values are slightly less
than that reported for the effect of hydrogen ion on water,
0.344 ppm (/8). The molal chemical shift for the 5% DVB
gel resin was 0.339 ppm and for the 5% DV B macroreticular
resin, 0.345 ppm. A similar analysis is applicable to the
sodium form although the analytical sensitivity is much less.

(17) J. A. Marinsky, "Ion Exchange," Marcel Dekker, New York,
N. Y., 1969, Chapter 6.

(18) J. C. Hindman, J. CIt'm. Pity•. , 36, 1000 (1962).
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w.." = (1 + WcZl/(1 + Zl

Table I. Summary of Results
H+ form Na+ form

IVa is the weight fraction water in the gel phase. The hy­
drated porosity, P, in per cent by volume, is then calculated
from

4.67

0.26

1.16

0.288

4.63

12.0

8.0

0.67

37.5

68.0

3.22

0.282

0.288

1.10

3.19

55.0

36.3

0.644

64.4

73.3

Dry weight capacily of gel resin meqjg dry
resin, QW

Dry weight capacity of macroreticular
resin, mcq/g dry resin, Q W

Chemical shifl of@cl resin, Hz

Chemical shift of macrorcticular resin, Hz

Molc fraction watcr present in gel phase
of macrorcticular resin, Xo

Pcr ccnt waler in gel resin

Per Cenl water in macrorcticular resin

Hydrated density of macroreticular resin,
glcc hydrated resin

Porosit)· of hydraled macroreticular resin
ria NMR, cc pores/cc hydrated resin

Porosity of hydnlled macrorcticular resin
via tJt:r cent watcr. cc pores/cc hydrated
resin

SkclClal density of dry macroreticular
resin, g/cc· .437 1.497

Apparent density of dry macrorcticular
resin,g/cc" .121 1.108

Porosity of dry macrorcticular resin, cc
pores/cc dr)' resin 0.220 0.260

Porosity of dry mac:,orcticular resin, ce
poresls dry resin 0.196 0,239

II The skeletal density is rhc density of just the solid copolymer
backbone.

"Thc apparcnt density is the density of the entire volume of the
mucrorcticular resin.

similar. If the dry weight capacity and the moisture holding
capacity of the gel phase are equal, the internal molality of the
gel resin and the gel phase of the macrorelicular resin are
equal. Therefore, Or, is given by the conventional gel resin
chemical shift. The distribution of the gel water is then
readily calculated from Equation I.

The data arc summarized in Table I. The hydrated
porosity in cc ofpores/cc of hydrated resin, per cent of volume
occupied by the pores, is calculated from (% H,O)XpD where
D is the density of the hydrated resin.

After l'Slablishing that the gel phase of the macroreticular
resin and lhe gel resin are identical, the hydrated porosity may
be calculated from the tOlal moisture holding capacity of the
two resins. Consider I cc of pore water and calculate the
number of grams of hydrated gel phase, Z, that must be
addc:d to give the observed weight fraclion water in the
macroreticular [(.-sin, IV)!k,

P = D/(1 + Zl
Excellent agreement is obtained via the above proccdure and
the NMR chemical shift data (Table I); however, this should
not be regarded as independent confirmalion. The calcula­
tion of Z involves Wlllt - Woo Each of the above quantities
can generally be obtained to wilhin a few tenths of a per cenl.
For the hydrogen form of the resin, the chemical shift data
are analytically morc sensitive; for the sodium form, the
moisture capacity data have greater analytical sensitivity_

(I)

(19) L. S. Frankel,J. Phl's. Oem., 75,1211 (1971).
(20) J. A. Pople, W. G. Schneider. and H. J. Bernstein, "High­

Resolution Nuclear Magnetic Resonance," McGraw-Hill, New
York, N. Y.• 1959, Chapler 10.

(21) T. R. E. Krcs.sman and J. R. Millar. Clu.'m. Illd. (Lolldoll),
1961, 1833.

where Xc is the mole fraction of the total water present in the
resin in the gel phase of the macroreticular resin, 00 is the
chemical shift of the water in the gel phase, Xp and op arc
similarly defined for lhe pore phase. If one assumes lhat lhe
chemical shift between water in the pore phase and water in
the void volume of the column is zero. the ratio 0/00 gives
Xc from which the hydrated porosity may be calculated.

We believc th~ assumption 01' = a is reasonable since the
W:.lter in the pore phase is not influenced by any ionic groups
which an~ all in the gel phase and thl: fact that the average pore
diameter is large compared to the size of a water molecule.
It is pertinent to nOte that the macroreticular copolymer does
not show resolvable interior and exterior water peaks. All
previous studies suggest that dispersion interactions with the
copolymer do not greatly affect the chemical shift (3).

The chemical shift between the gel water and the exterior
water must now be considered. \Ve will attempt to show
that Oc is the samc as that of the gel resin of the same cross­
linking density. This is equivalent to saying that the internal
molality of the gel phase of the macroreticular resin is identical
to that of a conventional gel resin having the same cross­
linking density. The values of QW (Table I) are virtually
identical and arc typical for complete monosulfonation of the
copolymer. These values are, however, not distinctive of any
particular cross-linking density of up to approximately 20%
DVll. \Vhat is needed is an indepl:ndent physical measure­
ment which is sensitive to the gel phase cross-linking density
of the macrort.:ticular rt.:sin but yet totally insensitive to the
othcr unique propcrties of macroreticular ion cxchange resins
such as surface area and pore size distribution (2). Associated
with a certain cross-linking density is a certain water content
(2/). Therefore it is sufficient to show that the cross-linking
density of the gel phase of the macroreticular rl:sin is idl:ntical
to that of the conventional gel resin. It has previously been
reporled that the line widlh at half height of the counler ion
NMR resonance of the N(CH,),+ ionic form of cation gel
resins is strongly dependent on the cross-linking density (3).
As the cross-linking density is incrt.:ascd, the counter ion
rotational freedom decreases and the transverse relaxation
rate, and hence the line width, increases. Since all the counter
ions are in tht: gel phase, the countcr ion lint: width should
depend on the gel phase cross-linking densilY and be indepen­
dent of othcr physical properties. The counter ion line
widths at half height for both 5% DVB resins were identical,
4.5 Hz, and we therefore conclude that the cross-linking
density and henct: the moisture holding capacities are identical.
(The counler ion line width of the N(CH.),+ ionic form of a
4.75% DVB and an 8.0% DVB gel resin was 3.5 and 14.0
Hz.) The synthetic method for preparing these calion resins
would supporl the fact that the cross-linking densities are

Macrareticular resins do not show separate water reso~

nances for pore and gel phase water (19). The intensity of
the interior water peak has been shown to account for all of
the internal water (/9). This implies that the water in thc two
internal phases undergoes rapid exchange. Under rapid
exchange conditions thc observed chemica! shift from the
exterior water. 0, is given by (10)
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The porosity of a dry resin is typically expressed on a dry
volume or dry weight basis. We wish to compare the porosity
of a hydrated resin with that of a dry resin. To make this
comparison, it is necessary to express the results from the dry
resin on the basis of a hydrated resin. Thc porosi.ty of the dry
resin must be expressed in ec of pores/cc of hydrated resin
assuming no swelling occurs; therefore, the volume of pores
does not increase upon hydration. This assumption is
clearly not valid but is made to allow the above comparison.
Assuming no swelling occurs, the porosities of the hydrated
macrorelicular resins arc 0.052 and 0.075 cc pores/cc hydrated

resin for the hydrogen and sodium ionic form. The correct
hydrated porosities arc summarized in Table J. The corrcct
hydrated porosities are approximately four times that of the
dry porosities.
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Ultraviolet Refractive Indices of Aqueous Solutions of
Urea and Guanidine Hydrochloride

J. R. Krivacic and D. W. Urr)'
Division of Molecular P;ophys;csjLaborutory of Mole'clllar Bio/OK)',
University of Alabama Medical Center, /9/9 Ser;('nth Ar;enue Sow/t, Birmingham, Ala. 35233

IN STUDYING PROTEINS AND POL"PEPTJDES, it is often nl"Ccssary

to usc denaturants such as urea and guanidine hydrochloride.
In evaluating the nature of the unfolding or dissociation of
these macromolecules, optical rotatory dispersion (ORD) is
often the tool of choice for following such phenomena. To
cvnluotc the results in a meaningful manner, n parameter is
required which is independent of the solvent system used.
Since the ORD of molc-cules depends on the background con­
tributions and the field in which the molecule resides, it be­
comes necessary to adjust the ORD spectra for these variables.
The Lorentz field correction, applied to such spectra, yields a
solvent independent molar rotation. Applying such a corre'C­
tion requires knowledge of the rcfmctivc indcx, us u function
of wavelength, of the solvent.

Furthcrmorc, knowledge of refractive index dispersion is
necessary for a wider understanding of light scallering phe­
nomena. In our laboratory, distortions in circular dichroism
spectra due to light senllering and self absorption of particu­
late systems can be corrected by using Mie or Rayleigh-Gans
approximations for estimating the scnllered light and by em­
ploying the absorption flallening considerations of Duysens.
To apply such corrections, refractive index dispersion of the
solvent system and of the particulate system are necessary
(1-3). The construction of particle refractive indices has been
demonstrated by Urrytt 01. (1,2).

The refractive indices herein reported have been determined
by variable angle single reflection spectrometry. The general
principles have been elaborated on by Harrick (4) and Hansen
(5). Specific details are presented in our previous works
(6,7). Previously. refractive index data in the ultraviolet have

(I) D. IV. Urrl' and J. Krivacic, Pro<. Nal. Acad. Sci. U. S.. 65,
845 (1970).

(2) D. W. Urr)'t T. A. Hinners, and J. Krivacic, Anal. BiOchem.,
37, 85 (1970).

(3) D. W. Urry, L. Masotti, and J. R. Krivacic, Arch. Bioch~m.
Bfophys., in press. .

(4) N. J. Harrick, "Internal Reflection Spectroscopy," lntcrscicnce
Publishers, New York, N. Y., 1967, pp 32, t82-188.

(5) W. N. Hansen, Sp«lrochim. Acta, 2t, 8t5 (1965).
(6) J:R. Krivacic and D. IV_ Urry, ANAL. CHEM., 42. 596 (1910).
(7) J. R. Krivncic and D. \V. Urry, Allal. BioclJtm., in press.

been limited with little or no data available at wavelengths
shorter than 265 mil. This is particularly true of highly ab­
sorbing solutions. It is, in fact, shorlt:r wavelengths that arc
of the most dirt.'Ct interest to studies on proteins and polypep­
tides-studies which often employ urea and guanidine hydro­
chloride solutions. To our knowledge, the method used
herein provides the first direct measurements of refractive
indices for urea and guanidine hydrochloride solutions to
wavelengths of 2000 A. These direct measurements arc com­
pared to fitting the long wavelength data to a Sdlmcicl-type
equation which is commonly extrapolated to shorter wavc­
lengths. Also, the din.."Ct mcasurcml:nts arc least squares
fitted by a gl:neral dispersion expression.

Ext'ERIMEl'.'TAI.

Reagents. Urea was supplied by J. T. Baker Chemical Co.
as a "Baker Analyzed" reagent and was recrystallized from
aqueous ethanol. Guanidine monohydrochloride was also
supplied by J. T. Baker as a "Baker Gradc" reagent and was
twice recrystallizcd from aqueous ethanol. Both reagents
were stored in the cold and solutions werc freshly prepared.

Final concentrations were detcrmined by refractive index
on a Bausch & Lomb Model 3L AbbC Refractometer and
compared to the data of Warren and Gordon (8) for urea
and of Kielley and Harrington (9) for guanidine hydro­
chloride.

Apparatus. Reftection spectra werc run on the Cary
Model 14 Spectrophotometer using the Harrick Scientific
Model RMVA-l variable anglc reflectance attachment with a
sapphire hemicylinder (10). We have previously described
the use and calibration of this particular device (7).

Procedure. The optical constants nrc determined from
two spectral scans at diffcrent angles of incidence. The first
angle is above the sapphire-sample critical angle and the
second is below the critical angle. Both angles must be
above the sapphire-air critical angle. Optical constants arc
calculated for the samples al50-A intervals using the equations

(8) J. R. Warren an.d J. A. Gordon, J. PIr)'s. Clrrm.. 70. 297 (1966).
(9) W. W. Kielle)' and W. F. Harrington, BioclJim. Biophys. Acta.

41,414 (1960).
(10) N. J. Harrick, ANAL. Cm".. 37. 1~5 (1965).
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Table I-a. Refractive Indices of Aqueous Urea Solulloos

Concentration (molarlly)

Wavelenglh. A 0.678 1.078 2.136 4.218 6.242 g.163
5900 1.3401 1.3460 1.3565 1.3684 1.3815 1.3986
NanD- 1.3385 1. 3418 1.3504 1.3676 1.3843 1.4000
4500 1.3445 1. 3513 1.3620 1.3744 1.3877 1.4060
3500 1.3522 1. 3594 1.3692 1.3834 I. 3980 1.4197
2900 1.3814 1. 3870 I. 3922 1.4220 1.4340 1.4546
2650 I. 3927 1.3966 1.4053 1.4349 1.4473 1.4701
2500 1.3855 1.3931 1.4028 1.4324 1.4467 1.4716
2400 1.3925 1.3969 1.4070 1.4381 1.4534 1.4785
2300 1.3986 1.4028 1.4137 1.4471 1.4630 1.4884
2200 1.4030 1.4080 1.4192 1.4549 1.4717 1.4979
2100 1.4113 1.4148 1.4287 1.4692 1.4892 1.5133
2000 1.4296 1.4352 1.4497 1.4934 1.5179 1.5446

Table I-b. Refraclive Indices of Aqueous GuHCI Solulions

Concentnltion (molarity)

Wavelength, A 0.532 1.052 2.090 4.131 6.143
5900 1.3481 1. 3562 1.3715 1.4015 1.4310
NauDo 1.3426 1.3511 I. 3681 1.4015 1.4344
4500 I. 3542 1.3636 I. 3801 1.4095 1.4398
3500 1.3625 1.3732 1.3905 1.4234 1.4544
2900 1.3994 1.4063 1.4260 1.4794 1.5061
2650 1.4111 1.4178 1.4396 1.4951 1.5266
2500 1.4038 1.4104 1.4338 1.4903 1.5244
2400 1.4077 1.4142 1.4400 1.4978 1.5353
2300 1.4126 1.4214 1.4485 1.5084 1.5495
2200 1.4202 1.4272 1.4573 1.5185 1.5649
2100 1.4299 1.4380 1.4715 1.5367 1.5871
2000 1.4528 1.4603 1.5035 1.5792

• Determined on Bausch & Lomb Model 3L Abbe Refractometer.

+1.1
-0.9
+1.0
-0.9
±0.9
+0.7
±1.4
±1.2

Maximum error
of fit. %'

±0.9
±0.6
±0.7
+0.9
±0.9
+0.4
+0.9
+0.9
+0.9
+0.6

4000-2650
2450-1950
4000-2650
2450-1950
4000-2050
200Q-1950
4000-2000
4000-2650

13.6032
13 .0376

10.5029

10.2561

11.0754

0.38513
0.41406

0.35977

0.33747

Table II. Anal)'sis of Dispersion Equation

Coefficients of dispersion eq." Wavelength range
A C X 1011 of greatest error

0.33086 9.09221 4000-2650
0.33676 9.05982 4000-2100
0.34786 8.32994 4000-2650

2000-1950
0.35622 10.9292 4000-2650

2000-1950
0.36900 10.8252 4000-2650

2050-1950
0.38548 II . 2257 4000-2650

2150-2000

0.34589

2.090M

1.052M

Urea

0.678M
1.078M
2.136M

4.218M

6.242M

8.163M

GuHCI
0.532M

4.I3IM
6.IHM

• At 23 "C.
.. + Experimental value above equation. If greater accuracy is required, usc experimental values directly listed in Table I.

of Hansen (5. JJ). The refractive indices are leasl squares
fitlcd to a 8eneral dispersion equation,

n, = I + AX'/X' - C (I)

where X is the wavelength in centimelers. All spectra were
run at 23°C.

RESULTS AND DISCUSSION

The refractive index data are presented in Table J. For
comparison, sodium 0 line data are also included. Caem-

(II) W. N. Hansen. S!"clrochim. Acta, 21,209 (1965).

cients A and C of Equation I are given in Table 11 along with
thc regions of maximum error of fit. A more detailed expla­
nalion for the errOrS in the least squares fitled equation in the
region of 4000 to 2650 A has been presented elsewhere (7).
The maximum error is usually in the 3500 to 3000 Aregion
where the rising absorption of the sapphire-UV mirro/'; unit
makes reftectivity measurements of sample unit DS. air unit less
accurale. The errors in this region tend to make the dis­
persion equation fit well in high absorption regions where
anomalous dispersion occurs. While the present method is
the first to give far UV data for highly absorbing samples, the
increasing absorption of the unil does decrease the signal to
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3131 A - 1.4340.

2000

1.5224
1.5239
1.5259

2200

1.4929
1.4939
1.4954

2650

1.4548
1.4554
1.4561

8M Urea It 20 °0

2900

1.4423
1.4427
1.4433

TlbleID.

3SOO

1.4239
1.4240
1.4243

A ex 10"
3' 0.38835 10.2636
5' 0.38818 10.3604
6' 0.38794 10.4943

• See reference 12
• Points fitted 5461 A - 1.4022; 4358 A - 1.4105;
• Plus 3650 A - 1.4208 and 2894 A - 1.4433.
, Plus 2655 A - 1.4572.

noise ratio which decreases accuracy in reflectivity measure­
ments.

The attenuation index, K, in the 2300 to 1950 Aregion varies
from 0.01 to 0.05 for both guanidine monohydrochloride
(6M) and urea (gM). While these indices appear small in
magnitude when compared to typical indices obtained by re­
Ot:ction studies in the infrared regions. one must recall thai, in
general, the penetration depth varies directly with wavelenglh
which results in a much shorter penetration depth in the ultra­
violet regions. The penetration depth also increases as the
relative refractive indOx approaches one (4). The sapphire
hernieyHnder has a refractive index of approximately 1.9 in the
far UV region and thus is sufficiently different from that of
bulk solutions. (A suprasil hemicyHnder, on the olher hand,
has a refractivc index of approximately 1.6, such that the rela­
tive refractive index with the solutions of interest is very
nearly one.) Thus, the attenuation indices oblained arc
reasonable in these wavelenglh regions.

Even with such values of the attenuation index, well defined
critical angles are not observt'd. Thus the two angle melhod
for obtaining the optical constants becomes an important pro­
cedure in sHghtly to highly absorbing regions.

One of the reasons for providing the data in Tables 1 and 11
has been alluded to in the introduction. This reason, the
Lorentz field correclion, can be clarified by the following ex­
ample. Frequently refractive indices are obtained at three or
four wavelengths in a non-absorbing region by refractometric
means and then filled to a dispersion equation. The dis­
persion equation is then used to compute the refractive indices
into absorbing regions where the anomalous rotatory disper­
sion occurs, but this is, of course, 0 region where anomalous
ordinary dispersion also occurs. It is in this region that the
dispersion equation underestimates the true refraclive index.
For 8M urea (/2) filled to Equation I using three, five, and six
points, we present in Table 111 the coefficients and refractive
indices in the far UV region for comparison with our data in
Tables 1 and 11. Clearly, the filling of long wavelength dis­
persion data can underestimate the true refractive index, in
this case by approximately 2 %.

The dips in n observed in Table I, a and b, between 2650 and

2400 A are due to changes in the angle of incidence for eon­
linuing the spectra inlo the far UV region where net absorp­
tion due to the reflecting mirrors and sample arc higher.
The purpose is to optimize the angles of :ncidence (/3).
Several changes of angles of incidence are required throughout
lhe spectral region studied (6500-1950 A).

Agreement of our data with those of Warren and Gordon
(8) has also led us to conclude that the birefringence of the
sapphire hemicylinder has a negligible effect. Harrick
Scienlific supplies a sapphire hemicylinder which has an
optical axis coinciding with the hemicylinder axis.

The accuracy of the method has been discussed by many
authors. Analysis of the equations described elsewhere (6)
yields maximum errors in the refractive index of the sample of
0.5 to 0.6%. These errors are based on reading the absorp­
tion to ±0.006; the angle of incidence to ±0.10 of arc; and
assuming a constant polarization of the beam, i.e., -y = la/I.e,
to within ± 10%. There arc inherent systematic errors also
in the technique, such as supplying reflectivities to only three
decimal places, thus introducing an error of 1.3 % in n (13).
and determining -y to ± 10% yields a maximum error in the
reflectivity of 2% (14). The refractive index data are pre­
sented with a maximum possible error of ±2 103%. How­
ever, comparison of the sodium 0 line data, presented in
Table I, a and b, wilh our 5900 A results gives a standard
deviation of 0.0082 and 0.0099, respt"Ctively. Comparison al
2650 Agives a deviation of 0.012. On this basis the expected
eiror is 0.6to 0.8 %.

This note presents the refractive indices of aqueous solu·
tions of urea and guanidine monohydrochloride as a function
of concentration and wavelength for the 6500 to 2000 A
region. Coefficients of a least squares filled dispersion
equation using 90 to 92 points 8rc presented for generating the
refractive indices. Experimental values of the refractive
index were determined from variable angle single reflection
spectrometry.

RECEIVED for review April 14, 1971. Aceepled May 19, 1971.

(12) J. Foss, Y. Kan8, and J. Schellman, in G. D. Fasman,
"Melhods of Enzymol08l'," S. P. Colowiek and N. O. Kaplan.
Ed., Academic Press. New York, N. Y., 1963. Volume 6, Chapter
126.

(13) J. Fahrenrort and W. M. Visser. Spectrochim. Acta. 18, 1103
(1962).

(14) A. C. Gilby, J. Barr, Jr., W. Krueger. and B. Crawrord, Jr..
J. Phys CI"m.• 70, 1525 (1966).
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Determination of Mercury by a Combustion
Technique Using Gold as a Collector

D. H. Anderson, J. H. Evans, J. J. Murphy, and W. W. White

Industrial Laboratory. Kodak Park Division, Eastman Kodak Company, Roclrester, N. Y. 14650

IKCREASED INTEREST in testing materials that contain mercury
has inlensified the search for analytical methods that are
simple and selective. The usc of cadmium sulfide as a collect·
ing agent for mercury was reported by Ballard and Thornton
(I) in 1941 and has been used extensively in this laboratory.

In essence, material containing mercury is oxidized using
nitric acid or other suitable oxidants to convert mercury into a
water soluble ionic form. The solution is neutralized with
ammonium hydroxide and then trickled through a cadmium
sulfide-asbestos pad which collects the mercury as mercury
(11) sulfide. Mercury is volatilized from the pad by thermal
decomposition and determined using the Resonik Sch:Clivc
Mercury Analyzer as described by Ling (2).

This paper describes a mcthod involving combustion of
materials containing mercury and the collection of nanogram
quantities of mercury on a thin film of gold. The gold is
heated at 500 °C and the volatilized mercury is determined
using resonance absorption of the 253.7-nm wavelength line
with background correction. The detection limit is 0.001 ~g

of mercury. The total time of an analysis for mercury in hair
or tissue such as fish is less than 15 minutes. Lengthy acid
digestion periods are unnecessary, and the many days of
elapsed time involved in neutron activation arc likewise not
needed. Airborne demental mercury can also be monitored
using this collection tt:'Chnique.

EXPERIMENTAL

Reagents. Gold·coated asbestos is prepared by adding
2 grams of gold(lIl) chloride to 15 grams of acid-washed
(Isbestos fibers with sufficient water to make a slurry. The
mixture is dried and ignited in a muffle furnace at 600 °C
for 1 hour to produce a dispersed film of metallic gold.

Gold-coaled frilled glass disks 10 mm in diameter, 1 mm
thick, medium porosity arc prepared by immersion into a
solution containing I gram/ml of gold(lII) chloride. It is
necessary that the gold solution penetrate the fritted glass
disk. Warming or evacuating the solution will aid in dis­
placing the air in the disk. The disks are removed from the
solution and warmed to drive: ofT moisture. The disks are
heated in a mumc furnace as described in the gold·coated
asbestos preparation.

Generat Procedure. Twenty-five to 50 mg of sample is
wrapped in aluminum foil and placed in a quartz or other
heat resistant tube as shown in Fi&urc l.

The lUbe is approximately 35 cm in length and the frilled
disks at each end are held by plastic tubing. Heat is applied
eleclrically with a heating coil or gas burner slowly, at first,
and then to 850°C. The combustion lUbe should be long
enough so that the gold-coated disks remain essentially at
room temperature. The flow of air through the lUbe is
approximately 100 cc{min.

Ignition normally takes less than five minutes. The disk
containing mercury is rinsed with acetone and dried before
being placed in the Resonik Selective Mercury Analyzer.

(I) A. E. Ballard and C. D. W. Thornton. INO. ENG. CIIE".• ANAL.
Eo., 13, 893 (1941).

(2) C. Ling. ANAL. CII..... 40, 1876 (1968).

Figure 1. Combustion apparatus for collecting mercury

I. Quartz tube
2. Gold-<:oated fritted disk
J. Sample

The disks are used repeatedly and are reignited occasionally
to ensure freedom from mercury.

A lOO-mg plug of gold-coated asbestos was used in the
initial cxperiments to coHect mcrcury. However, it was
found that a gold-coated disk has the advantage of being
easier to manipulate and place in the Resonik Mercury
Analyzer.

Airborne elemental mercury is readily collected by passing
a known quanlity of air through a gold-coated disk at a
rate of 2 cu ft{hr using a light weight, low volume air pump.
The mercury on the disk is determined as previously de­
scribed.

Calibration of Instrument. A calibration curve is prepared
by thermally decomposing known quantities of mercury(lI)
sulfide. Altcrnatively a calibration curvc can be prepared
by adding tin(H) chloride to a solution containing 2 to 40
ng of mercury as mercury(ll) chloride. The solution is
aerated using a bubble dispenser for several minutes. The
exhaust air which contains elemental mercury vapor is
passed lhrough a gold-coated disk which collecls the mercury.
The disk is prepared for analysis by rinsing with acetone and
drying as described in the procedure.

RESULTS AND DISCUSSION

It was found that elemental mercury in air or in the vapors
coming from burning tissue is more effectively collected on
gold. We prefer the gold-impregnated glass disks for Ihis
purpose. The loose, fluffy asbestos impregnated with cad­
mium sulfide is best suited for the collecton of mercury in
aqueous solutions where it reacts with the sulfide ion and
precipitales as mercuric sulfide. The cadmium sulfide as­
bestos pad is, of necessity, prepared fresh each time, whereas
the gold impregnated glass disk can be used repeatedly.

Table I contains mercury values in air found in typical
sampling locations. The effectiveness of the collection tech­
nique was demonslrated by placing three disks in series and
passing air through them. When the disks were checked,
only the first disk contained mercury.

Table II shows a comparison of mercury results found in
spiked gelatin samples using several different methods. Gela­
tin was found to be a satisfactory matrix for mercury. Por·

Table T. Elemental Mercury in Air

Sample location Mercury found, g/cu m

Outdoor atmosphere <2 X to-·
General lab work area I .2 X 10-'
Polarographic work area 8.0 X 10-1

Suggested maximum (public health)
limit for Hg in air 1 X 10-4
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Table n, Comparison of Mercury Results Found in Gelatin Using Diverse Methods

Au collection CdS collection
method (Resonik method (Resonik Atomic Neutron
Analyzer), ppm Rei std de..., % Analyzer), ppm Rei sid dey, % absorption, ppm activation." ppm

SumpleA 1.3 21 1.2 13 1.4 1.2
Sumple B 0.13 15 0.11 9 0.14 0.09

• Data, courtesy of Dr. R. E. Jcrvi5, Uni\'crsity of Toronto.

tions of these spiked samples are analyzed regularly to ensure
operator and instrument reliability,

The combustion gold colkction method has been checked
twice by neutron activation analysis. One trial involved the
spiked gelatin samples which were (eSled by Dr. R. E. Jervis
at the University of Toronto. A sccond trial was wilh soil
samples supplied by Dr. K. W. Edwards of lhe Colorado

School of Mines. The results shown in Table III are in good
agreement. The precision of the gold collection method is
not as good as the cadmium sulfide method but the conve­
nience and analytical time requir~d to determine mercury by
the former morc than compensates for the loss in precision.

T.ble IV gives data from a variely of samples lhat have been
analyzed for mercury using the gold and cadmium sulfide
collection methods.

Materials such as fish tissue and hair arc directly combusted
after wrapping in aluminum foil. Organics such as sugar, coal,
nnd some cellulosics tend to form a tar when ignited. The
addition of sodium carbonate aids in minimizing tar formation
during combustion. However, for these types of materials,
it is recommended that a two-stage healing device be used.
A microcombustion apparatus containing primary and sec·
oodaey furnace sections makes an efficient unit. The tube in
the sl.'Condary section of the unit is packed with quarlz wool
and also heated to 850°C to further break down volalilized
organics. The quartz wool acts to retard thl.: flow of vapors
and provides addilional healing surface.

Mercury which has been collccled on a gold-coaled disk or
gold-coaled asbeslos can also be scparall.:d from lhe gold by
distillalion inlo a nitric acid Solulion and measur~d colori·
melrically using dithizonc. This lechnique represenls an
inexpensive and convenient method of analysis for samples
conlaining relalively large quanlilies of mercury. Tht.: COSl
of the gold is not a significant factor sincl.: the COaled disks art.:
used repealedly. When ncn"Ssary, lhe gold can be recovered
by well-CSlablished procedures.

RECE'VED for review November 4, 1970. Accepted May 25,
1971.

CdS, ppm

0.21
0.20
0.58
1.5
1.8
0.05
0.19
0.03

Sample

Fish I
Fish 2
Fish 3
Fish 4
Human hoir
Sugar
Coal
Wood

Table IV, Comparison of Mercury Values
in Various Substances Using Gold and Cudmium Sulfide

Collcclion Methods

Au, ppm

0.20
0.23
0.50
1.8
1.9
0.05
0.20
0.05

Table III. Comparison of Mercury Results
Found In Soil Using DiI'erse Methods

Au CdS
COIlI.'Clion collection
method method

(Rcsonik (Rcsonik Atomic Neutron
Anal)'zcr). Analyzer), absorption. activation,

ppm ppm ppm" ppm"

Sumple I 1.0 1.2 1.5 1.5
Sumple 2 0.3 0.2 0.4 0.4
Sumple 3 5.1 6.0 6.0 5.7

• Doto, courtesy of Or. K. W. Edwards, Colorado School of
Mines.

High-Speed Ion Exchange Chromatography of
Several Monosubstituted Pyridine Isomers
Charles P. Talley

Merck Sharp & Dohme Research Laboralorier, Rahway, N. J. 07065

A SIMPLE, RJ\PID, and cAkient ll-chnique for the separation
and quanti lotion of mix.tures of the more polar monosub­
stituted pyridine isomers has bt.-cn lacking in the liter. lure.
Nicotinic acid has been determined by lhe meth~dsof polarog­
raphy (I) and aqueous (2, J) and nonaqueous (4) titration,

(1) V. A. SerazetdinO\'a, A. D. Kugarlitskii, D. K. Semba'ev,
R. U. Umarov, F. A. Ivanovsko)'a, and B. V. 5uvorov, Y(,j/ll.
Akad. NQuk Xa:. SSR. :14, 68 (1968).

(2) G. M. Belousova, M. D. Prokhorenko, .nd G. N. AI'Tshuler,
Kllim, Farm. Zh., 4, 51 (1970).

(3) O. C. saxena, Chim. AI/al. (Paris), 5Z, &17 (1970).
(4) V. K. Kondra'ov and E. G. Novikov, Zh. AI/al. Xhim., 22,

1881 (1967).

none of which was isomer specific. Gas chromalography
has been useful for lhe separalion of the isomeric picolines
(5), the cyanopyridincs (6), and lhe esters of the pyridine­
carboxylic acids (7). The amides of lhese acids have been
e1uled directly from the gas chromatograph (8, 9), bUI lhere

(5) L. D. Gluzman. V. M. Efimenko. and Y. A. 51.chinskii. Cok,'
Ch"" .. USSR, 1969, (II) 37.

(6) I. I. Kon. D. K. Semba'ev. and B. V. Su\'orov. ZJr. Anal. Khim ..
15,374 (1970),

(7) H. Lilicduhl, Acla Cllelll. Sc",,,I.. 20. 95 (1966).
(8) J. D. Ashby and J. C. Deavin. J. PJrarm. Pharmacal., 21, 525

(1969).
(9) V. I. Trubniknv. L. M. Mulukho"a, .nd E. S. Zhdanovich,

Zh. Anal. Khilll., 13,1546 (1968).
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Isomer

Picolinonitrile
Nicotinonitrile
Isonicotinonitrile
Picolinamide
Nicotinamide

Absolute retention
Time, min Volume, ml

1.25 2.13
3.71 6.31
6.44 10.9

18.8 32.0
8.40 14.3

Table I. Retention Data
Relativ~

retention Isomer

1.00 Isonicotinamide
2.97 Picolinic Acid
5.15 Nicotinic Acid

15.0 fsonicotinic Acid
6.72

Absolute retention
Time, min Volume, ml

5.15 8.76
2.90 4.93
7.15 12.2
4.10 6.97

Relative
retention

4.12
2.32
5.72
3.28

Isonicotinonitrile, mg
Fou~ Present
90.2 90.4

2.7 3.1
I. I 0.9

No.
I
2
3
4
5

Relutive standard
deviation, %

Table II.
Picolinonitrile, mg

Found Prescnt
27.7 28.2

109.0 109.7
22.1 22.4
77.6 76.4
25.9 25.5

±J.35%

Analysis of Nitrile Mixtures
Nicotinonitrile, mg

Found Present
4.5 4.7
2.5 2.1

92.9 92.7
50. I 50.4
11.6 11.6

±0.73%

59.0

±O. 77~{,

58.6

100

...
'"zo..
'"...
a: 50
a:...
o
a:
8...
a:

Figure 3. Chromatogram of the three acid isomers

The attenuation settlng 8X corresponds to O.0811bsorbancc
unit full scale. The peaks in thc oroer of elution represent:
A, 1.25 ",g plcollnlc acid; 0,2.70 IoIg isonlcotinie acid;
C, 4.40 ",g nicolinlc a~ld'; D, J.3S IoIg piroJinumidc, the
intcrnul st.ondard

column inlet pressure of 1500 psig. No syringe failure or.
leakage was experienced. Each mixture was injected three
limes and for each isomer average values of the peak areas,
determined by peak height and width at half-height, were
plotted against weight of that isomer.

RESULTS AND DISCUSSION

Figures I, 2, and 3 represent chromatograms of the iso­
meric nitriles, smides, and acids. rcspt.-ctively. As a result

of the high resolution exhibited ht.:re, it was possible in each
case to choose as the internal standard for one substituent
group an isomt.:r from another substituent group. Resolution
was not sufficient, however, to permit base-line separation
of all nine isomers in one test mixture. Tnble IlislS retention
data for each isomer undcr conditions such thal solvent
breakthrough occurred in 1.10 minult.:s, corresponding to a
column dead volumt: of 1.87 011. The isomeric picolint:s
and pyridine itself arc not eluted under these conditions
within an hour. Thcy have been separated on a column
packed with I % BOP (B,iJ'-oxydipropionitrile) on Zipax
with isooctane containing 1%ethanol as c1ut.:nt (/6, J7).

For each isomer, the plot of

S IV
-- = k - + C (I)
S. IV,

where S = isomt.:r peak area
So = internal standard peak area
IV = mass of isomer injected
JVo = mass of internal standard injectcd
k = slope
C = intercept

exhibited a linear mass dependence over the range 50 ns
to 5 IJS. [Other experiments (l J) havt: shown that tht.:rc is
also a linear dependence from 50 ng to 0.5 ng, the approx­
imate limit of detection. Possible extension b...:yond 5 Jl£

has not been invcstigated.) The best straight lines determined
by n least squares analysis of the dal;] points passed through
the origin so that C = 0 in all cases.

Table 11 shows the results of analyses on five mixtures of
the isomers in the nitrile group. Expcrimcntal values
(averages of triplicate runs) and actual valUl:s arc t.:x:presscd
as milligrams per 100 011 of solution. These data were
determined over a range of less than 1% to more than 95 %
composition by weight. Treatment over a narrower range
would give correspondingly grt:ater accuracy.
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Table I.
Water on Tris(I,IG-Pbenanthrollne)-Fe(ll) O>elate

[H,oJl
Av Blank Corrected [Chelate] Dev from

[Chelate] (~I) orea, mm' area, mm' area, mm' [H,O] ",I) (~/M) average (Dev)'

1.65 X 10-' 4725 4560 165 7.75 X 10-' 4.69 -1.25 1.5625
5.00 X 10-' 5340 4560 780 36.54 X 10-' 7.31 +1.37 1.8769

10.00 X 10-' 5940 4560 1380 64.64 X 10-' 6.46 +0.52 0.2704
13.20 X 10-' 6054 4560 1494 69.98 X 10-' 5.30 -0.64 0.4096

4.1194 Total
u = ±1.17

Water on lron(lll)-BenzohydroxamJe Acid Chelate

0.002 5921 5826 95 0.0282 14.1 +3.6 12.96
0.004 5977 5826 131 0.0388 9.7 -0.8 0.64
0.006 6049 5826 223 0.0662 11.0 +0.5 0.25
0.008 6076 5826 250 0.0742 9.3 -1.2 1.44
0.10 6111 5826 285 0.0846 8.5 -2.0 4.00

19.29 Total
u = (Dev)' = ±2.2

It - 1

differential process. The large background water, due to the
high solubility of water in the organic solvent, greatly limits
the precision of the unalysis.. Two idCnlical columns were
prepared and the now rates were adjusled equally through
bolh columns of the dual column instrument. Through
one column was injected the chelate solution while the water·
saturaled solvenl solulion was injeeled through the other
column simultaneously. The area of the resulting peak was
due to water associated wilh the chelaIe.

The differential method increased the precision of thc
analysis but it was difficult to establish equal now rates.
Geometry differences in Ihe oUllet block of the two channels
resulted initially in "peaks" on both sides of the base line.

This was due to the panicular design of the deleClor used.
Since the detecting clement on the reference side was recessed,
there was a time Ing bctwl-cn its response and the sample side
of the delector. In addition, the length of the column
from the packing to the deteclor was longer for one column
than the other. When an additional shon picce of column
was added to the shon side, the peaks were normal again.

The differential technique i~ superior to Ihe direct method
because some solvents have large water solubilities and it is
difficull 10 accurately detect small differences belween rela­
tively large numbers. I-Decanol is a perfect example of
this with its large water background and this is why it was
used here 10 evaluate the method.

The main disadvantage of the differential technique
was the difficulty of establishing equal now rates through
both sides. However, once equal nows were establiShed,
many injections could be made without having to readjust
the now rates. The difliculty of preparing exactly identical
columns was not 8S great as anticipated sinc~ a slight differ­
ence in column packing or length could be compensated
for by a now rate adjuslment.

RECEIVED for review August 26, 1966. Resubmilted April 7,
1970, and May 10, 1971. Accepted May 17, 1971. This
research was supported by funds from the National Science
Foundation and by Ihe National Defense Education Act
and this assistance is gratefully appreciated.

Gas Chromatographic Separation and Determination
of Isomeric Methylbenzene Tricarbonylchromium Complexes

Janel S. Keller,' Hans Veening, and Bennett R. Willeford

D,partn..nt of eh,mistry, Buckntll UnivtTsity, Lewisburg, Po. /7837

SINCE ARENS TRICARBONYLCHROMIUM complexes were first

synthesized in 1957 by Fischer and Ofele (I), much experi­
mentation has been carried out involving synlhesis, identifica­
tion, and reaclions of these compounds. Recent work in
these laboralories has sbown thaI gas chromatography (GC)
can be used as a fasl and accurale melhod for the separalion
and analytical deterntinalion of arene lricarbonylehrontium
complexes in mixtures (2). A combined mode of gas chroma­
tography-mass spectrometry provides a convenient means for

J Present address, Department of CUnical Pediatrics.. Hehnemann
Hospital, Philadelphia, Pa.

(I) E. O. Fischer and K. Ofele, CIl'm. Bu., 90, 2532 (1957).
(2) H. Veening, N. J. Graver. D. B. Clark, and B. R. Willeford,

ANAL. CHEM., 41, 1655 (1969).

the identification of the separaled compounds (3). GC has
also been used to determine the cis-trans isomer ratios of
alkylindane Iricarbonylchromium complexes (4, 5), and the
isomer dislribulions for Ihe Friedel-ernfts acelylalion of
alkylbenzene Iricarbonylchromium complexes (6).

We repon here the extension of the GC tcchnique to include
the separation and determination of ring isomeric methyl­
benzene tricarbonylchromium complexes. The compounds

(3) W. J. A. VandenHeuvel. J. S. Keller. H. Vecning. and B. R.
Willeford, Allal. Lm., 3, 279 (1970).

(4) D. E. F. Gracey, W. R. Jackson. W. B. Jennings. and T. R. B.
Mitchell,}. Ch'm. SO<. (B). 1969, 1204.

(5) D. E. F. Gracey~ W. R. Jackson. C. H. McMullen. and N.
Thompson, ibid., p 1197.

(6) W. R. Jackson and W. B. Jennings. ibid.• p 1221.
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1.2.4-

TIme (min)

Figurc 3. Partial scparation of the di·, tri-, and tetramethylbcnzcnetricarbonylchromium
complcxcs on a 12-foot packed column

Column temp: 80-180 llC at 6 11jmin
Inj. temp: 145 llC
Column flow: 10 mljmin
Amounts injected: approximately 1 Jlg of each complex

Table HI. Rclath'c Rctention Data

SCOT column
temp. programmed Packed column

(hydrocarbon (SE-JO. 12-ft)
peaks from temp. programmed

pyrol)'led complexes) (eluted complexes)
Rei Rcl

retention retention
Ret time, (p-XTC Ret time. (p-XTC

Compound min ~ 1.(0) min ~ 1.(0)

p-XTC 6.6 1.00 34.8 1.00
m-XTC 6.8 1.03 35.4 1.02
crXTC 7.8 1.18 37.2 1.07
1.3.5-TBTC 10.7 1.62 38.1 1.09
1.2,4-TBTC 11.7 1.77 39.6 I 14
1.2.3-TBTC 13.4 2.02 43.2 1.24
1.2.4.5-TMTC 17.2 2.60 47.2 1.35
1.2.3.5-TMTC 17.6 2.66 48.7 1.40
1.2.3.4-TMTC 19.2 2.91 52.5 1.51

identical conditions, with the solc exccption of the appearance
of the Cr(CO). peak.

Though the observed peaks are those of pyrolysis products.
the quantitative determination of these complexes in mixtures
has been shown to be feasible. Table II shows the quantita­
tive results obtained for the analysis of synthetic mixtures of
the di-, tri-, and tetramethylbenzenctricarbonylchromium com·
plexes. Toluenetricarbonylchromium (TIC). p-XTC, and
o-XTC served as inlernal standards for these thrcc groups of
compounds. The average errors found in these three anal­
yses were ±3.6, ±4.2, and ±2.6%, respectively; this in­
dicates that pyrolysis was quantitative when using the SCOT
column.

It is likely that the decomposition of these compounds
occurred in the open tubular column injection accessory rather
than in the column. Contact of the gaseous complexes with
heated stainless steel is prolonged in the injection block. De­
composition on the column is thought to be unlikely because
the retentlon times were reproducible under a given set of

conditions, and because the column was internally coated with
powdered quartz and stationary phase.

While it was possible partially to separate and elute all the
complexes without dl'Composition on a packed glass column,
the resolution for the di- and telramethylbenzcne complexes
was not sufficient to warrant a quantitative study. The elu·
tion order for the nine alkylbenzenctricarbonylchromium
complexes studied was p-XTC < III-XTC < o-XTC < 1,3,5­
TBTC < 1,2,4-TBTC < l,2,3-TBTC < l,2,4,5-TMTC <
1,2,3.5-TMTC < 1,2,3,4-TMTC. A temperature-pro­
grammed chromatogram of these complexes on a 12-foot
packed column is shown in Figure 3. It is interesting to note
that, for each group of isomers, the most symmcLrically sub­
stituted complex elutes firsl, whereas the vicinally substituted
complex elutes last.

The retention times and relative retentions of all the com·
plexes on the packed column compared to those found for the
pyrolysis products on the SCOT column arc shown in Table
III. It is worth noting that the differences in relative reten­
tions for isomers within each group are far more pronounced
for the SCOT column than for the packed column, indicating
the superior resolution obtained on the former. Also, the
pyrolysis technique is much faster.

The analytical determination of isomeric methylbenzene­
tricarbonylchromium complexes by their elution from a
packed column, and by measurement of the eluted hydro­
carbon peaks obtained from metal complex injections on a
capillary column has been found to be a fast, accurate. and
reliable method. Satisfactory analytical results obtained,
whcther or not the complexes retain their integrity, have shown
that the use of GC has grcal1y facilitated the delermination of
metal ..-complexes of this type.

RECEIVED for review March 19, 1971. Accepted June 2,
1971. Paper taken in part from the M.S. thesis of J.S.K.
Presented at the 161st National Mccting, American Chemical
Society, Los Angeles, Calif., March 1971. Work supported
by the National Science Foundation Grants GP-8938 and
GP-18755.

ANALYTICAL CHEMISTRY. VOL. 43. NO. 11. SEPTEMBER 1971 • 1519





-'r-----r----...-----,----~

Concentration of lithium: (A) 0, (B) 0.048, (C) O.on, (D) 0.094,
(E) 0.212

-10
A

B

-9 C

0
z
0
~-8

Ii'
if
'" E
~
..J
0
;>.-7
vi
m
0

-6

8

A

6

-1

-6

,
pH

Figure 2. Effect of var)'ing the lithium ion concentration
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Figure 3. Effect of varying the sodium Ion con­
centration
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Figure S. Comparison between experimental values of Z and
the fitted curve for sodium data

which relales the observed molar rotation at a given pH to
the molar rotations of the free ligand [a]" (taken as the
observed molar rotation in the presence of tetramethyl­
ammonium ion) and the complexed ligand [al. at Ihe same
pH, the following expression was derived.

K _ [MHCy'-J
.uC, - [M+][HCy>-]

F, + F, = I

[M+] = [Mh - [CyhF,

where F, and F, are identified as follows:

F, = !Cy'-] + [HCy'-] + [H,cy'-]
[Cyh

F, = [MCy>-J+ [MHCy'-]
[CY]T

Utilizing Equalions 2-7 and Equation 10,

[a]... = [a],F, + [aV',

(5)

(6)

(7)

(8)

(9)

(lO)

[al... = [a], _ Z([a]... - [aM
[M+]T - [CY]TF,

where Ihe quantity Z is identified as follows:

Z = [Wl' + K,[H+J + K.K,
K.K,K.c, + K,K.uc,[H+l

and F, is expressed in the following terms:

F, = [aJ.,. - [all
[al. - [all

(1I)

(l2)

(l3)
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Titration Errors in Chelometric Titrations Employing
lon-Selective Indicator Electrodes

Franklin A. Schultz

Depar.lmcmt of Chemistry. Florida A/hmt;c Un;versi!Y,.Boca Raton, Fla. 33432

TIIEORY

The chemical equilibrium is represented as the dissociation
of the complex MY

where S is the Nemsl factor, 2.303RTIF.
An expression similar to Equation 7 may be used to. calcu­

late the error of precipitation titrations in the presence of
ions of various charge types. For the precipitation titration
of X wilh an X-ion selective electrode, the expression for M
in Equalion 7 is replaced by the expression for [X'-j in
Equations 10 and 11 in Reference J. In all treatments, ac·
tivities arc equated with concentrations, and variations in
ionic strength and liquid junction potenlial are neglected.

Titration errors are calculated as described previously (I)
using an IBM 360/40 compuler. An explicit equation for
the second derivative of Equation 7 (d'Eld!,) is examined at
increments of f = 0.001 for a change of sign. Linear ex·
lrapolation is used to estimate the titration error to the
nearest 0.01 %.

n(E - E') = log [M + L _A_,_ +
S ; (I + rDP'

~ L, Crrl'J (7)

where L. is the value of k,{Ci)'I/11 for each ion in the titrant
solulion. A complete expression for electrode potential
during the chelometric titralion of M wilh a metal ion·
selective electrode is therefore

where A, is the value of k ,(C)"f<' at the beginning of the titra·
tion (Vy = 0) for each ion, and p, is the metal ion to inter­
fering ion charge ratio (nlz,). For inlerfering ions present
in the titrant

(3)

(4)

(2)

(I)MY <=' M + Y

K = K = [M][Y]
, [MY]

I 4KC
fl+V'+--

M = [M] = (I + rD
2

where

which has the equilibrium constant

Two RECENT REPORTS (l, 2) have described the error in
potentiometric titrations which employ ion·selectivc in·
dicator clectrodL'S in the presence of interfering ions. These
ions, when either prescnt in the sample or introduced with
the litrant, are sensed by the electrode and distort the titra·
tion curve, causing the inflection point to fail to coincide
with the equivalence point. Previous treatments considered
the case of prl"Cipitation titration~. This work reports
the titration error in chclomctric titrntions and considers
the Cffl'Cl of interfering ions bearing n charge different than
that of the sample ion. This is a common circumstance in
chelometric titrations of divalent metal ions where univalent
cations may be employed in a buffer or as the counter ion
in the titrant.

In the titration V'IQ 011 of a CwQF solution of M are titrated
with V\· 011 of a CyF solution of complexing agent. Solving
the appropriate mass-balance equations for M and Y yields
the following equation for metal ion concentration during
the titration

In these equations C is the initial sample concentration
. (C.O), r is the dilution faclor (C.o/Cy), andfis the fraction

tilrated (CvV,)C.oV.O). An expression equivalent to
Equations 3 and 4 was presented originally by Meites and
Meites (3).

Potentiometric interferences occur as terms of the form
k,(C)',j", where k" C, and z, are the selectivilY coefficient,
concentration, and charge, respectively, of the interfering
ion, and n is the charge of the metal ion. C i is an instan­
taneous value which varies throughout the titration as a result
of dilution. For interfering ions present initially in the
sample, the potentiometric interference is given by

(I) F. A. SChultz. ANAL. CIIEM., 43, 502 (1971).
(2) P. W. Carr, ibid., P 425.
(3) L. Mcites and T. Meites. Allal. Cltim. ACla, 37,1 (1967).

RESULTS AND DISCUSSION

Table I comp'ares tilration errors of chelometric and pre­
cipitation titrations. Under equiva)ent experimental con­
ditions the error is significantly smaller in a chelomelric
titration: This is consistent with the greater precision in­
herent in a chelometric titration relative to an ion.-eombina-
tion titration (3). •

Consideration of the ion charge ratio, p, becomes important
only when dilution strongly inDuences the titration error.
For interfering ions in the sample solution the difference
between the errorS at p = 0.5, 1.0, and 2.0 is slight. When
interfering ions are introduced with the titrant, the dilution
factor and ion charge ratio become important variables
since the interference term for this case is of the form "L.
Table I shows that the error is larger when a divalenl ion
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Table I. Titration Errors in Cbelometrlc and Precipitation Tltratlons "ilh Ion-Selective Indicator Electrodes'

Interfering ions In sample

A

o
10-'
10-'
10-'
to-·

p ~ 0.5

-0.01%
-0.19
-0.93
-2.70
-6.46

Precipitation titration
p - 1.0

-0.01%
-0.18
-0.91
-2.64
-6.13

p - 2.0

-0.01%
-0.17
-0.86
-2.52
-5.61

Chelometric titration
p - 1.0 P = 2.0

0.00% 0.00
-0.09 -0.09
-0.27 -0.26
-0.59 -0.58
-1.30 -1.20

• C - 1.0 X 10-'; K - K., = K, ~

Interfering (ons in titrant

Precipilation titration Chc10mctric titration
L

o
to-,
10-'
to-·
10-'

p - 0.5

-0.01%
-0.07
-0.46
-1.71
-4.79

p = 1.0

-0.01%
-0.03
-0.19
-0.94
-2.94

1.0 X 10-'; r = 0.10.

p - 2.0

-0.01%
-0.01
-0.03
-0.18
-0.92

p = 1.0

0.00%
-0.02
-0.09
-0.27
-0.65

p = 2.0

0.00%
0.00

-0.02
-0.09
-0.26

(4) M. Whitfield, J. V. U:)'Cndekkers. and J. D. Kerr. Allal. CMm.
AC/a. 45; 399 (1969).
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sea water arc O.5M and O.05M, respectively, and the oplimum
selectivity coefficients of a calcium ion electrode for these
ions an: k casa =1.6 X 10- 3 and kCa11r. == 1 X 10- 2 (5).
These values combined with the above concentrations give
L A, =10- 3

• Therefore, if one maintains L A, ~ 10- 3,

C ~ 10-', and K ~ 10-1 • the titration error is always less
than 1%. If c1cctrod..: selectivity diminishes (6), however,
the titration error increases correspondingly. From Table
It it can be secn that a tcnfold increase in A increases the error
by about a factor of two.

The variables C and K also affect the titration error. A
threefold decrease in C and a tenfold increase in Keach
increases the error by a factor of two.

Titration errors arising from potentiometric interferences,
as discussed in this and previous work (1, 2), arc most serious
when the end point is evaluated from the usual presentation
of electrode potential os. titrant volume. These errors can
be circumvented by application of the Gran plOI technique
(7, 8). In this approach lhe end point is loealed by e'trap·
alation from points early in the titration where the ratio of
sample ion to interfering ion concentration is more favorable
than it is at the equivalence point.

(5) J. W. Ross. Jr. in "Ion·S::Ie:tivc Eleclro:ks." R. A. Durst.
Ed.. NIlS Special Puhlicalion 314. U. S. Government Printinll
OOicc. Washington. D. C. 1959. Chapter 2.

(6) G. A. Redlllitz lind Z. F. Lin. ANAL. CIIEM., 40, 696 (1968).
(7) G. Gran. Annl)'sl. 77, 661 (1952).
(8) Sf'('Cijic 1011 Eft'clme/(' Tt'c!lJ/O/OKY Nt>ll·sINlt·r. Orion RcSt:Rrch

Inc.. Cambridge. Muss.. Novemocr-December 1970. pp 49-55.

C = 1.0 X 10-'

-0.16%
-0.59
-1.25
-2.68
-5.71

-12.09

- 0.0;' L, - 1.0 X

C

1.0 X 10-'
3.0 X 10-'
1.0 X to-·
3.0 X 10-'
1.0 X 10-'

Table II. ElTecl orSamplelon Concenlration and Equilibrium
Constant on the Titration Error in Chelometric Titrutions"

Sample Ion concentration "aried

K - 1.0 X 10- 10 K = 1.0 X 10-'

-0.10% -0.15%
-0.10 -0.29
-0.16 -0.59
-0.29 -1.30
-0.59 -2.68

Equilibrium ronstnnt "arlcd

K C - 1.0 X 10"

1.0 X 10- 11 -0.10%
1.0 X 10- 10 -0.16
1.0 X 10-' -0.29
1.0 X 10-' -0.59
f. 0 X 10-' - I. 23
1.0 X 10-' -2.52

• Al - 5.0 X lO- t ; A, - 5.0 X lO- t ; L I

10-'; r - 0.10; p, - I; '" - 2.

interference is added to l'!. univnlent ion sample thnn when n
univalent interference is udded 10 u divalenl sample. The
latter cnsc is the normal circumstance in chelometric Litrn­
lions. In usual experimental practice, the error in chclo­
metric litrotions contributed by interfering ions introduced
with the titrant should be negligible.

Vorintion of the titration error with sample ion concen­
tration lind equilibrium constant (the inverse of the condi­
tional formation constant) is shown in Table II. Values of
C, K, A, and L arc chosen to correspond to conditions en­
countered in the analysis of calcium in sea water (4). The
approximate sodium and. magnesium ion concentrations in
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Automated Method for Determination of Mercury

B. W. Bailey and F. C. Lo

Didsion of Laboratories and Resellrc". New York Stale Depar/ment of Heal/h, Albany, N. Y. 1220/

THE GENI:RALLY accepted procedure for determination of trace
amounts of mt.:rcury is thl: cold vapor atomic absorption tech­
nique originally described by Hatch and Ott (I). This
method, however, is relatively time-consuming and the receipt
of a considerable number of samples for mercury determina­
tion at the authors' laboratory (prompted by the current con­
cern with mcrcury pollution) led to the development of an
automated version of the Hatch and Ott method which is
described.

EXI'ERIMEr.iAL

E(}uipmcnt. Tht.: equipment used in this work was a
Varian Tcchtron atomic absorption spectrophotomcler
model AA5 with auto sampler, curvc corrector, digital in­
dicator, and digital printer, together with a Tl'Chnicon Mark
II peristaltic action pump and associated glassware and
tubing.

Reagents, ST,\NU"'UJ MERCURY SOLUTlO:"ol. A lOOO-ppm
mercury stock solution is prepared by dissolving 1.3538
grams of mercuric chloride in a small amount of water, adding
7 ml of concentrated sulfuric acid to avoid hydrolysis of the
mercury salt, and finally diluting the mixture to I liter with
deionized water. By proper dilution, a fresh IO-ppm stock
solution is prepared daily from which a I-ppm solution is
prep,lred twin: a day to providt: mt:rcury standards.

STANSOUS CIILOIUDE SOLUTIOS. A fresh solution is pre­
pared daily by dissolving 100 grams of stannous chloride
in a small amount of water. adding 14 Illl of concentrated
sulfuric acid. and tht:n diluting with deionized water to
make a 10% solution.

HYDROXYLAMINE HYDROCHL0RIDE-SODlU~fCHLORIDE SOLU­

TION. Sixty Illi of 25 % hydroxylamine hydrochloride arc
mixed with 50 011 of 30% sodium chloride and diluted to
500011 with deionized water.

POT,\SSIUM PERMANGAN,\TE SOLUTION. Fifty grams of
potassium pcrmanganate arc dissolved in ddonizcd water to
make a 5%solution.

Procedure. Basically, the procedurt: followed is the same
as the manual version in that the sample is digested (0 destroy
organic maller and get the mercury into solution in the
mt:rcuric state. To this solution permangariatc is added,
fol!o\\>'ed by hydroxylamine hydrochloride and stannous
chloridt:. This latter step reduces the mercury to the metal
which c<.ln then be libcrated as a vapor by aerating the solu­
tion with air or nitrogen. The absorbance of the mercury
vapor so liberated is thl:n measured.

RESULTS AND DISCUSSION

Tht: system used is shown schematically in Figure I. The
major difference from the Hatch and Ott manual procedure is
that thl: closed system they employ for the aeration and subse­
quent liberation of the mercury vapor is not feasible in an
automated mt:thod. In the manual method, the rate of aera­
tion of solution is not particularly critical while in the auto­
mated system it is. For a given set of experimental condi·
tions, the sensitivitydecreascd with increasing flow rate. How·
ever, with slower flow rates, it takes a longer time for the signal
to return to the base line between samples. Thus, a compro-

(I) W. R. Hatch and W. L. Ou. A"AL. CH''' .. 40. 2085 (1968).

mise must be made between sensitivity and speed of analysis.
Under the experimental conditions described, n flow ratc of
120 cclmin provided more than adequate sensitivity and it took
1 minute for the signal to return to the base line after a sample.

The sampler, as supplied by the manufacturer, is intended
for use in conventional atomic absorption spectrometry and
has a very shorl sample time (25 sec/sample. maximum).
This was modified by paralleling the capacitor in Ihe timing
circuit of the sampling cycle with a 5-l-'f capacitor which in­
creases the sampling time to 1.1 minutes. Toward the end of
the sampling cycle, the auto sampler triggers the printer. To
ensure that the signal being produced is synchronized with the
cycle, a simple adjustment is made in the lengths of tubing in
the mixing stage of the procedure.

In the system described, the signal attained a maximum
about 2 minutcs after sampling. Thus the output of the
printer is always one sample behind the auto sampler. Since
it takes a minute for the signal to return to the base line after
a sample, a blank of deionized water is placed between each
sample. The automatic control which is activated by the
sampler zcrocs the instrument between samples. This en­
sures compensation for base-line drift caused by lamp fluctua­
tions or electronic variation between samplt: readings. The
auto zero triggers after each sample cup on the auto sampler
and will thus trigger twice between samples. After a sample
has been rcad, the trigger will adjust the gain of the amplifier
so that signal will correspond to zero; as the sample is purged,
the signal on the amplifier will not be activated until mercury
is complelelY dispelled from the system. At this point the
auto zero will trigger again and the gain on the amplifier will be
adjusted to give zero signal. This is best appreciated by moni­
toring the output on a recorder; an example is shown in
Figure 2.

The sample size required for analysis is 7 ml of solution.
The concentration range in which the authors were working
was 0.001 to 0.01 ppm in which a scale expansion of about
7 X was used. It is thus possible to work in higher or lower
concentration ranges by varying the scale expansion. The
digital corrector allows adjustment to be made for any devia­
tions from Beer's law. However. in the concentration range

Table I. Printer Output of Automated Mereur)' Analys<s

Sample No." Reading, ppm Sample No." R~ding, ppm

0001 00.28 0027 00.26
0003 00.57 0029 00.53
0005 00.88 0031 00.87
0007 01.17 0033 01.21
0009 00.23 0035 00.24
0011 00.59 0037 00.52
0013 00.86 0039 00.90
0015 01.16 00·11 01.18
0017 00.23 0043 00.26
0019 00.54 0015 00·50
0021 00.91 0017 00.90
0023 01.20 0049 01.18
0025 00.26

.. Even numbered samples arc water blanks. The corresponding
readings arc all 0.00.
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O.IOO~
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AUTO ZERO

PRINTER

Fil;ure J. Schematic of equipment used for automatic analysis ofmercur.y

10% slannous chloride in O.sN sulfuric acid
b. 3% hydroxylamine hydrochlorlde-3% sodium chloride
c. air
d. 5%potassium pcrmanganate

sample

Coal d

Blood"

Sl.lmplc

Brine 1
2
3

Fish I
2
3
4

Table II. llesults of Duplicate Analyses b~' Automated
Procedure and Comparisons ~'ith l\1anual Procedure

Hg conccmration, ppm
-J-o-- tJ' til'

0.0077 0.0071
0.0078 0.0076
0.0011 O.OO-l-l

0.07 0.06
0.4 0.4
0.8 0.6
1.2 1.0

0.055
0.062

0.48
0.45
0.50
0.52

.. I. Automated procedure.
~ II. Beckman Mercury Vapor Monitor (Industrial L'lb).
c III. Beckman Mcrcur)' Vupor MonilOr (Go\"crnmt:nt Lab).
d Replic::ltc analyses.

iil A 2
....
Z
:>
>­
0:

'"0:....
iii
0:

'"
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'"z
'"'"

2 ,

TIME (MIN.I-.

Figure 2. Output of automated system
for anulysis of mercury

A and A I correspond to signnl pcttks
2 indicntcs triggering of auto 7..cfO

11 nnd 8 1 nrc ncgnth'c slgnnls resulling from
purging ufter ~uln has been leroed on peaks
A and AI

mentioned 1 it wns unnecessary. The digital indicator unit
enables the output of the amplifier to be displayed in terms of
conc.:cntrntion.

To determine the precision of the method. n series of stan­
dards was run jn replicate. The standards contained 0.3, 0.6,
0.9, and 1.21'g mercury in 150011 (i.c., 2 to 8 ppb). The con­
centration readout was' adjusted to display thc output in
terms of the amount of mercury prcscnt in the original solu­
lion. The printer output is shown in Table I. The coem­
cients of variation calculated from these results at the 2, 4, 61

and 8 ppb levels lire 7.6, 6.1, 2.3, and·1.6%, respectively.
The procedure described combines rapidity, it is possible to

analyze 22 samples pcr hou'r, and a high degree of precision
and has the added advantage of rcquiring only a srnall sample
for analysis. It has )x:cn satisfactorily applied to a widc
variety of samples including watcr, coal, oil, blood, urinc,
hair, fish, and other foodstuffs.

A comparison of results obtained with the procedure de­
scribed, and independent laboratorics 1 using manual proce-

dures 1 is shown in Table II, together with some results
of replicate analyses of blood and coal samples.

\Vhilc the work described in this article was in progress, an
automated procedure for determining mercury was presented
at the Technicon Symposium (2). However, that procedure
wns dcveloped for the continuous monitoring of water with
a recorder output.
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Figure I. Prcporuth'c countercurrent distribution of 171.3 grams of LH·RH concentrate in a system
orO.1 %.cetic .cid : I-but.nol :pyridine = II :5:3, by the single ...ithdr.....1method

171.3 ~mms of rnalcrilll was loaded in lubes No. 0-19. lOO-cell tmin wus fHlNI with 50 mllon'l" phase and 25
011 ullpcr phUSl', 250 lrnns(crs were performed. Folin-I.o ..... ry llmJlysC'S were curried out on 10 J.lllowcr I)hase
(L) und 25 1"1 upper phase (U). U I-itl I ucth'it), was determined in I-pi liliquots of upper phase. equh'alcnt to
upproxlmntcl)' 0.8 IlM dry ,",eight

T.ble I. Uiologle.1 Aeth·ity or
Hypothal.mic Fr.etions before .nd .rter CCD

LI-t-rc1cllsinG
8ctivity, ng

Frltction No. Dose. .uG LH/ml ± SE P

Before CCO 12.2 ± 1.2
Control
Phenol eXlruct 10 27.0 ± 2.4 0.01
Phcnol.exlruct 100 75.0 ± 6.6 0.001

MterCCO
Control 9.4" 1. 2
Fraction 149-157, Figure I 0.2 4J.9 ± 0.9 0.001
Fraction 189-197, Figure I 0.2 27.2:L 2.9 0.01
fraction 20-::$2, Figure I

(inactive) 20 11.6 ± 2.3 N.S.

(/7). Follicle stimulating hormone· releasing hormone (FSH­
RH) activilY was measured as described previously (7, 8).

RESULTS AND DISCUSSION

As the stnrting nUlIeriuI (179.9 grums) for the counter­
current distribution was incompletely solublc, it \~us extracted
7 limes with lower phase (140.011 each time) and upper phase
(70 011 each time) of the CCO solvent. This was followed by
centrifugation. The residue (8.6 grains) showed no LH-RH
activity ut doses of 100 ,us. The extracts were combincd,
and the upper phase was made up to 500 011 and the lower
phase to 1000 011, so that the average concenlrlltion of the
solule was 11.4 %. This was introduced into the first 20

(17) J. Dek.nski, 8ril. J. Plrarmaco/., 7, 567 (1952).

cells of the CCD train so that each of these cells contained
50011 of lower phase lind 25 011 of upper phase. The fore-run
consisted of pre-equilibration wilh upper phase of about 20
tubes in front of the advancing solute bands. Co-current
was sct at about 0.5 011. The distribution for 250 transfers
wns started using thc single withdrawal method (/8) to
remove the LH-RH activity from the train and increase the
chnnces of separation. The settling time was set at I hour for
the first 20 transfers, then reduced to 29 min for the remaining
230 transfers. After 80 transfers were completed and the
upper phase began 10 emerge from the CCD train, eight to 10
fractions were collected together into JOOO·ml conical flasks,
using the exit tube for manual operations. These flasks were
changed every 4 hours. The collected fractions were im­
mediately acidified with glacial acetic ucid to pH 4.

The pattern of separation as delermincd by dry weight,
peptide analyses by the Folin-Lowry method (/2), and bio­
assays is shown in Figure 1. In agr~ement with calculations
the LH-RH activity \\',IS transferred alit of the train with the
emerging upper phases and was found in fractions No. 130­
230. The band width lind the location of LH-RH activity
were in sood agreement with theoretical computations.
The increase of dl.'Cantation and transfer periods to 45 sec
allowed for an adequate draining of the viscous upper phase.
The K value for LH-RH, determined to be 2.0 in two analytical
runs in this solvent system, did not change in this run even in
spite of very large amounts of material used. \Vhen the
CCD separation of TRH was carried out on a preparative
scale with 16-gram amounts, some change in K value was

(18) T. P. King and L. C. Crnig. "Methods of Biochemical Anal­
ysis." D. Glick. Ed., Vol. 10. Interscicncc, New York. N. Y.,
1964. pp 201-228.
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(model 111) or is the result of solvent participation in the
transfer of the proton from the sulfur atom to the nitrogen
atom of the DTC acid (model IV). Solvent participation is
likely to occur in the case of DTC acids with small alkyl
substituenls (e.g., dimethyl· or diethyl·DTC acid) as the
studies with mixed solvents indicated (3) that for these DTC
acids the solvent is able to approach closely the N-C bond
(See Scheme I).

II, .....
NH + Cs,

Rio... ../'
R,.....~_~ S

....... ........

R, \w..S.'

H
(IV)

Scheme 1

The present authors propose that the solvent isotope effect
observed in the decomposition of DTC acids containing small
alkyl substituents is mainly due to thc difference in position of
either the deutcron or the proton in the hydrogen bond.
Indf.."Cd, in agreement with zero point energy considerations,
the probability of finding the deuteron close to the nitrogen
atom is larger than the equivalent probability for a proton
(6). As a result, the fractional charge on the nitrogen atom

(6) R. E. Rundle, J. Phys.• 25, 481 (1964).

(model IV) will be larger when a deuteron rather than a
proton occupies the "hydrogen bond." We have .hown
previously how an increase of fractional charges in the DTC
acid molecule enhances the decomposition rate (3).

However, in the case of DTC acids containing large alkyl
groups (e.II., diisopropyl·DTC acid), the solvent is less able to
approach the N-e bond as is renected in the great instability
of these acids (3). The lower decomposition rate of di·
isopropyl·DTC acid in 0,0 suggesls that the rate·detcrmining
step in the decomposition of that compound is the transfer
of proton from the sulfur atom to the nitrogen atom (model
III). Indeed, the transfer of a deuteron from one base to
another occurs at a slower rate than that of a proton.

The opposite solvent isotope effects seen in Table I thus
lead to the conclusion that, depending on the availability of a
solvent molecule ncar the N-C bond, the rate·determining
step in the decomposition of DTC acids is either the proton
(or deuteron) transfer from the sulfur to the nitrogen atom or
the decomposition of the intermediate IV. The solvent iso­
tope effect in the decomposition of dibutyl·DTC acid (Table
I) clearly illustrates the competition between these two
possible ratc-determining sleps.

If the above arguments arc a true interpretation of the
experimental results, the solvent isotope effect may be cc·
gardcd as confirming the conclusion reached by studies in
mixed solvents (3); namely, that the rates of decomposition of
DTC acids are primarily governed by the ease of approach of
the solvent to the N-e bond. Solvent isotope effects have
the peculiarity to throw light on the innuence of the proton
transfer on the overall reaction rate.
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Gas Chromatographic Determination of Penicillins

Charles Hlshta, David L. Mays, and Michael Garofalo'

BriJloll.tJboraIOritJ, Division'0/ Bristol-Myers Compan)/, Syracuse, N. Y.

NUMEROUS CHEMICAL MElllODS are available for the quanti.
tative determination of penicillins; the identity of the peni.
cillin must usually be determined by a different procedure,
sueh as infrared spectrophotometry or thin·layer chroma·
tography. Official microbiological methods for determining
penicillins suffer from high variability and time-consuming
procedures.

A gas chromatographic procedure for the indirect iden·
tification of peoicillins was reported by Kawai and Hashibo
(1). Organic acids produced by alkaline cleavage were

1 Present address, Xerox Corporation, Rochester, N. Y.

(1) S. Kawai and S. Hashiba, Bunseki KDgakll, 13. 1223 (1964).

converted to methyl esters and separated on a 3.5 % SE·30
column. Wolfe (2) and coworkers chromatographed the
metbyl ester of L·phenethicillin. A single peak without
evidence of column decomposition was obtained from two
columns coupled in series, 1% SE·30 on glass beads (10 cm)
followed by 5% NOS on Chromosorb (40 cm). The chro­
matography of methyl esters of several 6·amino penicillanic
acid derivatives was reported by Evrard (3) in 1964. Some
of these derivatives were separated on a 0.4% SE·52 column

(2) S. Wolfe, Queens University, Kingston, Ontario, personal
communication, 1964.

(3) E Evrard, M. Claesen, and H. Vanderhaeghe, No(urt>, 201,
1124 (1964).
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2

Figure 4. Chromatogram
of methicillin Isothermnlly
at275 ·C

(I) 5-o-Cholcs'nn·3-0ne, (2)
Methicillin

o 2 3 •
Time (min.> o 3 • 5

Time (min)

Tahle I. Calibration nata for 245 ·C and 165 mllmin
Carrier Flow Rate

• RelativC' standard deviations were calculated from the response
factors obtained before rounding ofT.

had a theare.ical plalo height of 0.6 mm Cor silylated Pen·
icillinV.

BulTer Solution. .A saturate'l! aqueous solution oC ammo·
nium sulfate was adjusted to pH 2.2 with concentrated sulfuric
acid.

Internal Standard-5ilylating Reagent. A 50% v/v solution
of HMOS in pyridine containing 0.375 m&lml of 5-a-<:holes·
lane or 5-a-<:holestan·3,orie (Mann Research Laboratories.
Inc., New York, N. Y.) was prepared.

Reference Standards. Penicillin reference slandards (Fig·
ure I) (Bristol Laboratories Control Division house standards)
were dissolved in water at a concentration of 20 m8/ml.
To 2.00 ml of Ihe standard Solulion, g.oo ml of chloroform
ood 2.0 ml of pH 2.2 bulTer \VCre udded. The mixlure was
immediately shaken vigorously for 1 min and .centrifuged.
A 2.oo·ml aliquot of the organic phase was transferred 10
an 8.2·ml serum vial for silylotion.

SilylatioD Procedure. To each vial was added 2.00 ml
oCintemal standard·silylaling reagent. The vials were sealed,
mixed, and allowed to stand at room lemperature with 00'

RESULTS ANO DISCUSSION

2.4
2.5
2.1
2.3

Rdutivc
standard
dcviation

of response
fuetor, %"

1.0
2.6
2.5
2.7
3.3

Relative
response

faclOr

1.00 (1.0 ntin)
1.5\
1.58
2.16
2.83

Rclutin:
retention time

Table II. Calibration Data at 275· and 215 ml/min
Carrier Flow Ratc

Figure 5. A single chromatogram
showing the separation of oxacillin,
cloxacillin, nnd dicloxacillin iso­
thermally al275 ·C

(I) 5-a-Cholcstan-3-onc. (2) Oxacillin. (3)
Cloxacillin, (4) DicioxaciJlin

.. Relativc standard dcviations were calculatcd from the rl"Sponse
factors obtained before rounding ofT.

The merit of the gas chromatographic determination of
penicillins is the capability to separate. identify, and quantitate
penicillins in a singh.~ procedure. Unfortunately, two pairs
in the set of penicillins tested have similar retention times

Compound

5-a-Cho!cstun-
J-onc

Methicillin
Oxacillin
Cloxacillin
Dicloxacillin

casiano I shaking. Silylation was essentially complete within
to minutes for penicillin G. penicillin V, D- and L-phcn­
ethicillin, and methicillin. Oxacillin. cloxacillin, and di­
cloxacillin required up to 60 minutes for complete silylation.
Two microliters were injL'Cted into the chromatograph.

1.5
1.0
1.3
1.7

Relative
standard
deviation

of response
factol, %-

1.0
2.5
2.4
2.4
2.5

RchHivc
response

factor
Rclali\c

retention time

1.00 (2.3 min)
1.65
1.60
1.71
2.05

Compound

5-o·Cholestunc
Penicillin G
o-Phenethicillin
L-Phcncthicillin
Penicillin V
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under the experimental conditions. Typical chromatograms
indicating the separation of several penicillins arc shown in
Figures 2 to S. Relative retention times, as well 8S response
factors and their relative precision. arc shown in Tables I and
II. Precision was determined for each compound by calcu·
lating the relative standard deviation of response factors
obtained from six separate preparations of reference stan­
dard. Response factors were calculated from pcak areas of
internal standards and reference standards, measured by the
peak-height times half-width method.

An LBK 9000 gas chromatograph-mass spectrometer was
used to confirm the identity of the silyl derivatives of each
penicillin. Chromatographic peaks were shown to be the
trimethylsilyl esters of the intact penicillins by observation of
their molecular ions.

The Internal Reflection Probe

SIR: Doublc·pass internal reflection plates for Internal
Reflection Spectrometry (IRS) (I) permit a light beam to enter
and exit through one and the same end of the plate. These
plates can then be used as "Internal Reflection Probes" for
recording spectra of liquids and powders and for reaction
monitoring since the free cnd can be immersed into the sample
material (Figure la), thus eliminating the need for special
cells (2).

The double-pass geometry was conceived to overcome the
difficulty of building vacuum chambers, dewars, and ovens
having two optical windows, such as used in IRS surface
studies with single-pass plates. The double-pass geometry
requires only one optical window. This geometry also
simplifies the design of the transfer optics for their use in
spectrometers and, furthermore, permits usc of reflection
plates of any length without altering the optics.

Studies were made for NASA on the potential use of such a
probe for dipping into the surface of the moon to record
spectra of moon dust. The advantage that lRS offers is that
particulate matter, regardless of size, does not scatter light in
its interaction with the evanescent wave (3), and, therefore,
spectra of powders can be recorded without elaborate sample
preparation.

The prisms (or equivalent mirrors) in Figure la rotate the
slit image from the usual vertical orientation to a horizontal
orientation, and the mirrors direct the light beam at the
required angle so that light will travel cia multiple reflection,
vertically along the length of the reflection plate. A more
sophisticated structure, the vertical double·pass plate, was
developed (4) to minimize the number of optical components
required to achieve the same result. The VDP plate, shown in

(I) N. J. Harrick, "Internal Reflection Spectroscop)'," Interscience,
Division of J. Wiley & Sons, New York. N. Y., 1967.

(2) N. J. Harrick, ANAL. CUEM., 36, t88 (1964). Flexible optical
fibers may also be used for this purpose as demonstrated by W. N.
Hansen, ibid., 35, 765 (1963).

(3) N. J. Harrick and N. H. Riederman, Spf'clrochim. ACIU, 21. 2135
(1965).

(4) N. J. Harrick, Appl. Opt., 5, I (1966).

CONCLUSIONS

Good precision of response factors of reference standards
indicates the direct applicability of the procedure to peni­
cillin prime bulk material. Combined with suitable sample
preparation the method could be extended to include bulk
blends, tablets, syrups, and other commercial preparations.
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CDRRESPDNDENCEI

a

b

C
Figure l. Internal reflection probes

Q. Double-pass plate; b. Vertical double-pass plate; c. Double­
pass, double--sampling plates. The free end can be dipped into
liquids, powders, etc. for recording spectra
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Figure 2. Vertical double-sampling internnl reflection plate
with .ersatile reflection attachment can be adapted to most
commercially a..llable spectrometers

Figure lb, is the equivalent of the double-pass plate, the
mjrrors, and the two prisms of Figure lao These more sophis­
ticated internal reflection plates require precision in fabrication
but with careful fabrication high performance is achieved.

Double·pass plates arc not limited to a roof·top bevel at
one end. The light may, for example, be introduced through
the sampling surface and deflected inlernally via the bevel
(/). Because of sensitivity and aperture size considerations,
double-pass, double-sampling plates were developed. In

this case the light enters and exits via the same aperture and
the light beam strikes each point on the surface twice. In
order to separate the entrance and exit beams, the opposite
bevel is cocked slightly and metallized so that the light beam
is reflected back down the length of the plate at a slightly
different angle of incidence. A horizontal double-sampling
plate is shown in Figure Ie.

Vcrtieal double-sampling plates can also be made by
providing a single bevel (rather than a roof-top bevel) along
one edge of the plate and cocking and metallizing the bevel
at the end of the plate. Such an internal reflection probe
(lR 1') with transfer optics lhat can be adapted to most spec­
tromeLeTS is shown in Figure 2. [This accessory, the Versatile
Reflection Attachment (VRA), is a muiti-purpose allachment
that in addition to its usc with the IRP, can be used for in­
ternal reflection spectrometry with double-sampling reflec­
tion plates of any length or with double-sampling plates
having the sampling surface in a horizontal position. It can
also be employed for specular refleclion (low angle of in­
cidence, 0 = 12°, as required in epitaxial film thickness
measurements) and with the addition of a retro-mirror acces·
sory (5). such measurements can be made over a wide range
of angles of incidence. This is useful ror studying thin films
on metals and measuring both refractive index and film
thickness (6).J In this refleclion plate the average angle
of incidence is 45 0

, there arc approximately 15 reflections

(5) N. J. Harrick, ANAL. CIIE... , 37,1445 (1965).
(6) N. J. Horrick, Appl. Opt., in press.
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Figure 3. Spectra of acetone (a) and quartz-kaolin powder
(b) recorded with attachment illustrated in Figure 2 by dipping
a rew millimeters of the internal reileclion probe into each
sample. Spectral contrast is directly related to the depth of
immersion

OJ
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per cm length of the plate and about 3 cm (45 reflections) can
be employed if necessary.

There are many applications of the Internal Reflection
Probe. As originally illustrated, it eliminates the need of
special cells for studying liquids and powders. It is also
useful for viscous media and turbid solutions where suitable
cells cannot be made. The spectra of acetnne and quartz­
kaolin powder were recorded by dipping a few millimeters
of the end of the lRP into the sample and are shown in Figure
3. Spectral contrast can be controlled by adjusting the depth
to which the JRP is immersed into the sample. Of particular
intcrest is the usc of the IRP for reaction monitoring as re-

Changes of Drop-Shapes on Freezing

SIR: Davis and Bartell (I) determined the surface tension
of molten materials by measurement of the shapes of solidified
pendent drops, obtaining reasonable results for a variety of
substances, including metals. Their method requires that
the shape of the drop not change during "cooling." This is
at least a two-stage process, except for glasses-namely
freezing, followed by cooling of the solid to room temperature.
They suggest that for isotropic substances the second stage
should cause no trouble, but they do not comment on the
first stage.

Unless customary precautions arc taken, metal castings,
on solidification, commonly form depressions at the free
surface, or even deep pipes into the body of the casting, owing
to shrinkage on freczing. The reverse phenomenon occurs
with water and materials such as typc·mctal, which expand on
freezing. The effect of this on drop-shape can invalidate the
method unless solidification occurs superficially first, and the
interior is frozen in such a way that the volume change is in
some way vented. Cheng (2) has reported the ejection of
microdroplets during freezing of a supercooled water drop.
An experimental arrangement to allow this venting in a more
controlled way can be imagined but it is difficult to sec that
this was achieved in the method as originally described.

A clear example of the distortion that can occur may be
seen in the photographs, Figure 1. Three drops of water are
shown, each resting in a shallow depression on top of an
aluminium rod, the bottom of which dips into freezing mix­
ture. As each drop is frozen from below, a change of shape
occurs, leading ultimately to the formation of a cusp. In
other experiments, when water drops were placed directly in
depressions in pieces of Dry Ioe, the form of the frozen drop
resembled (in cross section) a Gothic arch. These more
Byzantine forms were always obtained when the aluminum
rod was used.

The general features of the distortion of a drop on freezing
in this way may be understood by assuming that the original
shape of the unfrozen drop is spherical, and that the solid
advances in a front of some particular form. If the advanoe
creates a volume do of solid, the amount of liquid removed
will not be do, but do' = do P./PI. For water do' < do, so a
small extra volume do' = do(l - P./p.) is generated. If this
is accommodated in the liquid, its volume is slightly increased
over that contained in the original envelope. If this envelope

(I) J. K. Davis and F. E. Bartell, ANAL. CHEM., 20,1182 (1948).
(2) R. J. Cheng, Scknc.,170, 1395 (1970).

quired in process control. The Internal Reflection Probe
can readily be combined with a low cost commercially avail­
able instrument for this purpose. Although the use of the
internal reflection probe has been demonstrated only for the
JR, it can be adapted to any spectral region from the UV to the
far JR.

N. J. HARRtCK
Harriek Scientific Corporation
Ossining, N. Y. 10562
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Figure 1. Three water drops being frozen from below

In each sequence (from top to bottom) it may be seeD that the extra
"olume generated on freezing accumulates at the top of the drop
(scol. in millimeters)

is more than a hemisphere, its radius of curvature R will be
increased. It it is less than a hemisphere, R will be de­
creased. Thus the lower portion of an originally spherical
drop should become more gently, and the upper portion more
sharply curved.

Attempts to carry out this calculation showed that the
outer form depends on the shape of the advancing front in a
critical way. When it was taken to be flat, the predicted form
for the frozen drop was egg-shaped. with the small end up.
Assumption of a spherical interface meeting the free surfaoe
at right angles Icd to a cusp, but no reverse curvature.

When freezing was interrupted by blowing off the liquid
with a puff of air, exposing the interface, it was found to be
saucer-shaped, with the oenter flatter, and the outer ponion
more curved, than a spherical surface. We did not attempt
to use an inlerfaoe of this form in the calculations. In all
versions,the assumption was made that the free surface of the
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liquid was continuous through the intersection with the
intcrfacc, and that no change in slope occurred at this line.
This appears to be approximately justified by the pholographs,
though we expected that the requirement of mechanical
equilibrium of the surface and interfacial tensions would
require a change of slope.

It is clear from these considerations that the ClIlculation of
surface tensions from the form of frozen drop~ is fraught with
dangers. The established mel hod (J) involving pholography
of liquid sessile or pendent drops is lO be preferred.

(3) W. D. liarkins and A. E. Alexander, in "Physical Methods
of Orsanic Chemistry," A, Wcissbcrgcr, Ed., 3rd ed., Inter­
science, New York, N. Y., 1959. pp 805-809.
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AIDS FOR ANALYTICAL CHEMISTS

New Use for a O's·Nanometer Molecular Sieve Gas Chromatography Column

W. A. McAllister and W. V. Southerland

Drptlrtl1lent o/C!tel1listry, East Carolina UniverSity, Greenville, N. C. 27834

TilE USE OF O.S-nm molecular sieve columns in gas chroma­
tography for sepurution of diatomic guses is routine. At this
laboratory, however, it has been used for the separation of
CO, and 1'1,0 ul 250°C. This hus been a vuluable asset,
allowing the usc of u simple gas ehromutograph for the sepa·
ralion and deleclion of CO, 1'1" NO, CO" and 1'1,0 wilhout a
column changc or modificlltions to the chromatogruph.
The Iilerature (1-6) and commercial tinns ull propose using
serics columns, parallel columns, or cluborate column switch·
iog devices to separate this group of gases. Thesc particular
gases result from our studies of some catalyzed oxidution­
reduction reactions bctwL"Cn CO and NO at I otmosphere.
The deleelion limil is sutisfuetory in thul a 0.5·ml sample
provides a dell'Ctable limit of about I pUrl per thousand on
the 3·ft )( '/•• in. column.

EXI'ERIMENTAL

rille gas chrommogruph uscd in these measurements WHS a
Gow·Mae Model 69·500 with a l·mV recorder. Helium
flow gas wus used with a flow rmc of 60 011 per minute and the
detector current was ISO mAo The 60-80 mesh D.S-nm
molecular sieve wns obtuined from Fisher Scientit1c Company.
It had lx.-cn relined by Const Engineering Laboratory and wus
from their lot 81/70. Il was pueked munually in '/.·in.
copper tubing (approximately 4 grams per foot) and was
eondilioned for I hour at 250°C by purging with helium.

RESULTS ,AND DISCUSSION

Onc can only obtain complete separation of the diutomic
portion of the gaseous mixture at 2S0 °C by using an inordi-

(I) W. M. Gruven. ANAL. Om>1. 31, tl97 (1959).
(2) E. Heft",nnn. "Chromutography," Reinhold Publishing Corp.•

New York, N. Y.,1961.
(3) I'. G. Jc/Tery nnd P. J. Kipping, "Gas Analysis by Gas Chromu·

tography," The Maemillun Company, New York. N. Y.. 1964.
(4) E. W. lard und R. C. Horn. ANAL. CIlEM. 32. 879 (1960).
(5) R. Stock nnd C. B. F. Rice, "Chronullogruphic Melhods,"

Reinhold Publishing Corp., New York, N.Y.• t963.
(6) D. H. Szulczcwski and T. Higuchi, ANAL. O,E>1.• 29. 154t

(1957).

Table l. Hctention Times for O.S-Nanometer Molecular
Sine GC Columns

Column length
Temp. '-3~ft . -(;:f(

·C Gas Retclltion lime. min :scc

0, 0:3U 0:42

100
N, 0:53 1: 12
NO 1:20 2:00
CO 2 :25 3:45

250 N,O 2:50 4:05
CO, 4:00 5:35

natdy long column. However, compldc separation is not
ubsolutely necessury for our reaction ~tudies because the
ratios of pcak heights for the diatomic spccics on the threc­
and six-foot columns art: sufficicnt to give an approximate
indication of how thc rcaction is procccding. The tt:mpcr;.l­
ture cnn be lowered to 100 °C occasionally to obtain accurate
diatomic conccntmtion from peak arca measurcments.

The data for typical operation arc givcn in Table I. An
unsuccessful attempt was made to scparatt: SO~ and NOz.

Ballistic temperature programming was also unsuccl-ssful.
apparently because of the slow rate at which the temperature
of the column increases. A more sophisticated instrul1lcnt
or a modiHcmion of this instrull1cnt ovcn with an additional
heater should work if thc temperature rise is rapid enough.
The 250°C temperature seems to be thc minimum for sepa­
ration of the triatomic gases and must be reached fairly
quickly while still allowing time for greater separation of the
diatomics at lower temperatures. Six feet scems to be the
minimum column length for this mode of operation.

RECEIVED for review May 13. 1971. Accepted June 14. 1971.
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Potentiometric recorders:
here's the picture.

Shown here, a portrait of all there is to know about
potentiometric recorders. All from Sargent-Welch. And
each deserves its own personality profile:

Model SRG: The basic recorder, distinguished by its
advanced perform­
ance. Seven pre-cali­
brated spans. Three
chart speeds. Guarded
circuits and filtered
inputs. Accuracy:
.' 0.25%. Reproduci­
bility: "'0.1%. Full­
scale pen response:
Less than one second.
Basic price: S1025.

Model DSRG: The
SRG times two. That
is, a dual-pen re­
corder, with two linear
channels, for record­
ing two time-related
variables, side by side
or overlapping, on the
same chart. Same
matchless perform­
ance as the SRG, but
only a few inches
wider. Think of it as a
space- and paper­
saver. Basic price:
S1800.

Model SRLG: The
SRG taken one step
further, with the addi­
tion of a logarithmic function. Eminently suited, there­
fore, for recording (say) the log of absorbance with a
spectrophotometer. Precision, non-circular gears­
which do the job much better than electrical approxi-

mations to the log function. Basic price: $1325.
Model DSRLG: Another logical move. Two SRLG's in

one dual-pen recorder. Think of what that means if you
work with a spectrophotometer, photometer, or densi­

tometer - simullane­
ous recording of both
transmittance and ab­
sorbance. Or linear!
log recording of any
two time-synchronized
variables. Basic price:
$2225.

Model SRG-GC:
Something special, for
use with a gas chro­
matograph. Fast re­
sponse, high AC rejec­
tion, floating input,
three chart speeds,
and continuously vari­
able wide-range spans.
Optional integrator for
prec ise measu rement
of areas under re­
corded curve. Basic
price: $1025 (with in­
tegrator, $1820).

Model MR: The ulti­
mate recorder? Per­
haps. Few can match
it for precision, speed,
sensitivity, and versa­
tility. Measures and
records (vs. time) any

variable that can be translated into voltage or current,
or that can be time-related by synchronous drive. Twelve
ranges, twelve speeds. Basic price: $2850.

As we said, a complete picture of a complete line.

Now read the book.
Still, in all fairness, one picture and these few words don't do justice to our
complete line of recorders. So we've prepared a fully illustrated. 30·page
catalog. It's yours, without obligation, for returning the coupon. Do it now.
fd like a copy 01 yout recorder CalalOI). 1"(':1 espeCIally In/crested m:
r '.'odel SAG Recorder ! f.1odel D$RlG Dual·Pcn lmear-log Recorder=Model D$AG Dual·Pcn Recorder I Model SRG·GC Recorder 10f Gas Chromalographs
; . I.lodel SRlG Unear·Log Recorder : t.lodel IAR r.'ultl.Range Recorder

Addl('$S

I ISARGENT-WELCH
SCientifiC Instruments. apparatus. chemica's.
Sargenl·Welch SClcnllllC Company
7300 N LInder Ave. SkokIe. IllinOIS 60076

Chlcagol AnaheIm! BIrmIngham! CinClnnal1
Cleveland fOal lasl Denver f Detroit
Spllngllcld. N J.JTOtOnloJ Monlreal/Vancouycr

Stale l"

~~~~~~---------------------------------------------~~-------------------------------
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NEW PRODUCTS

Ultrascan SM·3 has vacuum capability of 10.... This
multipurpose analytical system incorporates advanced
developments in high vacuum and electron optical
technology to give the most complete microanalysis of
a given specimen with a single instrument. When used
with appropriate detectors, spectrometers, and auxiliary
equipment, the system is capable of any of 10 different
modes of operation. Magnification range is 10­
IOO,OOOX; resolution capability extends below IOOA.
The combination of an Auger analyzer provides a
powerful tool for surface analysis. Other detection
schemes arc available for secondary emission, back·
scattered electrons. transmitted electrons. cathodo­
luminescence. charge collection current, specimen-ab­
sorbed current. voltage-induced current. deflection
modulation, and X-ray analysis. The basic system con­
sists of the electron·optical column with three·element
gun. electromagnetic condenser lenses (2) and ob­
jective lens with associated electronics; specimen
chamber. stage. and vacuum system; scanning gen·
erator and video display system; and detectors and
signal processing modules array. $67,500-71,400.
Ultrascan Co. 216·663-5006 401

Automatic enzyme analyzer can process
up to 100 samples using kinetic meth­
ods. Test changeovers are easily and
rapidly made. The system is complete
and includes reagent package for the
uv monitoring of CPK, LDH, GOT, and
GPT activity. $7335. Gilford Instru·
ment Laboratories_ 216-774·1041 403

Auto-Assay 1000 is used in preparing
extracts from cation paper for spotting
on tic plates in the detection of drugs
in urine for methadone programs and
in screening. The instrument permits
simultaneous preparation of up to 10
discrete samples, including semiauto­
matic mixing and aliquoting of chloro­
form-like solvents from buffered solu­
tions_ Up to 80 tests per S-hr day can
be performed routinely. $3923. Quan­
tum Assays Corp. 201·227·4882 402
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HELIUM
CONTINUOUS

HIGH OUTPUT
UNATTENDED

OPERATION
LOW COST
LONG LIFE

New Products

The ETI Helium Diffusion
Cell Purifier is a com·
plete equipment. ready
for continuous production
of ultra·pure helium from
commercial grades. Total
impurity levels as low as
1/2 part per million are
possible without the use
of liquid nitrogen·cooled
absorbents.
Ultra pure helium is now
being used extensively in
gas chromatography,
transistor processing,
crystal growing atmos­
pheres and other services
where high purity helium
facilitates parts per bil·
lion accuracy in critical
analyses.
Write for additional in·
formation or engineering
consultation.

Electron Technology, subsidiary of
Esterline Corporation, 626 Schuyler
Ave.• Kearny. N.J. 07032· (201) 998·8100

~ ELECTRON
~ TECHNOLOGY

ESTERLINE
CIRCLE 55 ON REAOER SERVICE CARO
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Model 2104, compact potentiometer
from Tettex (Zurich), measures up to
50 mV dc without drawing any current
from the unknown voltage source. Volt­
ages from 0 to 10.5 mV are read di­
rectly off an II·in. slide wire scale, to
which 4 steps of 10 mV each can be
added. Accuracy is 0.5% of the par­
ticular range. The instrument has a
built·in galvanometer and battery and
is ideal for research applications.
$230. Special Instruments & Machin'
ery Co. 914·779·8981 419

Model 10, Sorles 9800 calculator uses
plug·in function blocks to expand its
operational capabilities. The basic cal·
culator with 51 registers and 500 pro­
gram steps ($2975) can perform all
basic arithmetic functions and can be
programmed by simply pressing the
keys in the desired sequence. Function
blocks (read·only memories) plug in the
top to give special capabilities. Acces­
sories and peripheral products permit
the user to expand memory, customize
the keyboard, extend input/output ca·
pability, and provide solutions in words,
numbers. drawings, or a combination
of all three. Hewlett·Packard. 415·
493·1501 418

Enviroline group of low-cost portable
instruments for the study of fresh and
seawater environments have been de­
veloped for instruction. Included are
student manuals on theory, operating
instructions, and experiments. The in·
struments include an underwater listen­
ing device ($98); underwater current
meter ($40); Secchi disc for transpar·
ency ($98); turbidimeter ($135); tem·
perature/salinity bridge ($149); tem·
perature/conductivity meter ($149);
water height gage ($40); and under·
water camera package, less camera
($49). 8eckman Instruments. Inc. 201·
239·6200 420

Digital dilatometer, Model Unitherm, de·
termines linear thermal expansion of
solids. Samples can be tested from
-18G-2500·C using different furnaces
but with the same control and data ac­
quisition system. $7800. Dynatech
Corp. 617·868·8050 421
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laser microprobe system provides spectrochemical analysis with photographic re­
cording and photoelectric detection for up to 12 elements. With the microscope the
user selects an area of interest. sets the laser energy level and then a concentrated
laser burst vaporizes a miniscule area of the sample for spectrographic analysis_
There are 15 selectable energy levels for the neodymium glass laser which produce
craters from 8 to 30 ~ in diameter; repeatable shots can be made over 30 sec; laser
output is reproducible to :::5%; less than 10'" gram of sample is used. The probe
is suggested for use in elemental analysis of biological structures and perhaps in
the mass screening of body fluids in health maintenance programs. The micro·
probe has digital display and is computer compatible. Complete system: $60,000_
Fisher Scientific Co. 412·391·1330 427

Bandpass optical filters with a band­
width of only 0.05% in the infrared
region are available. The center wave­
length of the new units is located within
200/0 of the center wavelength; for ex­
ample, a conventional 10-~ filter would
be located within :::0.1 ~; the new
narrow band filter with a bandwidth of
0.050/0 would be located within 0.001 Jl.

-an improvement of 100:1. Trans­
mittance is 80% for filters in the 1-5 Jl.

range and 70% for units in the 1-10
range. Filters are available for opera­
tion at any selected point from 1-25 po.

Heliotek Div., Textron, Inc. 213-365­
4611 422

Hydrovoid compact controlled atmo·
sphere system routinely provides atmo­
spheres with dew points down to
_40 D F. even lower with the proper dry
gas. Oust particles from 0.5 ~ and up
are fdtered out. The basic chamber
provides a work area 34 in. wide and
24 in. deep; either glove-type or iris­
diaphragm entry ports can be provided;
also electrical outlets, compressed air
fittings, and microscope ports. Prices
range from $300 to $800. Air Control,
Inc. 215·56104061 423

Model RB4-250 conductivity bridge is
capable of measuring solution conduc­
tivities from 2.5-40,000 ~n/cm in four
overlapping ranges when used with a
cell of constant l.OO/cm. The range
may be extended with other cells. This

portable battery-operated instrument
uses a 400 Hz ac Wheatstone bridge
with a zero center meter as a null de­
tector and has an accuracy of 2%.
$280. Beckman Instruments, Inc.
714·871-4848 424

Integrating computer/printer to inter­
face densitometers now in use offers
the operator a choice of three output
modes: percentages, grams percent,
or raw integrals_ The printer automates
the quantitation of separated fractions
and prints out the results in digital
format; the operator may also manu­
ally enter fractions at any time during
a scan; up to 30 fractions can be stored
and computed. $3500. Transidyne
General Corp. 313·663·9329 425

NFA-200 adiabatic distillation columns
provide over 200 theoretical plate sep­
arations with only 0.7-ml holdup and
less than I-mOl drop at atmospheric
pressure. The console mounted still is
offered with options for automatic re­
flux control, pot temperature control,
and temperature deviation monitoring.
Separation of species with boiling point
differences of as little as 0.2 D C can be
made; distillation at pressures as low
as 0.005 mOl of Hg is possible. Elec­
tronic controls and an inert 36-in. Teflon
and glass system permit distillation with
long periods of unattended operation.
$2900 to $3800. Nester/Faust. 302·
737 ·6330 426
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If your lab
needed the
performance range
of two carbon
determinators but
your budget limited
you to one, could
you satisfy both
the production
supervisor and the
comptroller?

Only if you
decided on a

QJE[[B[ll) dual-range
carbon determinator
Two (or the price, and in the
space, of onel That's what you
get in our new DR-12 Dual­
Range Carbon Determinntor,
which combines high and low
rpnge in n single, automatic in­
strument. It provides accurate
readings in a range from .005%
to 5% for a i-gram sample. with
results displayed as percent of
carbon on 8 direct digital read·
out.
Operation of this dependable
new soUd state Carbon Deter­
minstor is simplicity itself.
Combustion time and high or
low range arc selected by
means of front-mounted con­
trols. A built-in digital weight
compensator permits adjust­
ment (or sample weight varia­
tions, eliminating time-consum­
ing manual calculations. And
the new Dual-Range is only one
of a complete line 01 LECO
Carbon Detcrminators which
ranges from simple Gasometric
to ultra sensitive Low Carbon.
with models to satisfy every
carbon determination need.

New Products

.,J& INSTRUMENTATION
~ SPECIALTIES COMPANY
4700 SUPERIOR LINCOLN, NEBRASKA 68504
PIl0NE (402) 434~31 TElfX 48-6453

CIRCLE 92 ON READER SERVICE CARD

GOLDEN RETRIEVER PUP

The
small time
fraction
collector.
II's also a small drop counting frac­
tion collector. In fact, it's one of the
smallest fraction collectors available.
And it has a price to match; $495.00,

complete.

95 test tubes 12 or 13 mm diameter
are held in 19 removable racks, each
with a rotating shoe to allow it to
stand upright when removed from
the instrument. The Pup will retrieve
from 1 to 2 columns and can be pro­
grammed for timed or counted drop
intervals. For cleaning after spills,
the entire shifting mechanism can be
easily removed and submerged. An
automatic shut-off and an optional
column support mast help make the
Golden Retriever Pup one of the best
values for your lab.

15eO has other circular and linear
fraction collectors, absorbance mon­
itors, pumps, and more instruments
for column chromatography and
other kinds of biochemical research.
For more information, write for our
1971 catalog.

LP Series of power supplies includes
the LP 400A available in six voltage and
current ranges between 0-10 and
~250 V dc. Current ranges are be·
tween 0-2 and 0-80 rnA. The LP 500
Series comes in five models with volt­
ages between 0-10 and 0-120 V dc
and currents from ~5 and 0-0.5 A.
Regulation for both series is 0.01 % + 1
mV line or load and ripple is 500 uv
rms. The supplies are designed for
both bench and rack. The 40·V, I-A
Model 400A costs $140; the 10·V, 5·A
Model 500 costs $210. Lambda Elec·
tronics Corp. 516-694·4200 431

MAT 711 double-focusing mass spec­
trometer is of modified Mattauch·Her·
109 geometry (electrical recording only)
using a spherical condenser. The in­
strument features maximum perform­
ance, and many accessories are avail­
able including digital mass display and
mass marker, different inlet systems,
combined electron impact/field ioniza­
tion and desorption source, and gc
coupling devices. The MAT 711 is
made by Varian MAT GmbH in Bremen,
Germany. $118,000. Varian MAT.
415·326-4000 429

Pal-E-Film system provides the materi­
als and equipment for routine clinical
electrophoresis of serum proteins, lipo­
proteins, hemoglobinopathies, and LDH·
isoenzymes, with equal facility for im­
munoelectrophoresis. Major innovation
is the use of prepared, very thin agarose
films, which provide optimal porosity,
more reproducible, sharper resolution,
and clear separations of fractions. Also
included in the system are a cell and
power supply, microliter pipet, film
slicer, oven/incubator, stain dishes, re-
agents, and stain sets. Pfizer Diag-
nostics. 212·573·2198 430

Model 100B precision gas analyzer for
quantitative measurements in the lab,
and in process control and monitoring,
it scans a mass spectrum in a fraction
of a second or continuously monitors
an individual mass peak or total pres­
sure. The instrument. a reproducible
quadrupole mass analyzer, can be used
directly in any high-vacuum system.
Dual filaments in the ion source ensure
continuity of operation. $7700. UTI.
408-739·3301 428

LABORATORY
EOUIPMENT
CORPORATION
3000 lakeview Avenue.
St.JoHph,Mlchlgln 49085
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New Products

Model KR-8 pH meter with an 8·in.
mirrored scale has readability to 0.02
pH. The meter uses a taut band sus­
pension meter movement. The unit is
both line- and battery-operated and has
a polarizing outlet for Karl Fischer and
similar titrations and an automatic tem­
perature·compensator probe. $335.
Industrial and Mill Supply Co. 516-427­
4354 436

Model 47 probe refractometer can be
inserted into the sample to be mea·
sured. In the insertion probe a light
beam is directed from a source located
in a housing 6-8 in. away from the
measuring tip. The beam refracts on
a prism mounted in the measuring tip
and is directed back to a photosensitive
element. The instrument is sensitive
to full-scale range of 0-5% dissolved
solids in liquid streams or 0-5% con·
centration of one liquid in other liquids;
other ranges can be obtained by adjust­
ment. As many as eight sensing probes
can be used with one electronic readout
unit. $2850 with one probe; $995. in­
dividual probe. Anacon, Inc. 617-881­
3000 437

Spring balance for rapid density mea­
surements features a small, stainless
steel bob, carefully sized for weight and
volume displacement, which is sus­
pended by a filament in the fluid to be
measured. Balancing torque is read
from a 6·in. diameter disc on which
four scales are engraved. Hanging a
lOO'gram weight in place of the bob
produces a reading of 1.0 sp gr or 8.32
Iblgal. $229.41. Fann Instrument
Corp. 713·526·3031 438

Model 45A microsampling attachment
fits any standard infrared instrument
and can be used for transmission stud·
ies with ultramicro cells and KBr pellets
as well as for micro ATR measurements.
An efficient 4-1 reflecting beam con­
denser is included that can be easily
shifted from transmission to reflecting
mode. Ultramicro cells with a volume
of <0.5 "I and KBr pellets of 1-. 2·, and
3-mm diameter can be analyzed. $495.
Wilks Scientific Corp. 203-838·4537

439

N-CON Trebler samplers provide auto­
matic sampling, proportional composit­
ing, and preserving by refrigeration of
all types of sanitary and industrial
wastes. The sampler is mounted on a
wall of the chamber to be sampled; its
special sampling scoop operates in can·
junction with a Parshall flume V·notch
or rectangular weir to provide a cross­
sectional sample of the entire flow.
$795 and up. N·CON Systems Co.
914-834-6530 440

for Simultaneous Concentration or Evaporation
of Ten Samples in 10 to 20 Minutes

ROTARY EVAPO-MIX
For the evaporation of multiple •. '

samples of solutions, the Buchler

Rotary Evapo·Mix Is indispensable: It

evaporates directly from test tubes

or centrifuge tubes and is suitable for .'
evaporation of acids. bases and or",

.. ganlc solvents. The Rotary Evapo·Mlx·

Is equipped with' a temperature-cori· ~

trolled water bath; it may ba operated
with an efficient watar aspirator or

mechanical pump.
Another outstanding feature of the

Rotary Evapo·Mlx Is the swirling ac·

tlon in the test tUbes which Incr..ses

the surface exposed to vacuum thus

increasing the speed of evaporation.

BUCHLER INSTRUMENTS DIVISION
NUCLEAR-CHICAGO CORP.
• 'UJSIO.'AY OF Q. a·1 SEARLE I& co.
1327,IIXTUN'" ITIEDt/fOIT.LlE;, NEW JUln, 01024

.;.;?t;)f" '~" ~ ....

Request Bulletin AC-3--2100A
CIRCLE 18 ON READER SERVICE CARD

""'
.' ,:.~ ,',

More than 60 standards available
with composllions dasigned to

encompass Federal Specilication
00-5-571 and ASTM

Designation: B 32.

181Pha III A~A METALS. INC.<
,. ~NALYTI~~L DI~I~J~N

56 Water Street, Jersey City, New Jersey 07304,· Call (20H,434-6778
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for
clinical,
industrial,
research,
laboratories
enzgJDes

I

The past few years have bean notable for
both the increase in biochemical research
and the use of enzyme chemistry as a
diagnostic tool. Harleco hopas to make a
contribution to this discipline by
providing high quality enzymes for
rasearch and investigative use. and
supplying them through our distributor

organization.

QUALITY CONTROL

As a prime manufacturer. wa start with
tha freshest natural animal and vegetable

sources. specially selected for
biochamical manufacturing, and using the
latest in isolation technique and
equipmant. produce an enzyme with
optimum activity. purity and stability.

Bulk enzyme quotations as well as

more information on specific enzymes ara
available upon request. Please send
inquiries to Harleco. Technical Service
Dept.. Philadelphia: Pa. 19143.
specifying quantity and grade requirad
where necessary.

60TH AND WOODLAND AVE.
PHILADELPHIA, PENNA. 19143

New Products

Radiometer PHM53 specific Ion meter
is a portable Instrument equally appli·
cable to all selective measurements of
monovalent or divalent anions or cat­
ions. A meter provides a linear scale
with a span from 0.00-1.00 for pX. pH,
and rnV readings plus logarithmic
decade scale from 1.~10.0 which may
be calibrated as 3, in terms of molarity
or molality. as well as ppm or partial
pressure, as for PC02 measurements.
Scales can be extended to cover any
three consecutive spans of pH or de­
cades of 3, within any range of practical
importance for specific ion electrodes.
$472. battery; $498, line. The London
Co. 216·871·8900 441

Optical quality cells or cuvettes for
spectrophotometers are of directly
fused construction with no intermediate
adhesives. Matched sets are offered
In an unlimited number of cells in each
set. Various grades of quartz cells for
the uv, far uv, and the near-ir range
are offered. Cells are also available
in rectangular, cylindrical, and flow
styles. Markson Science Supply. 714·
755·6500 442

New analyzer-transmitters, two of which
have new sensors, measure pH, ORP
(oxygen reduction potential), DO (dis­
solved oxygen), and conductivity. They
are designed for long low·maintenance
operating life in outdoor and industrial·
processing environments in water analy·
sis. New sensors are those for con­
ductivity and a pH "zero·flow" refer·
ence electrode. The line also includes
pH/ORP actuation for Honeywell's new
Electronic 111 multipoint recorder with
large·scale integrated circuitry. A sin­
gle sensor plus field· mounted trans·
mitter costs from $900-1000; with
Electronik III single pen recorder,
$1400-1500. Honeywell Industrial Div.
215·643·1300 443

Model 112 recorder offers 1-100·V
span; 12 chart speeds; <:!:0.5% limit
of error; disposable long·life pen; and
20 in./sec pen response. The recorder
is designed for the sophisticated labora·
tory user as well as for OEM. $295­
495 for single units; OEM discounts.
Linear Instruments Corp. 714·546·
6706 444

MP·I027·1 is an 8·range 10·in. strip
chart recorder with the lowest range 1
mV full scale. Balancing time is 0.6
sec; error including dead zone is less

·than 0.25 full scale. The recorder is
Ideal for use with lab instruments in·
cluding pH meters and spectrophotom·
eters. $625. OEM units are also avail·
able. McKee-Pedersen Instruments.
415·937·3630 445

DireCIOry
o,~

Graduale
ResearCh
1989~

Biennial publication of the
ACS Committee on

Professional Training

Covers the universities and col­
leges in the United States and
Canada known to olfer an organ­
ized curriculum leading to the
doctoral degree in chemistry, bio­
chemistry, chemical engineering,
and pharmaceutical or medicinal
chemistry.

The guide to graduale schools,
research, and personnel in these
areas.

201 Departments of Chemistry
165 Departments ottering

Biochomistry
106 Departments of Chemical

Engineering
29 Departments of Pharmaceu-

tical or Medicinal Chemistry

Lists 2807 full- and part-time stalf
members, each with outline of
career, teaching and research
speciallies, and list of publica­
tions for the past two or live years.

Statistical data on departments
include number of Ph.D. degrees
conferred during the previous two
years, number of stalf members,
and number of postdoctoral
appointments.

Other listings include interdis­
ciplinary programs and doctoral
theses accepted during previous
two years.

1213 pp. with index of names
paper bound (1970) $10.00
postpaid in U.S., plus 50 cents
Canada and Pan America, plus 75
cents foreign.

Order from:
Special Issue Sales

American Chemical Society
1155 Sixteenth St., N.w.
Washington, D. C. 20036
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Applied Science Laboratories, Inc. has just
announced the availability of:

Solvent Resistant
LLC Septums

New Products

Series H photodetectors contain low·
voltage vacuum photo diode pre·amp
and are available in the standard EIA
spectral responses of 5·1 ($105), 5-4
($90), 5·5 ($145), and 5·20 ($185).
When used with interference filters,
these detectors result in high signal·to­
noise ratios. Ditric Corp. 617·485­
9311 452

CTC·25 Adapt·O·Cool refrigerated unit
has a variety of different sized cooling
coils. The units use pressurized Freon
to permit qUiet operation throughout a
full range of bath temperatures from
-25-100·C. The system exchanges
1850 Btu's/hr at ambient, 1100
Btu's/hr at O·C, and 450 Btu's/hr at
-20·C. $330. Bronwill Scientific,
Inc. 716·254·4810 451

stimulus and spectrophotometric data
for both fluorescent and nonfluorescent
materials. Features include digital dis·
play of wavelength and reflectance or
transmittance, dual photometric scales
of 1-199.99% with 0.1 % resolution
and 0-19.999% with 0.001 resolution,
and a wide choice of peripherals.
$8500-10,000 depending on accesso·
ries. Kollmorgen Corp. 617·222·3880

450

KeS-IS automatic Color-Eye is a com·
puter-compatible automatic color·mea·
suring device capable of providing trio

Thermometer that uses changes in elec­
trical capacitance to measure tempera·
ture accurately down to O.loooK offers
some unique advantages over resist·
ance change measurements. The ca·
pacitance thermometer (developed by
Corning Glass Works) has an extremely
small self-heating factor, is insensitive
to strong magnetic fields, has a smooth
capacitance·temperature relationship up
to 70 o K, and has large absolute sensi·
tivity. $200-400. Lake Shore Cryo·
tronics, Inc. 716·922·3411 44B

Drug-Skreen columns extract abused drugs from samples and allow positive identi­
fication of the following commonly abused drugs: heroin (as morphine). quinine,
codeine, Doriden, methadone, barbiturates. amphetamines, phenothiazines, Dilan­
tin, meprobamate. Valium, and Librium. The procedure is fast and simple; only 20
ml of urine are required to pass through the plastic Amberlite XAD-2 column. The
detailed tic procedure is available. Columns which are disposable or may be reo
used cost under $1.00. Brinkmann Instruments, Inc. 516-334·7500 446

CryoCool Model CCI00F provides low
temperatures and high cooling capaci­
ties needed for vapor traps and freez­
ing baths subject to large loads. Each
unit can handle a minimum of 100
watts at _70°C on a continuous basis.
A dual·compressor cascaded refrigera­
tion system is used allowing no load
temperatures of _100°C to be ob­
tained. $1110. Neslab Instruments,
Inc. 447

Model 4400 programmed attenuator,
part of the Valve·Minder system, pro­
vides an operationally simple. inexpen·
sive method of preselecting as many as
six different attenuation levels, and
then automatically switching these lev­
els at predetermined times during the
course of the gas chromatograph's
analysis. Model 4400 also enables un·
attended operation of the disc inte·
grator, which requires that all peaks be
on scale for proper performance. $245.
Valve Minder, $295, $325. Carle In·
struments, Inc. 714·879·9900 449

These septums have been tested with Heptane,
Chloroform, Methanol, Water, Hexane, Benzene,
Methylene Chloride, Ethyl Ether, 2-Propanol and
Butanol. The new SR1·6 septums will withstand
at least 25 injections when these solvents are used
at 1000 psig.

Write for further information.

Applied Science
Laboratories Inc.

P.O. Box 440 I Statl College. Penna. 16801 I 814·238·2406
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NEW
CHEMICALS

FOR WATER POLLUTION.

Simplified BOD Test

PIERCE CHEMICAL COMPANY
P.o. 80' III Ro'kto'd.lllillo" '"1$ u.s.....
""0'0( ...t .....UI , .....·UI_Ult

Euroshih {EU(DPMbl} SC1~~;
Prashih (PrlDPMI J ] or 9

Euroshih-F (Eu(fodIJI 55015g
Prashih-F (PrlfodIJ]

'Shih Kit'. 1 g of each above
$40/Kit

118563
118566

'14400
114010

11025

In Stock for Immediate Delivery as follows:

Our years of experience in producing these
types of chelates enables us to supply you
the most reliable materials immediately. and
at a price thaI has also shifted dramatically­
down field, of coursel

Now anyone can get accurate. reliable biochemical oxygen demand water quality
determinations without complicated procedures, calculations or previous training. Hach
Model 2173 manometric BOD measurements compare within =5% of standard APHA
dilution procedures and, at the same time. cost less to operate lhan other manometric
set·ups used (Warburg and Sierp).

The Model 2173 BOD reads directly in ranges from 0·35 ppm to 0-350 ppm.
Progressive readings are easily graphed where rate data is required. And. the new
compact design requires minimum incubator space. No buffers are required.

The Hach Model 2173 BOD comes complete with live sample mixing bottles, mag·
netic stirring bars, and all necessary accessories. Price $200 F.O.B. Ames. Iowa. U.S.A.
Send today for complete information on the Hach BOD Apparatus.

es Products for water analysis and pollution control

HACH CHEMICAL COMPANY
P.O. Box 907, Ames, Iowa 50010 USA. Phone (515) 232·2533

Portable Test Kits Reagents

A few months later the fluorinated chelates.
Euroshift-F and Prashift-F IEu(fod») and
Pr(fodI31. the metal complexes of hepta­
fluorodimethyloctanedione. were shown to
produce even more dramatic results{Rondeau
and Sievers. JACS. 93. 1522 (197111. The
greater solubility and lewis acidity of the
H(fodl chelates allows higher molar ratios to
be used and coordinates with weaker donors
§!Jch as ethers and esters.

Just a year ago we first offered Euroshift
and Prashift. [Eu(DPMI3 and PrtoPM)3 the
Dipivaloylmcthane complexes of Eu and Pr
thaI produce dramatic shifts in I H n.m.r.
spectra(Sanders and Williams, Chem.Comm.
1183. 119701.1 These reagents enable the
simplificalion of confused spectra by spread·
ing the peaks into a resolvable pattern.

Four narcotic detection kits provide on·
the·spot testing of suspected material.
The kits provide tests for marijuana (Kit
1891). cocaine. Demerol. and metha·
done (Kit 1892). opium, heroin. co·
deine. morphine. amphetamines, and
mescaline (Kit 1893), and barbiturates
(Kit 1894)_ Each test kit is supplied
with instructions for use and individual
ampules are labeled. Kits are less than
$2.00 each_ J_ T_ Baker Chemical Co_
201-859-2151 503

Reference standards for air and water
pollution studies include a variety of
particles and spheres packaged as liq­
uid emulsions. dusts. and powders.
Met~ls. oxides. minerals, spores, pol­
lens, fly ash. and fluorescent materials
are offered. The standards are pack·
aged in small quantities and can be pur·
chased for $5_00 to $20 per unit. They
are described in a 6·page brochure.
Bulletin 17L Duke Standards Co.
415-328-2400 504

Standards and reagents for clinical and
research laboratories, FI/SOL products.
are available in one-time ampules or
color codes flip-top 125-ml and 250-ml
inort polyethylene bottles. The FI/SOL
line includes standards and reagents for
use with all Fiske instruments (osmome­
ters. cryoscopes. calcium titrators.
chlor·a·counters. fat testers, and pro­
tein testers). Fiske Assoc .• Inc. 617·
278-2482 505

1·Alkyl·3·p·tolyltriazenes have been
shown to alkylate carboxylic acids under
very mild conditions, rapidly, and in
high yields. The crystalline triazenes as
well as vOlumetric solutions of the
methyl and ethyl esters. respectively,
are available for use in such situations
as synthesis, analysis, and biomedical
research. Data and prices are avail·
able. Willow Brook Laboratories, Inc.
414-547-6378 502

MethElute, a new reagent for quantita­
tive methylation and detection of bar­
biturates. sedatives, xanthine bases,
phenolic alkaloids. and diphenyl hy·
dantoin in physiological samples by glc,
is a 0.2 molar solution of trimethy!'
anilinium hydroxide in methanol. The
on-column reaction is instantaneous;
troublesome secondary peaks are elimi­
nated, giving a single quantitative re­
sponse. A descriptive brochure gives
details of its use. MethElute is pack­
aged in 10 ml hypovials under nitrogen
at $12.50 per vial. Pierce Chemical Co.
815-968-0747 501
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MANUFACTURERS'
LITERATURE

Lock·in Amplifiers. Twelve pages give
a stell-by·step approach to selecling a
Jock-in muplifier system. Bnsic units,
preamplifiers, plug-in modules, special
purpose systems, :mel :1 light chopping
ncccssor~' arc discussed. Ith:\co, Iuc.
(jQ7·~72·7640 601

Water Pollution Analysis. Four new
prorluct applicatiun dat:l ::;hrcts co\'er
the J11CaSUTrlllellt of or~:lni(: :md nu­
trient-type polluwnts in wlltrT by spec­
I rophotolllri ric :and gns chromato­
gnlJlhi(~ tC'('hniqucs. lnslrumrnts lI,:cd
inrlude the IB·33 infrared, DB·GT and
ACTA 1IItr;I\'iolct-\Oisiblc s)lcctropho­
fOJl1('tNs, :lIld thp GC-45 gas rhromato­
grnph. Ucckman Instnnt1cuhi, Inc.
7J4·871·4848 602

Lab Apparatus·. A lG·pa~e brochure,
'~Probl('m Solvers for the Scientist," ill­
c1udC's informntion all products for dis­
pensing', sll:lkin~, rutilting, stirring,
prillling and lahrling, ('olumn eluting,
nnd rontrolling liquid Ic"rlE:. l(raft
Apparatus, Inc: 212·835·0086 603

Zonal Rotor. A 6'pa~e broe:hure ric·
st'riut'':; ill t1rl:lil lEe's CF-6 continuous
flow zonal rolor which isolfltC'S, ro))('('n­
tmlC's, nnd purifies large \'olmncs of eli·
lute pari icll" suspensions with a scdi­
mellwtioll corfflcirnt of 2000 and up.
Damon Corp. 617-449.()8oo 604

Hollow Fiber Lab Processing. A liter·
aturc kit drscribc:s the usc of hollow
fibrr de"ices which make possiLIf' mpid
and accurate proces:sing of n wide nl­
ricty of biochemicnl nnd biological solu­
tions. Con-red arc purific:ltion, fmc­
tionation, cOllrC'ntrntioll, osmosis, dialy­
sis, ultrafiltratioll, perme:llioll, and ~,Ui

tr.'lnsfcr.. Dow ChC'lllif'nl. 517-()~6·0;Ut2

605

Nmr Shift Reagents. Four pages de­
scribe find ilillstmtc thf' usc of two new
nlnr shift reagents: ElI-Rcsoh'c II
(SiC\'ers' reagent) and Pra-Solve II
(Iloudeau's reagent). Illustrati\'e spec·
tra and a bibliography are included.
Ventron, Alfa Products. 617·922·0768

606

Computer Catalog. A 158·page cata­
log dctails a wide range of computer
and associated products and various
applieatious. Computers from the
smallest PDp·JG to the largcst PDP·IO
are covered. About 25% of t.he catalog
describes computer uses. Digital
Equipment Corp. 6I'7-897-5111 607

Flowmeters. Specification IOAI460, a
ll-page folder, describes low·flow rotn­
meters (glass tube, variable area flow­
meters) thnt provide visual indic..'\tion
of (Jow ftlte. Included are engineering
dnta, capacity tables, ordering infor­
mation, dimensions, and parts lists.
Fischer & Porter Co. 215·675·6000

608

Chemical Kinetics. Application Notc
2, 4 pngrs, uElrmcnts of Chcmicnl Ki­
netics" by J. E. Stcwart, introduces
some of thc ba!:iic concept!:i of chf'mical
kinelics, 11lrluded nrc equipment, and
(~alclilations for chrmirtll rractions and
chcmical relax:ltion kinetics. Durrum
Instrument Corp. 415-32J.ll.'l0'2 609

Medical Catalog. A special mediCo11
rdition of the well-known Fisher rnt:1­
log is callrd "70:\1" and contains llGS
p:l~rs of surh i(C'ms as cquipment nnd
insl rumruts, rhrmicals, nnd culture me­
dia for m('(liral and clinic:J1l1sNi. Fisher
Scirntific Co. 412·391-1330 610

pH Meters. ..:\cellmct pH ~Icters," 12
p:lJ!:t's, dt':scribr5 :lIld illustrntes l\lodrls
~20 anel 320 I'll meters. ~lod,'1 :120
has accumcy of 0.05 pH (or 0.005 in
e,pnnded motle); ~Iodel 220, 0.5 pH.
Fisher Scientific Co. 412·3nJ·1330

611

Protein Reagents. A supplementnl
list, 17 pagrs, co\'ers re:lgcnls for :lmino
acid and protein analysis ane! synthesis.
Included :lrc Chromagram llfoducts and
new rcngrnts for acrylnmide-gel electro­
phoresis. E.1slman Kodak Co. 71ll­
458-4080 612

Image Shearing Eyepiece. Four pages
describe the Watson imnge shearing
eyepiece which fits most st:uulard mi­
croscopes. Applications include pnrti·
clc size ann lysis and fiber diameter
mcnslIrcments as well as bficteriologicnl
find biologico'll specimen measurements.
Hilckrr ]Ilstnuncnt.s, Inc. 201-226-8450

613

Bioavailability Studies. A 4·page re­
print from Drug and Cosmetic Industry
t1rscribcs the current stntu5 of bion.vail­
ability studies. Inclnded is a summary
of how the company can service in these
studies. Harris Laborntorics, Inc. 402­
432·2811 614

Biochemicals. A 52-page Co1talog lists
hundreds of rcsCo.'\rch enzymes, diagnos­
tic rengcnts, nucleotidcs, and spccinlty
biochemicals. Also listed are analytical
sen'ices of the company which provide
complete amino acid analysis and ultra­
centrifugal nnalysis on n contrnct basis.
Worthington Biochemical Corp. 201­
462·3838 615

Effluent Surveillance. An Sop8ge 8r­
ticle lists the major items w be con­
sidered and provided for to obtain in­
formation on the properties of liquid
discharges. Sampling is given special
attention. Naleo Chemical Co. 312­
782-2035 616

AA Applications. "Technique and Ap­
plicntions of Atomic Absorption," de­
scriues the company's equipment and
disctls:ic:s the ndvtllltngcs and limitations
of ntomic nbsiJrption spectroscopy.
Heprints of 120 articles all applications
of AA to various fields nrc also cata­
loged nnd nrc nvaibblc from the com·
p:U1)·. Perkin·Elmer Corp. 203·762·
6073 617

Lab Drying. A 4-page bulletin de­
r-;('ribrr-; a I3.borntory fluid bed dryer.
The <levier dirrcts a bl:1st of air through
JlL.1trrial to be dried cnusillg the par­
ticlrs to fluidize and rapidly give up
moisture. Lots of 100-1000 grams can
be drird in minutes. Pfaltz & Bauer,
Ine. 212·808·2300 61B

Selecting Gc Columns. A Ill-page
booklet b,· H. ~l. McNair discusses the
difficulty 'of choosing the proper column
for good gns chromatogmphic tcch­
niques. F:I(·tors affectill~ the sclection
nrc rxplnincd with t3blrs, graphs, and
formulas to :\!:·;sist the tlser. Gow·~'lnc

Instrument Co. 201·377-3450 619

Ir Accessories. Catnlog 1971 BE, 46
11:1grs illuslr:ltes, dN:cribcs, nnd prices
the eomJl:ln~"s infr:lred nccessories.
The :lcc(':'Sori~ ran be used with all
Perkin·Elmer and Deckman infrared
sprctrophotometrrs. Barnes Engineer­
ing Co. 203·348·5381 620

Scientific Instruments. An S·pagc
grnernl c:ltnlog illustrates llnd describes
Carlo Erbn's instruments: automatic
amino acid :malyzers, n\ltomntic chemi·
c:d an:dyzers, rlinical nnnlyzrrs, gas
chrom:\tographs, trace gas aJmlyzers,
automatic s:unple injectors, elemental
ann.I~·zrrs, and others. Sanda, Inc.
215·839·0200 621

Ultrafiltration. A 58-page catalog, n
system selection and applicntions guide,
co\'crs the laborntory Rnd clinical uses
of ultrafiltration for ~onccDtration.sep­
:lrntion, and Jlurification of colloids nnd
macromolecules. Publication No. 403.
Amicoll Corp. 617·862-7050 622

Electronic Instrumentation. A 12­
p..'lge brochure condenses information
on the compnny's electronic counters,
digital voltmcters, and multimeters,
dnta amplifiers, and frequency synthe­
sizer. Daua Laboratories, Inc. 714­
833.1234 623
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PRODUCT CAPSULES

Short "refreshers" on lasl monlh's ads. Oblain Iree Information on any of the products or services described by writing In
Ihe appropriale key numbers In Ihe "Producl Capsules" porllon ollhe reply card preceding Ihls section.

Adsorbents. :l2-pn~e book on TLC.
p 63

Balances. C:\tnlo$; on linc of Ii ana­
lytic:l1 h:ll:mccs from J1I:lcro to ultra
micro. P 115

Baloneas l top loading, en talo~ frn.·
IlIn':; 18 models with hi~h lo:ul-hl-prc­
risioll ra t io. P 120

Baths. 7_t/~ g:t1lon rap:l('ity wilh tcm­
rwratuTC' rfIllJrC -200 to iOo C ±
0.0-2° C. p 61

Bombs. Specs 011 OXyj:!rn homb {'om·
1)lJ~tioll :lJlparatll:-i to determine sulfur
\':ducs. P 140

Books. Dcl('Tmill:ltion of organic
structure hy physical methods. P 1

Books. Infrarrrl >pl'elra of Inbrllcrl
compollnd:.:. P 1

Books. An introduction to ~:I ...-liqllid
rhromarography. P 1

Books. Papl'f chroTllatograph~' :l1ld
elect.rophoresis. P 1

Books. PlIls(' and Fourier tmns(orm
~Ollt. PI

Books. Vo1.:2 of spect roscopy in in­
organic chcmistry. P 1

Books. Stfltisticnl Jnfllluni for chcm­
i,I,. PI

Centrifuges. 2 table tup anrl 2 floor
IIl1its fCflturing lIni\"C'nml hends nnd
multi-tube cflrrier system. Cfltfllog.

P 175

Chemicals. l\CW r.atnlog list,:; ovcr
SO product:; for liquid scintillfltion
cOllllting, to~cthcr with more than
5,000 rhrmic:t1s, P 14

Chemicals, reagent. ChclfltC5 to re­
>01\'0 N~TR. spectra. P 145

Chromatographs, gas. Info on low­
cost. Jlortnble unit. P 32

Chromatographs, gas. l\CW unit has
(I illter<:h,lII~e:1ble state-of-the-art, dc­
te{:tors which contribute to instrument
performance. Bulletin. P 75

ChromatographI, gal. New units
hn\'e complete 311nlyticnil fte>!ibililr.
O"cn top opcns pneumatically, makes
for C:1S" column removnl. Bulletin.

. P 135

Chromatography. New price list fca­
turcs sections on gel electrophoresis,
chromatographic columns, stable iso­
wpe>;. P lB

Chromatography. Bulletin on TLC
:1nalysis of toxic drugs. P 55

Chromatography. Bulletin on chro­
matogram sheet and development nIl"'
pnratus for TLC. P 55

Chromatography. Bibliography on
U:EC of chromatography sheet in TLC.

P 55

Chromatography. Bulletin on sol­
\'Onts nnrl rengents for TLC. P 55

Computer interfacel. Series of mod­
ules to kecp instrumented systems go-­
ill~ continually wit.h calculators, mini­
('Omplltcrl'i, or time-shared system.

P 136

(Collti'lUed on page li2 A)

NEW APIEZON
anti-seize greases stop costly
laboratory glassware breakage

AP..100 is a high vacuum Completely effective in tests
grease for use down to against a wide range. of 8g­
5xl0- 11 torr at 15°C, with a gressive solvents over peri-
softening point of 30°C. ods of 72 hours and more.
AP-101 is an all-purpose Alao-Aplezon Oils-low va-
slop-cock grease for moder- par pressures-very stable-
ate vacuum use down to 10-1 ideal asvapor-diflusion pump
torr and a softening point of fluids.
185°C. Apiezon Compouod a a

These greases are resist- putty-like. versatile, low cost
ant to organic solvents and sealant.
will not leach out of ground Apiezon Waxes for more
glass joints or stop·cocks. permanent vacuum joints.

Wrile lor Bulletin 43-AC.

Precision Cells Inc.
221 Pdr" !'.' • H (~C, II, " 1 : IE:: • \'Ilf \, ,,", 777
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Product Capsules

(('until/lied from page 1!!1 A)

Cryogenic equipment. :\cw unit lISC.s

(":1:'(':1<1('<1 rf'frigeration to reach
-1000 C llllclrf no land condition:.:.

P 121

Digital readout. )\rw lincflr/+lo~/

-Io~ deYic{' op<,r:tting: 011 1 \'olt or 100
milli\'olt inpllt irom broad ral1~c of
spc(·trophotonH't('~. P 167

Electrodes, ion. DCI:lib on fuJI line
of iUIl-sclrctiYc unit:-. P 142

Electrometers. Dpfecl:: ('lIrrCIII:-: all

ordrr of 10.1• :1JllpCrC, charp:es as :'IIl:l11
as 5x IO 11; coulomb, pOl ('Ill iab: duwn
10 ~x 1O~' '·olt. P 171

Flow controllers. :\l:iilll:tin f'OIl:,t:lIIt

flow fC'g:lnllf':"ti of down::trcam pfC's"'illfC

\"ari:ttiulls. Hpport. P 117

Integrators. GC unit with ;ultolll:lIic
ba::elim' capacity. Brochure. P 76

Ion exchangers. Fin' dilT('rf'1l1 (':If­

trid:;:t":' fOf waiN pllfil~·. ill '2 :-izc·:'i.
JllC(·t n('('d for \':\ryinJ; 1f'\"(·I....: of p\lfit~·.

Brochure'. P 89

Labels. IJpflll:llll'lll. l)ft·....::'lI rr·-:'('Il ....i·
i in' lJlil'ro~coJl(' :;:Iidc bhp!:-:. S:t1llpl(·s.
hnw!luTl'. P 138

Lamps. I,itrr:ltllr(' 011 hollnw-c:lllludp
uuit.... for ·li din"('frlll pll·lIlt·Ht~. P 72

Liquid handling systems. l.ill'r:IIIll"<­
011 IiiII' illrhltlill~ mit'fopippl."':, IIi..;·
IWII"l'rs, lI1ulor-e1rin-1i bllrpt. c1o:-im­
p!pr:-:. pr'ri:-:l:lltiC' 11I1IJIp.... P 15

Mercury analyz.er. nllllp:ll't, :-'1'11'-
('olltainl'd, Im\'-l'll~1 "'~·:'lt·1I1. Blilletin.

P 33

Microscopes. (':ll:do~ Ull linl' tilal in­
l'Iudl·... ~111 tYPl·~. P 170

Microscopes, scanning electron.
:"1'\\' ... t,lf-ll1:lillt:lilling colulllJl How IH'r­
lIlil:, !"Outinl' IUU :l1I:,:::,lfOIiI rt':,ohlliull.

P 91

Modular systems. Flrxihle "h·C'! TO­

('h('llli.~tf~· :-~·... t(,111 :1('('('1'1...; illpll1 froll\
\'irtu;t1h' :111\' dPII~(,lur. h:l:' on'f tin
applieaiioll:-.· Cat~l1og. P 118

Moisture analyzers. CUlllplrle rall~('

of lIludl'J:... fllr rt':'(,:\fch :IIHI :l.n:dvsi::.
. P 4S

Nitrogen analyz.ers. l'l'm·ide.... r:lpid
rt·:--lllt.... for :111 a II lin....: f unlilllitrd 1':IIIj!t'

of 1JI:ltt'ri:ll:,. BIlII(·tin. P 31

pH meters. I)ala fill' pw\·id('.;; illfo
Oil widp lillt'. P 19

pH meters. L:tb-ill-a-litl module C':H­

rit·s ;u'{'(·:-:,oril'... ill 1hi.... purtable Illlit
with U.05 pll :\('('tll':\('~' :lllll o.n~ pH
n'pro(hJ('ihilit~·. P 100

pH meters. I )pc'r:tll':-i both as:1. full­
r;lll~t· (010 (., )111) ill::lTlll1lt'lIt alld :1.."
:111 t'.,\p:lIlllpd-"'l·all· IIIt'ft'r (:-P:1I1: I.n!)!)
I'll). P 154

Photometers. l"ltf:l\'jolf'l unit for
IlI01Ii1fJrill~ liqllid f'fIlUl'1l1. Bulletill.

P 17

Polarographs. COlllplrlf' .... p('('...; 011

Ill'W IIltult·1 :-trip-('h:lrt ff'cording Hllit.
P 156

Preamplifiers. AC or DC (,ollplin~,

11:lIt('r~' upl'r:llt'c1, noi:,(' fi~lIrl' uf It·... ;.;
lli:t1l 0.:; dB. D:tl:t. P 146

(('Olitil/Ilcd 011 ]J00(' 1.!.:.4)

~2\NATT
AVERAGE POWER

U.\l; LASER

PEAK
POWER
OUTPUT 100KW
REPETITION
RATE... 5-500PPS
SEND
TODAY
FOR NEW
BROCHURE

~~~
LASER

NEW l

$169 iYf.~..~.~I~-~
LiY-1

VACUUM OVENS

(INEXPENSIVE, YES, BUT NOT CHEAP)
Priced 10 please the budget·can5Ciatn but offering quality fealurei to suil
the discriminaling buyer. A single piece deep drown ieomleu ilainleu
ileel work chamber, for example, plus heot·treated full ... isibility glau
door, quality ...ocuum gouge, and two slainleu ihel...es. Unusually high
temperature range to +160"C. ... vacuum rating 10 29V:r" of mercury.
Two mode Ii: smoll hos 5~~" dia. II 61,7" deep work chamber, large has
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