






Our Cover Design is based on the
Instrumentation Column, "Ion Spe­
cific Liquid Ion Exchanger Micro·
electrodes," page 89 A, by John L.
Walker, Jr. of the University of
Utah College of Medicine. These
electrodes are being used to study
the intracellular activities of the
ions invoh'ed. Currently, only the
potassium and chloride ion ex­
changer microelcctrodes arc of prac­
tical usc; however, it is expected
that ion specific microelectrodes for
other ions of interest to biologists,
calcium, for instance, will become
available.

This month's issue demonstrates
the breadth and depth of interest of
ANALYTICAL CHEMISTR\, from the
experiences of an industrial analyti·
cal chemist., to environmental mea­
suring problems as illustrated in the
Editors' Column, page 81 A, which
discusses water resources programs,
to the technical program of the Ann·
lytical Chemistry Division at the
J6ht National ACS Meeting, page
51 A, where there will be symposia
on air quality and nuclear tech­
niques ill environmental sciences
(joint with the Divisions of Nuclear
Chemistry and' Technology and
Water, Air, an~ Waste Chemistry).

Our New Products section this
month is divided into major instru.
mentation, specific detectors 'and
monitoring ins~nts, recorders
and accessories, a miscellaneous
items for the labora worker.

Next month, the lI{ew Products
section will focus On \ome of the
instruments and equipment' to be
exhibited at the Federation of
American Societies for Experimen­
tal Biology at McCormick Place,
Chicago, m., Apr. 12 to 17, 1971.
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Theonly
GC integratorthat
automatically calculates
The new 3370B Digital
Integrator introduces an
entirely new and unique
automatic tangent baseline
capability . .. and sets
a new standard for
integration accuracy.

The electronic integrator has
automated GC calculations and
greatly improved the quantitative
accuracy of the method. But the
fact remains that no integrator has
ever been able to base its peak
area calculations on anything other
than a horizontal baseline. As a
result, the best of them can
produce serious area count
inaccuracies when there is a
drifting baseline: area count losses
of 10% to as much as 1000% are
not uncommon in the case of a peak
that appears on the tail of a solvent.

The new 3370B literally puts an
end to this problem. Whenever the

rear slope of a peak drops below
lhe original baseline, it instantly and
automatically performs the
necessary mathematical
computations that enable il to
discover a langenl to the baseline.
Since il continues to accumulate
the area count until it has
established the tangent, it
accurately integrates the total area
under the peak. No other integrator
can do this; no computer can do
beller.

Horizontal

Baseline









The Nester/Faust 1240 introduces a new concept in high
speed analytical liquid chromatography ... a complete
and self-contained precision instrument with features and
capabilities that, until now, were only available on more
complex and more cosily units. To make our point, let's
look at the 1240's outstanding features, one by one. First,
easy operation and reproducible analyses are due, prin­
cipally, to an adjustable 1,000 psi pump, with continuous
degassing of solvent, and a zero dead-volume, zero back
pressure pulse damper. Second, for gradient elution
analysis, there's a precision gradient former available.
Third, separation is enhanced by a standard, ambient to
125°C forced air oven with nitrogen purge. Fourth, foun­
tain effect is eliminated by the zero dead-volume on­
column septum injector. Fifth, we assure highest resolu-

tion by designing and manufacturing all our own columns
and fillings. Sixth, the 1240 unit is supplied with a 2000
psi, 12 ul U.V. detector, wilh inlernal calibralion. Ullimale
detector sensitivity is 0.0002 0.0. units. In addition, a
complele line of column packings is available. All of
these lealures, plus more that we don't have room to dis·
cuss here, add up to some of the reasons why the 1240
is a unique analytical L.C. base priced at 54,900 ... bUI
don't let the price fool you, we haven't sacrificed quality
anywhere in this instrument. For more information about
the 1240 and its optional accessories, write or call today.
NESTER/FAUST MFG. CORP., Instrument Products Divi­
sion, 2401 Ogletown Road, Newark. Delaware 19711,
(302) 737·6330. In Europe, contact: Steinengraben 44,
4000 Basel, Switzerland.

High speed...self contained...easy to operate
high resolution...zero dead volume...and more





~ ... Ullratip cavitating oil In a glass pipe.

a high power ultrasonic
processing hom

with us until the last car wus gone.
I huvc seldom seen anyone more
appreciative. Ever since then, our
company has enjoyed an excellent
relutionship with his.

Work with Rue Eerths
Another pleasure to be enjoyed

by un industrial chemist is tI very
simple one, that of working with
chemieuls. The turger the com­
pany, the greater is the ehunce of
encountering u wide variety of the
less common clements and com­
pounds. When alloys of mugnesium
and the rare earth c1clllcnt~ were
being studied, our group did much
of the anulytical work. We begun
by running total rare earths as oxa­
lates, with ignition to oxides. Dif­
ferent ~otlrccs of the rare earths
were used, so that the individual
clements varied in <:onccntrntion.
If I had to do one kind of routine
analysis for the rest of my life, it
would ilwolve, preferably, the pre­
cipitation uud filtration of rar<,
curth oxalate.. While the precipi­
tates rest in the filter paper they
show such beaut.ifullv delicate
shudes of light "iolet o~ green, ac­
cording to the relati"e umounts of
neodymium or praseodymium pres­
ent. As t he work progressed we
added a determination of cerium
volumetrically, thrl1 colorimetric
methods for neodymium and pra­
!5l'odymiulll. Fillully, 'Vancil
Crummett added spectrophoto­
metric detcrminations of other cle­
ments, applying ultra,·iolet meth­
ods pioneered by H. E. Kremers of
the Lindsay Light allli Chcmieul
Co. Luter a sebaeate precipitation
wus int.roduced hy Wengert,
Walkcr, and Loucks to give more
complete reco"eries of the rare
earths tlllll to ullow sepamtions
from zirconium and thorium. We
might have profitell from flume
photometry and atomic absorbance
in those duys, had they hcen aYail­
able. Eventually, X-my fluores­
cence proved to be of greut vulue,
and now, activation nnnlysis is
showing tremendous sensiti,·it.y for
some of the elements. My points
are, it was tI pleasure to run these
analyses and to sec how the re­
snits could he correlated with the
properties of the alloys, it was a
challengiug task to modify and ex­
pund the methods, and it is still

Report for Anllyllcal Chemllts

:saYing in time. However, in cuse
of question, we would still rely on
the old chemical method.

In one case there was a fatal ac­
cident during the fumigtltion of tI

flour mill. Two of the fumigntors
died from methyl bromide exposnre
and it was later established thtlt
they harl failed to replace their gas
mask canisters following previons
fumigations. The charcoal harl be­
come satnrated with methyl bro­
mide. Nothing eonld be done for
the men, but the milling company
was in tronble. A city toxicologist
harl decided that if methyl bro­
mide killed the men it mnst also
ha"e poisoned the tremendous
amount of flour stored in the ware­
house. Therefore, he ordered an
embargo on shipments. Dow was
notified and tlsked to provide teeh­
niral assistance. Oscar Daniels llIHI

I worked all afternoon getting lah­
oratory equipment packed and pre­
paring bromide-frce hydrochloric
acid to be used in analysis of the
flour. Then, with some other com­
pany representatives, we drove
most of the night to rcach the site
of the accident. Part of the eve­
ning was taken up at the Ctlnadian
border, trying to help customs offi­
cials classify onr lab apparatus
properly; a thrcatened crisis there
was soh'ed bv the decision that
nickel crueibl~s, used for alktlline­
ashing of the flour, could be classi­
fied as kitchenware.

After less than three hours of
sleep, we went to work analyzing
the flour, at 8 A.M. Fortunately
some FDA men had been called in
tlnd they were acquaint.ed with our
ptlper on residue determinations.
On that basis, they agreed thtlt if
the residues did not exceed what
we felt to he reasonable for tin
ordinary fumigation, the flour could
he released. This was my first ex­
perience demonstrating that a pub­
lication might have tangible value.
The millers furnished us with sam­
ples of flour taken from freight cars
that hod already been loaded. As
we turned out the bromide results
and the data were favorahle, the
car would be hauled away. A vice
president of the milling company
stood hy, and his spirits rose visibly
tiS each car rolled out. We kept
working right through until 2 A.M.
the next morning, and he stayed

THE NEW
ULTRATIRT:.

APPUCATIONS:
• Ceil and tissue destruction
• Emulsification
• Accelerated Extraction

Particle Dispersion
Catalyst Activation
Polymerisatlon and free
radicals production
Degassing, etc.

UNIQUE NEW FEATURES
• Automatic impedance match­

ing with a Q-Iock switch
• Maximum probe cooling (no

fan) through the use of a
magnesium front quarter­
wave stub

• Instant and continuous pow­
er reading during probe

· operation
• Electro-acoustic efficiency

as high as 85%
• Minimum heating, extended

life under heavy duty condi­
tions

• Advanced type solid state
generator ·wlth integrated
circuitry Frequency 23-24
kHz. Average RF power out­
put 200-250 walls

• Computer designed catenol­
dal Hom

• Numerous accessories avail­
able ('hi" Microllp, Lump
Mass, etc.)

Contact:
WAVE ENERGY SYSTEMS INC.
NEWTOWN COMMONS
NEWTOWN, PA. 18940 (215) 968-3833

tiBli iii'. 115 • au....•Slnlel em
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SPECIAL REPORT I

Workshop on Mass Spectrometric Analysis of Solids

0" NOVE"UER 16 and 17, 1970,
the American Socicty for Mass

Spectrometry sponsorc'<! a Work­
shop on .\Iass Spcctrollletric Analy­
sis of Solids at the .\Icllon Institute
of Carnegie-.\Iellon Uni,·ersity.

As in previolls years, the purpose
of the Workshop was to pro"ide a
forum for the detailed discussion of
the slate-of-the-art of lhe mass
spectrometric analysis of solids.
The program emphasized spark­
sourre IUUSS spectrometry but a full
nftcrnoon session wus devoted to
microllnalysis and, in particular,
secondary ion mass spectrometry.

The first topic to be discussed,
IlGndgcts to AS.:iist the Analyst,"
was moderated by R. ,J. Guidoboni
(Kennecott Copper Corporation).
Those item:; or lot ricks of the trade"
which were thought to be of prac­
tical usc to the Illa~s spectroscopist
were described during this session.
Some of the gadgets discussed in­
cluded: a cryopump for the spark­
source, safety locks for lhe photo­
plate drulll, an automatic liquid
nitrogen filler, disposable insulators,
a mask for the remo"al of the
matrix lines and their associated
background during long exposures
on II photographic platc, deH'loping
trays, nnll 11 caHar and nEsociated.
flange:; Cor C'xtra entry ports on a
:;park-:'iOurcc.

A large variety of samplc holders
Hnd :mmpling systems were also
described at this session. Among
thesc were holders for fragile elec­
trodes, odd shaped samples, micro
:mmplcs, a sample spinner, and a
slImple holder for lin ion micro­
probe. The slimpling systems in­
chided II mini-spllrk sllmpler, an
IInxillillry electrode technique for
the analysis of insulators, and a
sampling device for small liquid
samples.

A group of gadgets which were
designed to help improve the ac­
curacy and precision of mass spec­
trographic results were also dis­
eU"ed under this topic. These in­
cluded a telescope mount for ac­
curately jlOsitioning electrodes
within the source, an electrode vi­
brator, and a rotation system. The
latter two of these have been found
to be very useful for electrical de­
tection. A movable collector for ion
detection was described. This em­
ployed dual Faraday cups to moni­
tor two masses simultaneously. A
major re"ision to a Xuclide Graf
-2 source was reported. This pro­
vided six entry ports to the source
for items such as rotary fccd­
throughs, sample manipulators, and
liquid nitrogen fccdthroughs.

The session on mass spectrometric
microanalysis (discussion leader, E.
Berkey, Westinghouse Research)
emphasized the rapidly growing ac­
tivity in the use of ion probe mass
spectrometry for the characteriza­
tion of solids. The interest dis­
played by both speakers and audi­
ence indicated that this topic ,,~ll

require increasing amounts of the
Committec's attention in coming
years, as more instruments become
available and as additional studies
continue to be made in this rapidly
growing field. Several participants
discussed the analytical capabilities
and numerous recent applications
of commercial ion probe instru­
ments. Of particular analytical im­
portance were thin film analyses,
depth profiles, and ion images of
clement distributions. Problems re­
garding the generation and inter­
pretation of meaningful datn from
UlCse instruments in view of the
numerous \'ariables inherent in the
technique were considered. The
relative newness of the instruments,

together \\;th the fact that they
arc analyzing solid microvolumes
more comprehensively than ever be­
fore possible, means that consider­
able work remains to be performed.
A report on major ion probe ac­
ti"ity in Europe was presented, cit­
ing senral major new instrument
denlopments in progress for the
suriace analysis of solids. The ana­
lytical potential of an instrument
tapable of simultaneous ion and
electron bombardment of a surface
that is under development in this
countrY was also discussed.

Se"~ral reports on important new
applications of the spark source
mass spectrometer (SSMS) were
also included in the microanalysis
session. One report described the
usc of a continuous laser to excite
and ionize noncooducting samples
both with aod without 'the presence
of au.x:iliary electrodes. Another re­
port discu..<sed use of the SSMS for
the on-lioe analysis of liquids­
i.e., sodium-aod gases-i.e., CO..­
and emphasized that the instrument·
had, in general, reached the point
where it could leave the laboratory
and begin to make contributions 00

industrial process and production
lines. Finally, a report on interest­
ing SSl\JS analyses of polywater and
a possible fragment from an un­
identified flying object was pre­
sented, ,,~th the results indicating
the presence of numerous contami­
nating clements in the former
sample and verifying the terrestrial
ori~in of the Inllcr one.

\\'. W. Harrison (Uni"ersity of
Yirginia) moderatccl a di8Cussion of
"The Spark Sourcc-:\Ionitoring
lind Control." C. W. Kimblin
IWestinghouse R ,I: D) discussed
his studies on Ole high ionization
yields in n copper arc and noted
I he possible rcle\'llllee to arc-like
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The AutoLab 6300...

now a modular family
of seven low-cost
Digital Integrators...
the first ... and only ...
full-capability,
truly modular family of
digital integrators
at a reasonable price.

Add all of the flexibility
and convenience features
of high-priced integrators,
even computer time-sharing
- and still save money.

,-;
i1.

,
;I~·i:

The AutoLab 6300 is the new way to full capa­
bility in automating your chromatograph. With digital
Integrator prices starting Bt $2200, quantitation by man­
ual or mechanical' techniques is difficult to justify. No
more peak attenuations or measurement of peak areas
... the AutoLab 6300 provides completely automatic,
attention-free GC quantitation.

Standard features on all AutoLab 6300's include adjust­
able peak detector, filtering and noise rejection, a wide
0-1000mv linear range, and automatic baseline correc­
tion. A fully. buffered output assures accurate integration
of closely spaced or unresolved peaks.

The AutoLab 6300 ACCGAOry Module adds extra con­
venience and automation to the AutoLab 6300 ... variable
Integration delay, 'self-test mode, selectable digital area
rejection to eliminate false peak printout, and function

command timer for automatic samplers or valve control.
There is even an optional visual display utilizing the new
solid-state light-emitting diodes. The Accessory Module
may be added at any time.

The AutoLab 6300T with Teletype output, coupled with
VIGAS GC data-reduction program for the time-share
terminal, provides complete automation comparable to
on-line computer systems for even the smallest labor­
atory. Simple to use and versatile in its calculation modes
and output reports, VIGAS comes at no extra cost with
the easy-to-justify AutoLab 6300/TTY package.

Match your requirements from seven models. One will
suit your particular application better than anything
else on the market ... at a lower cost. Investigate how
AutoLab can help you now. For product brochure circle
# 188 ... or call for a demonstration.

The lab automation people

-V-I I::l.A.R,. ;111 t ••1;11.
77 Ortega Avenue, Mountain View, California 94040, (415) 961-1000

VIDAR offices in Atlanta I Beverly, Mass I Chicago / Houston
Los Angeles / Mountain View / Stirling, N.J. / Washington, D.C.

In Europe: VIDAR AutoLab GmbH, 06233 Kelkheim, Frankfurter Strasse 43









chart recorder (only $635)
Model 8500 offers
quick response (0.5 sec.)
Sturdy construction ensures long op­
erating life ... simplicity of design per­
mils easy servicing. The new Mathe­
son Potentiometric Chart Recorder
Model 8500 also offers solid slate cir­
cuitry, superior linearity (O.l%) and
resolution (0.2%1. four ranges (1. 3. 5.
5000 mv. DCI. 2 speeds. (1 & 2"/min,).
Here"s sensitivity and reliability un­
eQualled by any chart recorder in its
price range.

The recorder can be used with the
Mass Flowmeter, Dyna-Blender. Chrcr
matograph or any' instrument with a 1
to 5000 ·DC millivolt output. Only
Matheson has developed compatible
systems for all gases and handling
eQuipment - completely integrated
components such as regulators.
valves, flow meters. purifiers and gen­
erators blended together to form sys­
tems that work.

For quick response on the "Quick re­
sponding" Model 8500 chart recorder.
send coupon for Engineering Report
G-123.

IIII.~..~ ......110..
E:os: RlJtherford. N. J.; Cucomongo. Col,f.:
~Ief, Mon.; Joltei. III.: La Porte. Tellos;

. Monow. Go.: Newark. Calif.: Yohlllby. On,.

.-----.----------.I__ ~P.O....... I
I -. AC471. hIlll_rt..... N. J. 971n •
I~s.nd m. Engineering RepOrt 0-123
I,N.m.....,-'--'-"-+--r-~77"---IArm'-'-.,-'-==-- _

l'Addr­
ICily ---:..::.:;.'------"---
18I"'!.:·:-~",",=_-:-'?"II.'_-:-- _
I- ~

Circle .... 121 • Ia"rat Ie"le. tari
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News

10:45 Quality Assurance in Nuclear Medicine. Tyra Hutch·
ens, University of Oregon Medical School, Portland, Ore.
97201; Wolfgang Hauser. Brookhaven National Laboratory.
Upton. N. Y. 11973; Nilo Herrera, Danbury Hospital, Dan'
bury. Conn. 06813

11:20 Radiochemical Quality Assurance Programs of the
AQCS, USPHS. Edmond Baratta. James Hardin. Analyti·
cal Quality Control Service, Bureau of Radiological Health.
P. O. Box 232. Winchester. Mass. 01890

11:45 Interiaboratory Study of 1.1:11, urCs, }l°88, -Sr. and lIO$r
Measurements In Milk, June 1970. Edmond Baratta,
Forrest Knowles. Jr.• Analytical Quality Control Service,
Bureau of Radiological Health. P. O. Box 232, Winchester,
Mass. 01890

CHEMICAL INSTRUMENTATION AWARD SYMPOSIUM
F. C. Nachod, Presiding

2:00 Structure Determination of Natural Products. Koji
Nakanishi. Columbia University, New York, N. Y. 10027

2:40 Computer Techniques Applied to Instrumental Meth·
ods. R. Venkataraghavan. Cornell University. Ithaca, N. Y.
14850

3:20 AWARD ADDRESS: Molecular Information from
Mass Spectrometry. F. W. McLafferty. Cornell University.
Ithaca. N. Y. 14850

ANALYSIS OF MICROGRAM (OR LESS) QUANTITIES
OF MATERIALS

o. P. Sandoz, Presiding

2:00 The Separation of Microgram Amounts of Lead from
a Silicate Matrix by Electrodeposition. T. J. Murphy. I. L.
Barnes. K. M. Sappenfield. W. R. Shields. Analytical Chem·
istry Div.• Institute for Materials Research. Washington,
D. C. 20236

2:30 The Mass Spectrometric Determination of Subnano'
gram Samples of Lead. I. L. 8arnes. T. J. Murphy. K. M.
Sappenfield. W. R. Shields, National Bureau of Standards.
Washington. D. C. 20236

3:00 Microminiaturization of Microchemical Tests. W. C.
McCrone. McCrone Assoc.• Inc., 493 E. 31st St., Chicago.
111.60616

3:15 Enzyme Methods for Microanalysis of Biologically
Important Substances. G. G. Guilbault. Louisiana State
University in New Orleans. New Orleans. La. 70122

SYMPOStUM ON STANDARD RADIOACTIVE MATERIALS
AND THEIR APPLICATIONS

(Joint with Division of Nuclear Chemistry and Technology)
w. S. Lyon, Presiding

2:00 Standards for Low·Level Gamma·Ray Spectrometry
of Lunar and Geochemical Samples. J. S. Eldridge, K. J.
Northcutt. G. D. O·Kelley. Oak Ridge National Laboratory.
Oak Ridge. Tenn. 37830

2:20 A Survey of Needs for Radioactivity Standards. S. A.
Reynolds, Oak Ridge National Laboratory. P. O. Box X.
Oak Ridge. Tenn. 37830

2:45 National Uses and Needs for Standard Radioactive
Materials. Lloyd Zumwalt. Dept. of Nuclear Engineering.
North Carolina State University. P. O. Box 5636, Raleigh.
N. C. 27607

3:20 Nonpolsson Distributions Observed during Counting
of Certain Carbon·14 Labeled Organic (Sub)monolayers.
J. L. Anderson, 542 Union Ave.• New Providence. N. J.
07974

Tuesday. March 30

Tuesday Morning

THE RELEVANCE OF TRACE ANALYSIS IN 1971

(Fisher Award Symposium in Honor of George H. Morrison)
w. W. Mlenke. Presiding

9:00 The Relevance of Trace Analysis In 1971: Introduc­
tion. W. W. Meinke

9:05 Trace Analysis in Industry Today. P. F. Kane. TexBs
Instruments. Inc., P. O. Box 5963. MIS 147. Dallas. Tex.
75222

9:35 The Relevance of Trace Analysis. J. D. Wlnefordner,
University of Florida. Gainesville. Fla. 32601









NOW...

CONVENIENT

PUSH·BUTTON

WEIGHING
•

arrestment and beam
release mechanism
fully automatic

Three new balances bave been added to the popular
Sartorius Series 2400 line; however, in place of a lever,
you arrest and release Models 2472, 2474 and 2492 by
pushing a button. This causes a small motor to activate
the arrestment system, guaranteeing the smoothest possi·
ble weighing technique. Since accidental "jarring" can't
occur, chipped knife edges are impossible.

Pre-weighing is also activated by pushing a button.
A single optical scale provides both coarse and fine
readings - first in grams, then in milligrams. When a
sample is placed on the pan, the coarse weight (to the
nearest gram) is instantly shown. This completely elim­
inates trial and error weight dialing, allowing any sam­
ple size to be weighed in less than 15 seconds. Result:
weighing lime is reduced up 10 80%.

Taramatic, Sartorius' exclusive mechanical taring
system, is employed by these' new balances, permitting
adjustment to zerO 'over the full optical range.

Convenient, push-bulton weighing is another step
forward in automatic. weighing. A.k U$ for de/ails.

SPECIFICATIONS AND PRICES

Cot. No. B·1 J79XA B-1 J79XB B·1J79·10X
Model No. 2.72 247.- 2..92

Type. Analytical Semi-Micro Analytical

Weighing Capacity ... 200 9 160 9 200 9
Taring Ranges:

Taring in optical range ... 1 • 100 '"g 1 •
Mechanical taring to zero

(Separate set of weight
caunten) . 200 9

Optical Range. 1 • 100 mg '.One Optical Division. 10 mg 1 m. 10 mg
One Micrometer Division. 0.1 mg 0.01 mg 0.1 mg

IDigital readability)
Precision (Standard

deviation) ...................... ::!.. 0.05 m9 :to.OJ m9 :::0.05 mg
Accuracy in Optical Range. ±0.05 mg ±0.01 m9 ±0.05 mgo
Pre·Weighing Ranges:

Direct ... 100 9 10. 100.
By dialing buill-in

100 9 weight. 200 g 200 9

Price ... $950.00 $1,050.00 $1.050.00

~~:IE:NorJ:FJ:C ~--c:::i L .A. S S
~""" F F.A. R .A.. or U S
~c::=. %~C:.
BLOOMFIELD, NEW JERSEY

LABORATORY;
• APPARATUS
• INSTRUMENTS,'
•. CHEMICALS
• GLASSWAR'E'

Branches:
Boston'
Mass.

Danbury
Conn.

Elk Groye Village Fullerton Philadelphia
III. Calif. Penna.

Circle N,. 151 ,. RUOn' Serlin Cud

Silver Spring
Md.

Syracuse
N. Y,
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11:30 Aft.r Forty Y.ars In the Dlthlzon. WIId.m.... I. the
Proml••d und In Sighl? A New Look at an Old Colorlmet·
ric R.ag.nt for H.avy M.lal.. D. G. Hick•• Georgia Slat.
Unlv.rsity. Atlanta. Ga. 31303

Thursday Afternoon

DETERMINATION OF AIR QUAUTY
w. D. Shults, P,••ldln.

2:00 Sulfur Dloxld. vs. Tolal Gaseou. Sulfur Compound.
In Los Ang.I.s-An Evaluation of N.w Air Pollution Moni­
tors. R. K. Stevens. National Air Pollution Control Admin'
istration. Ral.igh. N. C.; L. F. Ballard, C. E. Decker, RIT.
Research Triangle Park. N. C. 27709

2:35 Ozone·to·Tolal Oxidant. R.latlonshlp. In Los Angel••
-An Evaluation of New Air Pollution Monitors. J. A.
Hodgeson, R. K. Stevens, National Air Pollution Control
Administration, Raleigh, N. C. 27609

2:55 Comparison 01 M.thod. for th. Det.rmlnatlon of
Nltrat. through Reduction. C. R. Sawicki. Wing Q. Rm.
301, Research Triangle Park. N. C. 27709; F. Scaringelli.
3820 Merton Dr.• Raleigh. N. C. 27609

3:30 Photometric Det.rmlnatlon 01 Polyph.nols In Par­
tlculat. Matt.r. E. Sawicki. M. Guyer. Wing Q, Rm. 301.
Research Triangle Park. N. C. 27709

3:50 The D.t.rmlnatlon of Trac. Melals In Air. P. W.
West. Coates Chemical labs. louisiana State University,
Baton Rouge, La. 70803

4:20 An Evaluation 01 Atomic Absorption and Flame Emls·
sion Spectrometry lor Air Pollution Analysis. T. C. Rains.
T. A. Rush, Oscar Menis, National Bureau of Standards.
Washington. D. C. 20234

SYMPOSIUM ON NUCLEAR TECHNIQUES IN
ENVIRONMENTAL SCIENCES

(Joint with Divisions of Water, Air, and Waste Chemistry and
Nuclear Chemistry and Technology)

J. W. Winchester, Pruldinl

2:05 Alpha Backscatterlng Sensor for Nitrogen and Phos·
phorus Compounds in Natural and Waste Waters. John
Rasmussen, Jr.. Yale University, New Haven, Conn. 06520.
Richard Rasmussen. Space Vector Corp.• 7033 Canoga
Ave.• Canoga Park. Calif. 91303

2:30 Multielement Analysis 01 Natural Water by N.utron
Activation, Group Chemical Separations, and Gamma·Ray
Spectrometric Techniques. T. M. Tanner, l. A. Rancitelli,
W. A. Haller. Battelle-Northwest. P. O. Box 999. Richland.
Wash. 99352

2:55 The Application 01 Neutron Activation Analysis to
Environmental Problems in the Great Lakes. David Edg·
ington. Morris Wahlgren, Radiological Physics and Chern'
istry Div.• ~rgonne National Laboratory, Argonne, Ill. 60439

3:30 Nondestructive N,utron Activation Analysis 01 En­
vironmental Samples, Richard Copeland. Environmental
Research Group. P. O. Box 322. Ann Arbor. Mich. 48107

3:55 Elemental Abundances 01 Streams Exposed to Strip
Mine Runoff. James Vogt, David McKown, Michael Kay,
University of Missouri. Research Reactor Facility. Colum·
bia. Mo. 65201

4:20 Specific Activity Profiles 01 S.lected Fallout Radlo­
nuclides in Whole Trees-Mechanisms of Uptake and
Translocation. Irving Russell, Shieh·lieh Fang, Boston
College. Chestnut Hill. Mass. 02167

GENERAL
J. E. Paterson. Presiding

2:05 An Automated Platinum Loop sampling System for
Flameless Atomic Absorption and Atomic Ruorescence
Spectroscopy. S. R. Crouch. S. R. Goode, Michigan State
University, East Lansing. Mich. 48823

2:25 Precision Analysis 01 Rh.nlum by Th.rmal Activation
Analysis. H. A. Braier, E. G. Miller, Gulf Research & De·
velopment Co.• P. O. Box 2038. Pittsburgh. Pa. 15230

2:35 Neutron Activation Analysis Flng.rprintlng 01 Obsld·
Ian Artlf.cts. D. J. R. Evans. AECL·CP. P. O. Box 3100,
Station C, Ottawa, Ontario, Canada; R. Wilmeth, National
Museum of Man, Archaeology Oiv., Bells Corners, Ottawa,
Ontario, Canada

-
2:55 Id.ntlficatlon by Nmr of Aromatic Acid and Amine

Unknown. In Human Urine. Katherin. Scott. Dept. of
Radiology and Chemistry. University of Florida. Gainesville,
Fla. 32601

3:15 X·Ray Mlcroanaly.ls of Wat.r Uslng EIectnlchemlcal
Preconc.ntratlon. B. H. Vassos. R. F. Hirsch. Seton Hall
University, South Orang., N. J. 07079; H.rbert Lett.rman.
Bristol-Myers Products. Hlllsld•• N_ J. 07205

3:35 Raman Spectroscopic Analysis of the Cis/Tran.
lsom.r Composition of Edible Vegetabl. 011.. G. F. Bailey.
R. J. Horvat. Western Regional R.search Labs. U. S. D.­
partment 01 AgriCUlture. Albany, Calif. 94710

3:50 Spectrophotom.trIc Determination of Micro Amounts
01 Ascorbic Acid U.lng F.rrozln.. Bruno Jaseliskls. J.
Nelapathy. S. J., Loyola University. Chicago. III. 60626

4:05 Loss 01 Gold In sampl. Dissolution. H. A. Moore.
Jr.• R. A. Wessman. Technical services Dept.. Trapelo/
West. Div. LFE Corp., 2030 Wright Ave.• Richmond. Calli.
94804

Friday April 2

Friday Morning

DETERMINATION OF AIR QUALITY
w. D. Shults. Presiding

9:05 The Actlvltl.s 01 the Int.rsoclety Committee on Man­
ual 01 Methods lor Ambient Air Sampling and Analysl••
A. C. Stern. Dept. of Environmental SCiences and Engi·
neering. University of North carolina, Chapel Hili, N. C.
27514

9:35 Th. Status of sensory Method. for Ambl.nt Air
Monitoring. E. R. Hendrickson, Environmental Engineer­
ing. Inc.. 2324 S.W. 34th St.• Gainesville. Fla. 32601

9:55 Interlacing Chemical and sensory Sclenc.. In Odor·
ous Pollution Measurements. Andrew Oravnieks, liT Re­
search Institute. 10 W. 35th St., Chicago. III. 60616

10:25 Analysis of the A.rocarclnogen Conglomerate. E_
Sawicki. Wing Q. Rm. 301. Research Triangle Park, N. C.
27709

10:55 Studies 01 Aggresslv. Chemicals Adsorbed on Smoke
Particulates by Photoelectron Spectroscopy. L. D. Hulett.
T. A. Carlson. J. L. Durham, B. R. Fish, Oak Ridge National
Laboratory. Oak Ridge. Tenn. 37830

11:15 Microwave Spectrom.try a. an Air Pollutant Analysl.
Method. E. A. Rinehart. Physics Dept., Universrty of
Wyoming. Laramie. Wyo. 82070

11:40 Biological Degradation 01 Toxic Pollutants. G. G.
Guilbault, S. S. Kuao. M. H. Sadar, W. Hussein. S. Hsiung,
Louisiana State University. New Orleans, La. 70122

GENERAL
J. S. Juvet. Jr.. Presiding

9:05 Determination of the Chromium Content of lunar
samples by Gas·L1quld Chromatography. W. R. Woll. R. E.
Sievers. Aerospace Research Labs, Wright·Patterson AFB.
Ohio 45433; W. D. Ross. Monsanto Research Corp., Day·
ton, Ohio 45407

9:20 Ultralrace Analysis lor Beryllium In Apollo 11 and
12 Lunar Samples by Gas Chromatography. K. J. Eisen'
traut, D. G. Johnson, M. F. Richardson, R. E. Sievers.
Aerospace Research Labs. Wright·Patterson AfB, Ohio
45433

9:35 The Achievement and Musurement of Fast Tern·
perature-Rise Times In Pyrolysl. Ga. Chromatography
(Pgc). R. L. Levy. C. J. Wall. McDonnell Douglas R.search
Labs. SI. Louis, Mo. 63166

9:55 Factors Affecting the user Pyroly.l. of Polymers.
D. L. Fanter. R. L. Levy, C. J. Wall. McDonnell Douglas
Research Labs. St. Louis. Mo. 63166

10:15 Improved Solid Supports for Gas Chromatography.
R. D. Schwartz. R. G. Mathews. P.nnzoil United, Inc.•
Shreveport. La. 71102

10:35 Th. Mechanical De.ul'urizatlon of Coal-Major Con·
sld.rations for SO,·Emlsslon Control. L. Hoffman, K. E.
Yeager. Mitre Corp.. 1820 Dolley Madison Blvd .• McL.an.
Va. 22101

11:05 A Gas Chromatographic M.thod for the Mlc~'
minatlon 01 Iodin.. R. A. Hasty. Montana Stat. Univ.rslty.
Bozeman. Mont. 59715
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l\1nn\' other sessions nrc included and
one of ~pecial interest also to analytical
chemists is on environmental control.
Prospective 3uthors should request n
ropy of UInstructions to Authors" from
the techniC-'ll program chairman, l\1artin
Y. Silberberg, P. O. Box 11337, Palo
Alto, Calif. 94306. The deadline for
papers in all sessions is Apr. 1, 1971.

Symposium on Molelcular
Structure and Spectroscopy

The 26th Annual Symposium on
Moleeular Structure and Spectroscopy
will be held June 14 to 18, 1971, at Ohio
State University, Columbus, Ohio. In­
vited papers ineludc the following:
Photoionization Studies of Small Mole­
cules by W. A. Chupka, Argonnc Na­
tional Laboratory; Spectra and Inter­
molecular Forces in Crystals by David
Dows, University of Southern Califor­
nia; Moleeular Zeeman Effect and thc
Measurement of Magnetic Susceptibili­
ties and Molecular Quadrupole Mo­
ments by W. H. Flygarc, University of
Illinois; Rotation-Electronic Interac­
tion in the Rydberg States of Simple
Molecules by J. W. C. Johns, National
Rcscnrch Council, Canada; Spectro­
scopic Studies of the Outer Planets. by
Tobias Owen, State University of New
York at Stony Brook; and a paper
'(title to be announced) by W. Klem­
perer, Harvard University.

Sessions of contributed papers with
the following titles are planned: eJec-

Participants in the January Northeastern ACS Meeting included (left to right): Denis
L. Rousseau, Bell Telephone laboratories, Murray Hill. N. J.; S. Barry Brummer, Tyeo
Laboratories, Waltham, Mass.: E. F. Levy, Chairman of the Northeastern Section,
ACS; and James N. Little, President of the Analytical Group, Waters Assoc. Or.
Rousseau and Dr. Brummer were the speakers on the topic "Polywater or Poly ... ?
A Controversy." Dr. Rousseau took the con side and Or. Brummer the pro. The
Analytical Group was cosponsor of the meeting

JCC Session on Laboratory
Automation

Laboratory automation is the topic
for a special session planned for the
1971 Fall Joint Computer Conferencc
to be held in Las Vegas, Nev., Nov. 15
to 18, 1971. Thc primary thcme of thc
conference is the usc of computers to
improve the quality of life.

Original papers illustrating applica­
tions in chemistry and related areas are
being solicited for the session, "Systems
and Concepts for Laboratory Automa­
tion." This session is being designed to
provide a forum for the dissemination
of methods and techniques now avail­
able and to stimulate new develop­
ments. Those wishing to submit pa­
pers should first contact either of
the session cochairmen: Leonard H.
Ponder, American Enka, Enka, N. C.
28728, 704-667-6961, or David L.
Schroeder, On-Line Systems, 4721 Mc­
Knight Rd., Pittsburgh, Pa. 15237,412-

0931-7600
The Joint Computer Conferences arc

held twice a year under the sponsorship
of the American Federation of Informa­
tion Processing Societies (AFIPS) and
encompass the entire information pro­
cessing field. By including this special
session, an opportunity is provided to
gain an overall view of computer tech­
nology 88 well 88 specifics in areas of
particular inlerest. Exhibits will por­
tray the impact of modern computer
technology in many field...

WESCAN
INnlll.ltlTS. IMC.

w

• Starts and stops automatically ­
whether flow lime is 10 setDI1ds or
1000 seconds

• Accurate to .02% ±.Ol seconds with
both rising and falling·level vistDllle!els

For details abou.t the way the Model
220 saves time and measures more
precisely, write fOT PB 702.

The Wescan Model 220 Automatic Vis·
cosity Timer measures viscosity up to ten
times more accurately than manual
methods - while freeing the operator
for other activity, It measures flow times
up to 9999.99 seconds. at temperatures
from -75°C to lSOoC. Changes in light
reflection trigger the timer by means of
photosensors.

WESCAN INSTRUMENTS, INC.
2968 Scolt Boulevard
Santa Clara, California 95050

Circl.... 1M .. Itd.nt Se"in Cld
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New.

tronic spectra (small molecules); elec­
tronic spectra (theory); solid state
(electronic); solid state (infrared);
solid state (low temperature); micro­
wave spectra; astrophysical spectra;
Insers; chemical spectroscopy; high
resolution infrared, theory and tech­
niques; Jlmr spectra; yibrational analy­
sis; intensity studies; and others.

Further details on the meeting arc
amilable from K. Narahari Rao, Dept.
of Physics, Molecular Spectroscopy
Symposium, 174 W. 18th Ave., Ohio
State University, Columbus, Ohio 43210

Second International Conference
on Calorimetry and
Thermodynamics

The Second International Conference
on Calorimetry and Thermodynamics
(26th Annual Calorimetry Conferencc)
will be held at the University of Maine,
Orono, Me., July 12 to 14, 1971. This
meeting will be sponsored by the Calo­
rimetry Conference (USA) and the
Commission on Thermodynamics and
Thermochemistry of the International
Union of Pure and Applied Chemistry.

The conference will be concerned with
:\11 methods and techniques of calorim­
etry nnd ancilbry measurements, in­
cluding applic.'ltions in physics, chem­
istry, biochemistry, biology, and other
fields, and also with noncnlorimetric
thr'rmod\'namic studies: thermochem­
ical qu;ntilies obt.1incd from chemi­
cal equilibrium studies; vaporization
studies "(vnpor pressures, decomposition
pressures, ndsorptioll of gases, effusion
mr':lsuremcnts); noncnlorimetric studies
of thermodynamic properties in single
and mlilticomponent systems (pvt
data, compressibility, phase studies,
solubilities); thermod:rn:lmics of S'"S­

tr'ms of biochemical i~terest; thcnDo­
dynamics of liquids (mixed liquids,
ionic solutions, polyelectrolytes, etc.)
For further information write to S. R.
Gillin, University of California Radia­
tion L'lborntory, Livermore, Calif.
94550

ASTM News

The ASTlIf infrared spectral data
retrie\'nl service (Sirch) is now avail­
able on IBM 360 computers. The new
system will include the newly completed
14th supplement of 10,000 compounds
bringing the total infrared spectral data
bank to over 102,000 compounds. Sep­
arate tapes for the 14th supplement are
also available. Write to R. W. Sher­
wood, ASTM, 1916 Race St., Philadel­
phia, Pa. 19103. 215-569-4200

The Unspoiler.

Too bad. Set up a gas chromatography system,
develop a proper technique and then spoil it with
a leaky system. For as little as $310.00 the
GOW-MAC Gas Leak Detector will find the leaks in
your system and make your chromatography more
accurate. Cordless, portable and equipped with a
self-contained rechargeable battery and charger, or
line operated, the GOW-MAC pin points leaks of
inert, combustible, light or heavy gases in hot or
cold pressurized systems and in hard to reach test
points through use of a stabilized thermal conduc­
tivity cell and a self-contained solid·state amplifier.
Signals audibly or visually. Single knob for null bal­
ance makes operation simple. Sensitivity is 10·cc
at atmosphere/ second of Helium. For Helium or
Hydrogen it sees 10ppm of gas in static systems.
Selected by the United States Navy for testing un­
derwater equipment, the GOW·MAC Gas Leak De­
tector can help you stop spoiling your accuracy and
eliminate costly and dangerous gas leaks in your
lab. For catalog and prices, write or call collect.

GOW MAC INSTRUMENT CO.

100 Kings Road _ Madison, N. J. 07940 U.S.A. _ Telephone 201/377-3450
Shannon Free Airport, Shannon Ireland

tinle ••. lS ......tn· S'nie. CIr_
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Autom.'il; proportioning Ktion accur.t.ly
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ELEMENTS
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News

Scheduled Courses in Analytical Techniques

Information is given in the following order: date, name at course, location of
course, professional person(s) in charge of course, and/or sponsoring organizations,
and Contact (numbers in parentheses refer to addresses and telephone numbers
given at the bottom of the list of scheduled courses).

Mar. 15 to 16-Semlnar/Workshop on Specific Ion Electrodes. Cambridge, Mass.
Contact: Orion Research, Inc., 11 Blackstone St., Cambridge, Mass. 02139.
617·864·5400

Msr. 15 to 19-1ndustrial Use of the Polarizing Microscope. Chicago, III. McCrone
Research Institute. Contact (1)

Mar. 15 to 19-Laser Applications. Washington University. Includes sessions on
laser monitoring of the environment. Contact: Div. of Continuing Education.
Box 1048, Washington University, St. Louis, Mo. 63130. 314·863·0100, ext. 4530

Msr. 17 to 19-5mall Computer Applications and Interfacing. Reston, Va. Can·
tact: Donaldson Brown Center for Continuing Education, Virginia Polytechnic
Institute and State University, Ext. Div., Blacksburg, Va. 24061. 703·552·8322

Mar. 17 to 19-Thermal Analysis: Dlfferentlsl Scanning Calorimetry, Thermogravl·
metric Analysis, Thermochemical Analysis. Norwalk, Conn. Perkin·Elmer. Con·
tact (8)

Msr. 19 to 2O---Atomlc Absorption Spectroscopy. New York City. T. C. Rains, J. A.
Dean. G. D. Christian. ACS. Contact (2)

Mar. 22 to 23-Atomlc Absorpllon Spectroscopy. Norwalk, Conn. Perkin·Elmer.
Contact (8)

Mar. 22 to 24-Fourier Transform Spectroscopy. Philadelphia. Pa. Sadtler Re·
search. Contact (3)

Mar. 22 to 24-Nuclear Magnetic Resonance. Philadelphia, Pa. Sadtler Research.
Contact (3)

Mar. 25 to 26--luminescence Spectroscopy. Norwalk. Conn. T. J. Porro, Perkin·
Elmer. Contact (8)

Mar. 29 to 31-0ata Communications Systems. Williamsburg, Va. Introductory
seminar to orient a potential user for on-line, real time, or other system. Con­
tact: Registrar, The Institute for Advanced Technology, Control Data Corp., 5272
River Rd., Washington, D. C. 20016. 301·652·2268, ext. 245

Mar. 29 to Apr. I-Electronics for Chemists. Philadelphia, Pa. Sadtler Research.
Contact (3)

Mar. 29 to Apr. 2-Princlples of Color Technology. Rensselaer Polytechnic Insti·
tute, Troy, N. Y. F. W. Billmeyer, Jr., Max Saltzman. Contact (4)

Mar. 29 to Apr. 2-Photomlcrography. london. England. McCrone Research Insti-
tute. Contact (1)

Apr. 5 to 6---Color Technology. Raleigh, N. C. Diana Corp. Contact (5)
Apr. 8 to 9-Color Technology. Washington, D. C. Diana Corp. Contact (5)
Apr. 19 to 21-Nmr Workshop. Philadelphia, Pa. Sadtler Research. Contact (3)
Apr. 19 to 23-Nondestruetive Testing. Metals Park. Ohio. Metals Engineering

Institute. Contact (6)
Apr. 19 to 23--lndustrial Use of the Polarizing Microscope. London, England. Mc·

Crone Research Institute_ Contact (1)
Apr. 19 to 23-lnfrared. Chicago, III. Philadelphia, Pa. Sad!ler Research. Can·

tact (3)
Apr. 26 to 27-Thermoanslysis. Philadelphia, Pa. Sadlier Research. Contact (3)
Apr. 26 to 3ll--Gas Chromatography. Philadelphia, Pa. Sadlier Research. Can·

tact (3)
Apr. 26 to 3G-Metallographic Techniques. Metals Park, Ohio. Metals Engineering

Institute. Contact (6)
Apr. 27 to 2a-Thlrd Symposium on Materials Characterization by Thermal Methods.

Wilmington. Del. Contact: E. I. du Pont de Nemours & Co., Instrument Products
Div., Materials Characterization Symposium, Wilmington. Del. 19898

1000C (2000Fj Mod.,L:I· $3$321.50

nnc 1215Of) Modo! $339.50

Write forfa Catalog

THEAMOLYNE
SY8RON CORP0R4TION

2555 KERPER BLVD.

DUBUQUE, IOWA 52001

CI,el••t. 177 • /tault,,' .,rrle. Cull

Electron Microscopy and
Analysis Group

The Electron Microscopy and Analy­
sis Group of Thc Institute of Physics
and The Physical Society is arranging
a meeting to mark the 25th anniversary
o( the fonnation of the Group in Ox­
ford, 1946. The meeting will be held
in Cambridge, June 29 through July 1,
1971, and is intended to present the cur­
rent state of thc art in all the subjects
of interest to the Group. Both invited
spenkers nnd contributed pnpers will be

included. The program will cover the
following arras: elect ron-specimen in·
tcraction in transmission, scanning, and
probe :malysis; electron optical iTlstru~

mentation; electron lenses and J?;UtlS;

quantitative applications and tncn..,urc­
ment in electron beam systems; Fourier
optics; contrast in hoth hiological and
nonbiolo~icnl specimens imaged under n
variety of conditions; ion optics and
ion microscopy; applications showinJ/;
physical principles in metals, materials,
biolo,:?;icnl, and ph)'tiicnl invcstip;ntions.
Further information on the meeting is
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Apr. 3o-Forenllc Appll..tlonl In Scanning Electron MIcroIcopy Chi.. 0 III
Contact: Milton E. Nelson, liT Research Institute 10 W 35th St Chlcagg~ III'
60616. 312·225·9630 ' . ., ,.

May 3 to .7-Two Separate Course., Infrared, Part I; Mall Spectrometry Phila-
delphia, Pa. Sadtler Research. Contact (3) •

May 3 to 7-Metallographlc Interpretation. Metals Park Ohio. Metals Engineer-
Ing Institute. Contact (6) ,

May 13 to 1~lor Technology. Manchester, England. Olano Corp. Contact (5)
May 17 to 18-Color Technology. Milan, Italy. Diano Corp. Contact (5)
Malo~~a~~ (~~-AdVanCed Microscopy. Chicago, III. McCrone Resaarch Institute.

May 17 to 21-Two Separate Coursel: Thin Layer Chromatography; Laboratory
Management. Philadelphia, Pa. Sadtler Research. Contact (3) ,

May 20 to 21--Color Technology. Frankfurt, Germany. Olano Corp. Contact (5)
June 7 to ll-Two Separate Coursas: Gal Chromatography; Infrared Part II

Philadelphia, Pa. Sadtler Research. Contact (3) , , •

JU~:c~ (tf) ll-Photomlcrography. Chicago, III. McCrone Research Institute. Can.

June 7 to ll-Advanced Electron MlcrolCopy. Philadelphia Pa. Contact: William
C. Cohen, Continuing Engineering Studies. University' of Pennsylvania 295
Towne Bldg.. Philadelphia, Pa. 19104. 215·594·B574 '

Jun~ 7 to 18--Modern X-Ray Spectrometry. Albany, N. Y. Contact: Henry Ches'
~;~.,Sl~~~n~~~~~.'72~b~ew York at Albany, Dept. of Physics, 1400 Washington

June 9 to 26-0lgltal Computers In Cheml..1 Instrumentation. Purdue University.
~~~~a6~: A,Sj:~. Perone, Chemistry Dept., Purdue University, Lafayelte, Ind. 47907.

June 14to 18--lndustrial Use of the Polarizing Microscope. Chicago, III. McCrone
Research Institute. Contact (1)

June 17 to IB--color Technology. Montreal, Conada. Diana Corp. Contact (5)
June 21 to 25--Metallographlc Techniques. Metals Park, Ohio. Metals Engineering

Institute. Contact (6)
June 21 to 25--ldentlfi..tlon of Small Particles. Chicago, III. McCrone Resaarch

Institute. Contact (1)
June 21 to 25--Two Separate Coursas: Infrared, Part I; Nuclear Magnetic R......

nance. Philadelphia, Pa. Sadtler Research. Contact (3)
June 21 to July 2-5peclal Summer Program In Infrared Spectroscopy. MIT. R. C.

Lord, D. W. Mayo. Contact (7)
June 26 to July 17-Dlgltal and Analog Electronics for Sclentlats. University of

Illinois, Urbana, Ill. Contact: H. V. Malmstadt, University of Illinois, Urbana, III.
61B01. 217·333-3120

July 12 to 16-Enzymes and Their Use In Analysis and Cllnl..1 Diagnosis. MIT.
Contact (7)

July 12 to 16-Principles of Color Technology. Rensselaer Polytechnic Institute,
Troy, N. Y. F. W. Billmeyer, Jr., Max Saltzman. Contact (4)

July 12 to 16-X·Ray Techniques In the Industrial Laboratory. London, England.
McCrone Research. Contact (1)

(1) Mrs. Miriam fallert. Registrar, McCrone Research Institute, "51 E. 31st St, Chic_CO, III.
60616. 312·842·7105

(2) Education Office, American Chemical Society, 1155 16th St., N_W., W••hlnKion, D. C. 20036­
202-737·3337. ext. 258

(3) Sadlier Educational Di..... SadUer Research laboratories, Inc., 3316 Sprina Garden St, Phil.·
delphia, Pa. 19104. 215-382·7800

(4) Office of Continuing Studies, Renssel.er Polytechnic Institute. Troy, N. Y. 12181
(5) Diano Corp., P. O. Box 231, 132 Central St., Foxboro, Mass. 02035. 617-543-5383
(6) William M. Mueller, Director of Education, ASM, Metals Park. Ohio 44073. 216-338-5151
(7) Director of the Summer Session. Room E19·356, Massachusetts Institute of TechnololY,

Cambridge, Mass. 02139
(8) J. l. Bernard, Supervisor, Customer Tralnlna Dept., Mall Station 104, Perkln-EJm.r Corp.,

Norwalk. Conn. 06852. 203·762-46«

lW:lilnolc from the l\Iectings Officer,
The Institute of Physics and The Physi­
cal Society, 47 Belgrave Sq., London
SIYI, England. 01-235-6111

Denver Conference on X-Ray
Analysis Applications

The 20th Annual Denver Conference
on Applications of X-RAy Analysis
will be held Aug. 11 to 13, 1971, at the
Albany Hotel, Denver, Colo. Technical
papers on subjeets related to X-rays
and thcir applications will be presented

during the 3-<1ay meeting. The em­
phasis this year will be on instrumenta­
tion as applied to diffraction, fluores­
cence, microprobe, and other related
techniques, including developments in
automation. Also, general papers on
other aspects of X-ray analysis are in­
vited. Abstracts of papers (three cop­
ies, about 300 words) should be sent
before Apr. IS, 1971, to C. O. Ruud,
Conference Cochainnan, Dept. of Met­
allurgy and Materials Science, Univer­
sity of Denver, Denver, Colo. 80210.
Final manuscripts are due July 16, 1971.

this instrument
can make
the gradient
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FOR
CHROMATOGRAPHIC ELUTION
OR FILLING ZONAL ROTORS

With a capacity of 3200 mllhr, the
Model 380 DIALAGRAD Programmed
Gradient Pump is especially suited
for fillin!! zonal rotors as well as form­
ing liqUId chromatographic elution
gradients and similar applications.
Almost any two component gradient
can be formed by simply setting a
series of dials. There are no cams to
cut or multiple solutions to mix at
estimated concentrations. The shape
of the curve is determined by setting
eleven 0 to 100% dials which repre­
sent the initial, final, and nine evenly
spaced interrnediateratios.Thisgives
10 program intervals, each of which
are automatically subdivided by five
linear interpolations to produce a
smooth gradient.

Calibrated flow rates from 1 to
3200 mllhr and program durations
from 5 minutes to 16 days are set
with positive stop switches. The
DIALAGRAD will produce linear or
curved gradients with equal
accuracy and the program will be
perfectly reproducible run after run.
The instrument takes but a few
minutes to program and requires no
attention during a program run.

For more information, please re­
quest Brochure DP31.

..)I INSTRUMENTATION
~ SPECIALTIES COMPANY

4700 SUPERIOR UNCOUt, IUIIRASM 68504
PHONE (402) 434·0231 1D1X 41-6453
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Mar. 18

DlreCIOry 1- CALENDAR DF EVENTS

ol~~ 1--------A-Ith--ln-te-m-atJo-n-a-I-Ex-h-lb-ltf-o-n-o-f-l-nd-u-Ilrla--I-El-ectro--n-I-cs-.-Ba-s-el,

~~ Mar. 9 Switzerland. Includes speciel group display for medical sci·

Or'dU'I' t~0_al_r3._1_1 I_--:,....::en::.c::e.=c_o.:...n::ta~c-:-t::::-se::..k_r:-et-:a-::ria:;t::;I:;:N::E;-L7;;1::, ::C::H:::;-4=-OOO~,:-;;Ba::s~e;;;I, :;:S:;:W::;lt.zerland. Page 72 A, Nov.

Symposium on Advanced Analytical Concepts for the Clinical
Laboratory. Oak Ridge, Tenn. Contacl: Dr. Charles D.

R's' ,reb t_O_l_2 I_--:~s~~tt~,~0~RN~L,~P~.~0~.B~0~X~x~,~0~a~kR~id~ge::,~T~e~nn=.=3~7~~0~.~=61=5~~~.8611, ext. 3·6265. Page 73 A, Nov.

Conference on Effectfveness of On·Llne Biomedical Computfng.
International Hote'. Los Angeles. Includes session relating

11
1

1~
tM_o_a~r~._1_6 I_-,--t:.:O:,C:.:I.:...in:.ic::a::I_la_bo-:-ra_t-:O_ri-:es-;.;-c;-0-;:n~ta;;c;::t::: :;::M::._J-;:.;::M::I::II::;e;::r'-;AA::-M--;I:;;.::9_6;-;;50Rockville Pike, 8ethesda, Md. 20014. 201·530·2800. Page

72 A, Dec.

American Microchemical Society Meeting. Ramada Inn, Rte. 18,
Exit 9, N. J. Turnpike. Speaker. Roland S. Yunghans, "Pol·
lution Control." Contact: Louis M. Brancone, Lederle lab­
oratories Div., American Cyanamid Co., Pearl River, N. Y.
10965. 914·735·5000

Coming Events

Apr. 5 to 7-Nlnth Annual Vacuum
Technology Seminar. Palo Alto, Calif.
Contact: William Mills, Varian. Vac·
uum Div., Palo Alto, Calif. 415·326·
4000

Apr. 12' to 17-Federatfon of American
Socletfes for ExperlmentAll Biology.
McCormick Place, Chicago, Iii. Can·
tact: Steven K. Herlitz, Inc., 850
Third Ave., New York, N. Y. 10022.
212-421·6900

Apr. 14 to 16-NatJonal Pollution Con·
trol Conference & Exposition. Cabo
Hall, Detroit, Mich. Contact: Bill
Reeves, 1107 S. Loop West, Houston,
Tex. 77021

Apr. 19 to 21-17th lSA Analysis In·
strumentatlon Symposium. Marriott
Motor Hotel, Houston, Tex. Contact:
G. A. McNeill, Monsanto Co., 730
Worcester Ave., Springfield, Mass.
01107

Apr. 19 to 23-1ntematJonal Solvent Ex·
traction Conference, SCI. The
Hague. The Netherlands. Contact:
ISEC '71, 14 Belgrave Sq., London,
W.W.1. England

Apr. 21 to 23-7th Annual Symposium
on V.cuum Science. Albuquerque,
N. M. Contact: D. G. Schreiner,
P. O. Box 11451, Albuquerque. N. M.
87112

Apr. 26 to 28-Advanced Thin Leyer
Chromatography and Electrophoresis
Symposium. Cherry Hill Inn, Cherry
Hill, N. J. Contact: Camag, Inc.,
2855 S. 163rd St.. New Berlin, Wis.
53151

Apr. 26 to 3G-17th Annual Meetfng
and Equipment Exposition of the In·
stItute of Envlronmentat Sciences.
Biltmore Hotel, Los Angeles. Calif.

Biennial pUblication 01 the
ACS Commillee on

Prolessional Training

Covers the universities and col­
leges in the United States and
Ganada known to offer an organ­
ized curriculum leading to the
doctoral degree in chemistry, bio­
chemistry. chemical engineering,
and pharmaceutical or medicinal
chemistry.

The guide to graduate schools,
rasaarch, and personnel in these
areas.

201 Departments of Chemistry
165 Departments ol/ering

Biochemistry
106 Departments 01 Chemical

Engineering
29 Departments of Pharmaceu-

·tical or Medicinal Chemistry

Lists 2807 full- and part-time staff
members. each with outline of
career, teaching and research
specialties, and list of publica­
tions for·the past two or five years.

Statistical data on departments
include number of Ph.D. degrees
conferred during the previous two
years, number of staff 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
paperbound (1970) $10.00
postpaid in U.S., plus 50 cents·
Canada and Pan America, plus 75
cents foreign.

Order from:
Special lasue Sales

American Chemical Society
1155 SIxteenth St, N.W.
Washington. D. C. 20036

Mar. 28
to Apr. 2

Mar. 29
to Apr. 2

Mar. 30
to Apr. 3

161st NatJonal ACS Meeting. Los Angeles. Calif. Includes
Analytical Chemistry Division sessions. Contact: J. C. White,
Analytical Chemistry Div., ORNL, Oak Ridge, Tenn. 37830.
615-4~·8611, ext. 3·1472. Page 51 A, Mar.

Lebax International 1971. Earls Court, London, England. Can·
tact: 8evan M. Gilpin, U.T.P. Exhibitions, Ltd., 36-7 Furnival
St., London, EC4A, England. 01-405-4886. Page 86 A, Feb.

The Chemical Society and Royal Institute of Chemistry Joint
Annual Meeting. 8righton, England. Contact: John F. Glb·
son, The Chemical Society, Burlington House. London, WIV
OBN, England

Includes topics on data acquisition
and reduction and instruments for
environmental measurements. Con·
tact: Institute of Environmental Sci·
ences, 940 E. Northwest Hwy., Mt.
Prospect, III. 60056. 312·255·1561.
Page 74 A, Nov.

Apr. 27 to 29-Fourth Annual scanning
Electron Microscopy Symposium.
Chicago, III. Contact: Dr. Om Jo·
hari. Metals Div., liT Research In­
stitute, 10 W. 35th St.. Chicago. III.
60616. 312·225·9630, ext. 4843.
Page 73 A, Nov.

Apr. 30 to May 3-Metro Chem '71.
San Juan, Puerto Rico. Contact: Or.
G. Ewing, Dept. of Chemistry, seton
Hall University, South Orange. N. J.
07079. Page 67 A, Oct.

May 2 to 7-19th Annual Conference
on Mass SpectrometrY and Allied
Topics. Regency Hyatt House Hotel,
Atlanta, Ga. Contact: F. E. Saal·
feld, Naval Research Laboratory,
Code 6110, Washington. D. C. 20390.
Page 72 A, Dec.

May 9 to 1_lectrochemlcal Society
National Meeting. Sheraton·Park Ho·
tel, Washington, D. C. Contact:
Electrochemical Society, 30 E. 42nd
St., New York, N. Y. 10017. 212­
867-4430

MaMtto ~:t.iD~~:e~~~k~nr,M~~~~~1:r.
N. Y. Contact: John A. Reffner/
NYMS, Institute of Material Science,
University of Connecticut. Storrs,
Conn. 06268. Page 67 A, Oct.

May 25 to 26--5th IMEKO: Sympo­
sium on Photon Detectors. Varna.
BUlgaria. Contact: IMEKO Photon
Detectors SUbcommittee, Dr. H. C. P.
Gorllch. Chairman, 69 Jena, Carl
Zeiss Platz I, East Germany
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Please send me a copy of Catalog 1124 B

Clip and mall the c~upon lor 16-page Catalog 1124 B

r------------------------------------------------------

PACKARD INBTRUMBNT COMPANY. INC.
PACKARD INBTAUM_NT INTI!RNATIONAL a.A. LTD.
2200 WA.RRENVlllE ROAD. DOWNERS GROVE. IlllNCWS ece'l5
aU••IO'AR'•• O~ AM.AC tNOU.TIII'••, INC.

• True Computer-CompaUblllty-A separate output direct from the
chromatograph provides a full-range signal for integration.

• Built-In Flow Controls-An exclusive, pressure-regulating flow controller is
part of the instrument, not an option. Provides accuracy better than 0.1%.

• Research*Qulnty Oven-A full size (7 7.4 x 7¥. x 8¥& ") oven with-a
temperature range of 30 to 400·C and stability within O.l·C.

• WideaRange Electromeler- Low system noise. linear dynamic range of more
than 200,000, and a time constant of 50 milliseconds produce clean signals
which allow full use of electronic integrators and computers.

NAME' T1TLE _

COUPANY/INSTlTUTlONI _

AOORESS, _

CITy STATE' Z1P' _

The low cost of Series 407 Chromatographs was achieved by limiting their ver­
satility, not by compromising quality. That makes them an ideal purchase for
the research lab with an urgent need to add capacity. but a limited budget.
407 Series instruments can be used to implement techniques developed on
more sophisticated chromatographs. without loss of data comparability.

Unique research instruments
priced from only $2.175.00

IPackard II
L _

ekel..... 11$ ........ SInk' c.n
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News

May 31 to June 4--Blolollcal ,,"peets
01 Electrochemletly. Rome, Itlly.
Sponsors: CITCE; IUPAC. Contact:
Prol. G. Milazzo, Istltuto Superlore dl
Sanlta, ViaIe Regina Elena, 299,
00161, Roma, Italy. Page 72 A, Nov.

June 2 to 3-Sec:ond AII-Induatry Can·
lerence on Pollution Control. Pick
Carter Hotel, Cleveland, Ohio. Can·
tact: WIlliam M. Mueller, Director 01
Education, ASM, Metals Park, Ohio
44073

June 4 to 5--Thlrd Gas Chromatos·
raphy Symposium. Hueston Woods
Lodge, near Oxford, Ohio. Sponsor:
Ohio Valley Gas Chromatography Dis·
cusslon Group. Contact: Robert
Lemieux, P. O. Box 125, Dayton,
Ohio 45402

June 7 to &-ACS Central Regional
Meeting. University 01 Cincinnati,
Contact: Joseph cantrell, Dept. 01
Chemistry, Miami University, Oxlord,
Ohio 45056. 513·529·3013

June 10 to ll_CS Great Lakes R..
glonal Meeting. Bradley University,
Peoria, III. Contact: James Van
Lanen, Hiram Walker & Sons, Inc.,
Peoria, III. 61601

June 14 to 17-lntematlonal Sympo­
sium on Identification and Measure­
ment 01 Envlronmentll Pollutents.
Ottawa, Ont., Canada. Contact: M.
K. Ward. National Research Council
01 Canada, Ottawa 7, Ontlrio. 613­
993·1421. Page 71 A, Nov.

June 14 to 1&-62nd Annual Meeting of
the American Society 01 Biological
Chemists. San Francisco, callI.
Contact: Robert A. Harte, ASBC,
9650 Rockville Pike, Bethesda, Md.
20014. Page 88 A, Feb.

June 14 to 1&-26th Annual Sympo­
sium on Molecular Structure and
Spectroscopy. Ohio State University.
Contact: K. Narahari Rao, Dept. 01
Physics, 174 W. 18th Ave., Ohio State
University, Columbus, Ohio. Page
58 A, Mar.

June 16 to 1&-24th Annual Summer
Symposium, DIvision 01 Analytical
Chemistry, ACS. NBS, Gaithersburg,
Md. Topic: Analytical Chemistry:
The Key to Progress in National Prob·
lem Areas. Contact: W. W. Meinke,
National Bureau of Standards, Wash­
ington, D. C. 20234. Page 84 A, Feb.

June 21 to 24-5th Symposium on
Temperature, Its Measurement and
Control In SCience and Industry.
Washington, D. C. Contacl: Vincent
J. Giardina, Instrument Society 01
America, 530 William Penn Pl., Pitts·
burgh, Pa. 15219. Page 71 A, Nov.

June 27 to July 1_lr Pollution Control
Association Annual Meeting. Hotel
Traymore, Atlantic City, N. J. Can·
tact: Nicholas Post, Water Pollution
Controls Inc., 160 Broadway, New
York, N. Y. 10038. 212·349·7282

June 27 to July ~STM 74th Annual
Meeting and Exposition. Challonte.
Haddon Hall, Atlantic City, N. J.
Contact: American Society lor Test.
Ing and Materials, 1916 Race St.,
Philadelphia, Pa. 19103. 215·569·
4200



Here's Perkin-Elmer's
new Model 710
Infrared Spectrophotometer:

It's a Super 700.
The spectrum below shows the
difference.

Resolution at 3000 em" is now
beller than 10 em". Resolution at
1000 em" is beller than 5 em". In
other respects, the Model 710 is the
same proven 700 you see every­
where in colleges and universities,
in industrial research and control
laboratories. Same push-button
simplicity, compactness and reli­
ability. Same choice of scan speeds.
Same unbroken chart presentation,
linear frequency recording from
4000,650 em" (2.5 to 15.4 microns).

Now, get the Model 710 at
$3,150.00 or the Model 700 at
$2,760.00. You get outstanding per­
formance both ways. Write for our
new brochure. Instrument Division,
Perkin-Elmer Corporation, 702
Main Avenue, Norwalk, Conn.
06852.

PERKIN-ELMER

650800100012001400

FREQUENCY (CM-')

2000 1800 160024002800320036004000
100 1-_-.l__--L__----L__--L-__l-_---lL-_-----l__--L__----L__..L__L----l

80

20

10 Polystyrene
Film

Cirel, ••. 141 II .UHu' S,nice C.,.
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News

Industry Items

Sadlier Research laboratories, Inc.,
3316 Spring Garden St., Philadelphia,
Pa. 19J(H, 215-382-7800, is now market­
ill~ n line of audio-visual instructional
aids relating to laboratory instrumcn­
t:\tion. The first in the series is on basic
infrared spectroscopy.

Laboratory Instrument Exchange,
Inc., 625 N. Michigan Ave., Chicago,
Ill. 60611,312-787-0800, ha., c..,.ted a
Labex Appraisal Division to· provide
low-rost tLppraisnlH of reconditioned
bbomtory equipment or computers.

Sadlier Research Laboratories, Inc.,
:1:1I6 Spring Garden St., Philadelphia,
Pa. )0104,215-382-7800, is now market­
ing a data-retrieval system "",lied IRIS.
This infrared information system (pro­
duced in conjunction with the Univer..
sity Computing Co.) offers a fast, eco­
nomicnl way to identify spectral un·
knowns. There nrc about 100,000 coded
sjJN'lra in the data base which will be
addcd to as other spectra collccted arc
roded. Multiple ''''fches, up to 25 at
olle time nrc pennittcd, helping reduce
(~osts.

Bendix Corp., Southfield, Mich.
48075,313-352-6233, has purchased sub­
~t"llitinih' all or the assets or Unico En­
vironmental Instruments. Inc., a whol­
h·-owned subsidiary of the Gelman In·
strument Co. l~ addition, certain
olher products. property, and assets or
Gelman relnted to the Unico product
line h:\\"e heen bought. The products
afC' rr!atC'd to ell\"ironment:ll hC:llth and
include instruments for the dr.tection,
:l1Ialysis, nnc! mc:tsurement of ~ases. \.:\­
pors, :tnd particul:ttcs, ns well as dC\'ices
for the s:lmplin~ and monitoring of
large \'olllmes of nir.

The Swedish scientific instmment
mnnufacluref, LKB·Produkter, which is
known in the U. S. through its subsidi­
ar;·, LKB Instruments, Inc., of Wash­
ington, D. C., has acqnired the Finnish
inst,rument company. Wallac OV. The
I:ltler firm makes automatic liquid scin­
tillation counters and automatic gamma
('OlllltCrs, ns well as other inst rumrnts
connected with isotope :tn111ysis and
radioactivity me.'lsnrcmcnts. Also, a
new LKB ~ubsidian· has becn estab-
lished in Franco. .

A new program called HELP (Honey·
well Equipment Leasing Plan) provides
for the lease or rental of electronic test­
ing, measuring, nnd recording products
marketed by Honeywell's Tcst Instm­
mallts Division in Denver. Honeywell
has also announced n 20% reduction in
repair and calibration costs for clee·
tronic test. instnunents. This service is
clllled Honeywell Plus-20.

More than 60 standalda a..llable
with compositions designed to

encomp... Federal Specltlcatlon
QQ-S-571 and ASTM

Designation: B 32.

8
Cirel•••. I .. au"n' Stnic. e.a"

WHEN YOU WANT TO BE SURE
that Yotlr ftlel stlpplies are within
prescribed limits for SULFUR

You can reI)' on sulfur values as determined by the PARR bomb
combustion method using ASTM Dl29. D271 and related standard
techniques.

All of the equipment you will need to detennine sulfur. halogens and
other elements in combustible solids and liquids is provided in the PARR
1901 Oxygen Bomb Combustion Apparatus.

Spec. 1900 gives complete details. May we send you a copy?

PARR INSTRUMENT COMPANY
211 fifty-Third St. Moline, III. 61265

Telephone (309) 762-7716

Cilel. N.. 144 .. lu"'" Slnin Cm
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BOOK REVIEWS

Undo..,.duala 'nltrumonlal Analysll.
Jamol W. Roblnlon. xvII + 379
pages. Marce' Dokker, Inc., 95
Madison Ave., New York, N. Y.
10016. 1970. $11.50

Reviewed by Robert L Pecsok, Depart·
ment of Chemistry, University of Call·
fornla, Los Angelos, Calif. 90024

With the trend to introduce instru­
mental techniques earlier in the cur­
riculum '(often in cour... for nomna­
jors), a new instrumental text at this
level is most welcome. This book "pre­
sents D. bird's eye view of the recent in­
novations in analytical cbemistry" in
simple language. Numerous applica­
tions are mentioned (without specific
references) and suggested experiments
are listed at the ends of most chapters.
However, a lab manual would be a ne­
cessity.

Three-fifths of the book covers spec­
trometry with the remaining devoted
to chromatography, thermal anslysis,

.mass spectrometry, nnd electrochemis­
try. Because of the extensive coverage
and the nntieipation that each instruc­
tor would choose among the topics, each
chapter is intended to stand alone. By
and Inrge this plnn is successful, al­
though some topics are discussed re­
peatedl)'-e.g., prisms arc discussed in
Chapters 3, 4, 6, 7, 8, and 9, but it is
not until Chapter 10 that we learn that
quarlz is birefringent and that prisms
consist of both right- and left-handed
quartz. (The LiUrow prism is not
mentioned.) Incidentally, Figure 3.2,
which is also featured on the dust
jacket., gives nn erroneous explanation
of dispersion by a prism-the incident
beam is not collimated. Nor will the
grating shown in Figure 3.4 produce a
spectrum-a single groove will not suf­
fice (dispersion is confused with reflec­
tion).

Serious errors of this sort begin on
page 2-if quantitative analysis has
been reaponsible for advances in inor­
ganic chemistry, it can't be true lhat
"NaCI was always found to contain
26.14% Na'" On page 83, the mole
ratio is confused with the mole %. All
ir absorption bands are given in mi­
orona; although wave numbers are
ahown on spectra, they are never men­
tioned. On page 242 the equation for
the number of theoretical plates is
baaed on the wrong retention time.

The aeetion on the Van Deemter (mis­
spelled throughout) Equation is simple
but erroneoU5-flow rate and velocity
are confused, two figures and several
statementa are incorrect. The explann­
tion given for frontal chromatography
is actually for displacement chroma­
tography. Skipping to the last topic,
polnrography, we rend on page 358 and
page 362 that E." = EO for metal ions
reduced to the metal. This re\~ewer

found at least 50 similar objections in­
c1uding: poor, misleading diagrams,
confusing explanations, incorrect den·
"ations, incorrect facts, unconventional
symbols, misspelled names, irrelevant
bibliography for Chapter I-not count­
ing numerous typographical errors.

Because of these shortcomings, this
book cannot be recommended in its
present version. .Nevertheless, the
st)'le, scope, and level of this book make
it attrnctive, and we can hope that the
author will produce an carly revision.

'nfrared Spoctroacopy: Exparimental
Mothods and Technlquea. James E.
Stewart. xiii + 636 pages. Marcel
Dekker, Inc., 95 Madison Ave.. New
York, N. Y. 10016. 1970. $36.50

Reviewed by Bernard J. Bu/kin, Depart·
ment of Chemistry, Hunter College, New
York, N. Y. 10021

"Infrared Spectroscopy" is a \'aluable
analyt ical tool been11..'0 one docs not
need to know very much of the mate­
rial in James Stewart's book to obtain
good results. For most routine Inbora­
tory applications of a qualitative nsture
the commercial instrument is ~rtually

foolproof. This consideration aside,
some users of instruments will alwsys
want to know the design principles,
how the instrument works, and how it
can distort spectra.

For many yenrs, sucb lore of experi­
mental infrared spectroscopy was re­
vealed only in a few articles and books,
and in a fragmented way. Thus, a
comprehensi\'c volume which is exclu·
sively devoted to electronic and optical
considerations in infrsred spectrome­
ters, containing information about sam­
pling as well, is a welcome addition to
the literature.

Written for renders at a variet,y of
levels, the book attempts to be self­
contained. It introduces basic con­
cepts in geometrical and physical op-

tics which are needed for understanding
the design and operation of infrared
instruments, then carries through the
discussion to a high level. A similar
plan is followed with the material on
electronics. Scientista with consider­
able formal training in electronics and
optics \\;11 thus find a Inrge portion of
the text superfluow, although the sec­
tions on infrared spectroscopy will still
be informative.

In writing this volume on infrared
instrumentation and techniques, the au­
thor has wisely de\'oted only limited
sp.1ce to a description of currently avail­
able commercial instrumenta. These
arc likely to disappear, while the basic
principles will still be of importance.
Because of this approneb, this book
will probably be read after many of its
recent competitors are no lODger or any
usc.

Although this volume purports to be
of interest to advanced undergraduates,
beginning graduate students, and prac­
ticing spectroscopists, it will probably
find almost all its renders in the latter
category. Each subject trented is done
in considersble depth, and this is very
likel)' of interest only to tbose working
in the field. Unless one is involved
with inrrared instnunentation OD an al­
most daily basis, either as operator,
analyst, salesman, or instroment de­
signer, the detailed discussions of in­
strument design and performance con­
tained in Stewnrt's book will not ....r­
rant attention.

For those who do have this concern.
howe,'or, the book is a gold mine of im­
portant information, literature refer­
ences, helpful hints, etc. Particularly
valuable arc the discussions of photo­
metric accuracy, transrer functions,
and spectrum distortion by instrulnen­
tal factors. A detailed study of this
material should be required reading for
an),one interested in carr)~g out quan­
titative work using commercial infra­
red instrumentation.

A weakness of the discu.saion of in­
strument paramet"", is the fact that
thc author has drawn rather heavily on
his experience wi tb a particular instru­
ment comp"ny in bis discussion. Read­
ers using other instmments \\~ll find it
diffienlt to set their instruments accord­
ing to the scheme proposed in this te:<t,
although the scheme itself is sound.

A minor criticism of this book is the
extensive use or wavelengths, in mi-
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ANALYZE
THESE BOOKS FROM

HRW
PRINCIPLES OF INSTRUMENTAL ANALYSIS
By Douglas A. SkOOSl, Stanford Univ., and Donald M. Welt, Son Jose State College
This text. designed for undergraduate students. provides an introduction to the instru­
mental methods basic to modern scientific research and technology. Throughout the
text, the emphasis Is on the kinds of information offered by each type of instrument. its
scope and limitations. and the fundamental physical and chemical principles upon
which its use is based. Instrumental methods commonly encountered by the practic­
ing chemist. biochemist. or chemical engineer are treated.
May 1971/640 pages/S15.00 (tent.)

FUNDAMENTALS OF ANALYTIC CHEMISTRY, Second Edition
By Douglo. A. Skoog and Donald M. We.t
Emphasis throughout Is on chemical principles as they apply to the problems of modern
analytical chemistry. The authors' purpose is to provide a reasonable balance between
classical and instrumental analysis and to show the unifying principles associated with

~~/~~~~~:m~Hir~'structor'sManual ~nd Solutions Manual

EQUILIBRIUM: AChemistry 01 Solutions
By Thoma. R. Blackburn, Hobart and William Smith College.
This text is a logically integrated treatment of acid-base. coordination. solubility. solvent
extraction, redox. and electrochemical equilibrium. Graphical solutions to equilibrium
systems are presented side·by·side with algebraic treatments which begin with mass
and charge balance and the equilibrium constant. Included are exercises and prob·
lems.
1969/208 pages/SUS paper $6.75 cloth

~ HllUinehlrl

~~!!;~~:!~'NewYO"'OOl7
Circl..... U • la",,' '",ic. cart
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erons, for discussion of various regions
of the infrared spectrum. Almost all
commercial instruments now in pro­
duction feature linenr WAve number dis­
play.

Very little sp.,ce is de\'oted to mod­
ern, computcr·intcrfaccd il1tcrfcromc·
try, though this is destined for a major
role in infrared instrumentation. in this
rc,·icwer's opinion. The bnsic theory of
interferometry is presented in the
text, hOWC\·CT, and this material is cleAr
and thorough.

This book will undoubtedly find a
place in mnny annlytical spectroscopy
laboratories, although thc high price
wiH not encourage mnny individUAls to
purchlLSe it. As such it will be a \'alu­
able reference book, and one which can
be highly recommended.

Fundamentals of Clinical Chemistry.
Norbert W. Tietz, Ed. xxi + 983
pages. W. B. Saunders Co., W.
Washington Sq., Philadelphia Pa.
19105. 1970. $26

Reviewed by Donald S. Young, National
Institutes of Health, Bethesda, Md.
20014

The field of e1inical chemistry hILS
now grO\\11 to such an extent that
neither n single author, nor textbook,
can cover it in dept.h. Tietz attempts
to discuss only the basic principlC'S of
clinical chemistn· in this book nnd has
assembled a disiin~uished panel of ex­
pcrts to do this. Throughout the book
he emphasizes the interaction of the
biological sciencrs with the different
branches of chemistry-the foundnt.ion
of clinical chemistry. In most chapters
a discussion of the biochemistry nnd
c1inic.11 significance of compounds is in·
eluded with the methods for measuring
them.

The first three chapters arc con­
cerned with the basic principles of
measurement which are equally appli­
cable in analytical and clinical labora­
torics. For analytical chemists enter­
ing clinical chemistry this ,,;11 remind
them of the importance of sound ana­
lytical principles, and for people with
different backgrounds these chapters
will provide a sound introduction. As
wit.h othcr chapters, a list of compre­
hensive, releVAnt tex~s is included to
facilitate greater study. Unlike t.he
cditor of many textbooks on clinical
chemistry, Tietz has recognized the im­
pact of mechanization of procedures in
the clinical laboratory and Evenson de­
scribes t.he principles of the equipment
which is used to pcrfonn the majority

(Continued on page 7eA)



An unprecedented offer from Johnston Laboratories!

The only
particle-photon detector

you can lease!

The MM-l
Electron
Multiplier
For pulse counting or current measurement
01 electrons, ions, UV or x-ray photons, and
energetic neutral atoms or molecules.
Guaranteed reactivateable. Delivered gain:
10' to 10'. Noise less than 1 count-minute
at 10' gain. Gain stability at count rates in
excess 01 10·/second. Bakeable at 350 0 C.
No ion feedback. Non-magnetic. 1.5 sq. in.
active surface area.

SHOULD YOU LEASE OR BUY?

II budget limitations force you to bUy electron
multipliers that must be discarded when they
lose gain, you'll be better off leasing the MM-1.
If you need the superior performance of the
MM-1, but for only a limited time, then leasing
will be more economical than buying.
If you require the dependable performance of
the MM-1 in a long term project, you'll do
better il you buy it.
II you're not sure how long you are going to
need the MM-1, lease it now and pay only for
the time you actually need it. You will always
have the option to buy the MM-1 with a large
amount 01 the leasing cost credited toward
the purchase price.

Write for complete leasing data,
specifications, and application notes.

THESE ELECTRONIC COMPONENTS
AVAILABLE FOR YOUR COMPLETE
MATCHED SYSTEM.

All Solid State High Voltage Power Supply
(HV-4R). Ultra low noise for operating electron
multipliers, photo multipliers, proportional
counters, and ionization chambers. Small,
lightweight, 500 to 6,100 volts DC range,
reversible polarity, highly liltered noise,less
than 300 microvolts. Drift less than .01 % /
hour, .02%/day.
Preamplilier-amplifier-discriminator (PAD-1).
For use with electron multipliers and photo
multipliers in mass spectrometers and fast
counting systems. Charge sensitive; rise time:
3 nsec, output: 4 volts into 50 ohms. Adjust­
able discriminator: 20:1 range. Rugged,
miniature.
MM-2: miniature version 01 MM-1. Also
available on lease plan.

John~ton~ 3 Industry Lane.

Laboratones,Inc.~ CockeySVille, Maryland USA 21030
Circl..... ,n H .....n .. Sinice e....
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Circle ND. 151 II Rulfeu'Su,ice Carlf

The following spectrum is brought
to you by the newEM-600, amedium
resolution mass spectrometer system
that costs amere $6925:*

mI. 28

(2. 4-Dichlorotoluene Spectrum) '"

CI-Q-CH3

CI

Before leaving, we might mention that the 60° sector,
magnetically scanned EM-600 is a complete, easy-to-use
systemwhich 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 HansenWay, Palo Alto, California 94303.

'S62lOwithoulrecorder ~ varian anaspect
~ Visit us at the Spring ACS Show in Los Angeles.

clrcl. H•• 114 .....",.' Smlc. Cu.
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STOPCOCK
CONTAMINATION
PROBLEMS?

Never again with High·Yacuum Stopcocks from WESTEFI'

Ground glass sropcocks require lubricanrs. Lubricanrs carry cODraminarion! Avoid rhe problem wirh DeW WESTEF
Stopcocks of Teflon. Viton. and Pyrex.

'.·1712·T
same IS W·l7Io.T except with capillary
side arms with the _ bore IS the
hole in the plug,

W·171Il-T'
STOPCOCK, Straight Bore, TEfLON Plug,
with Metering Valve. The metering
valve needle which regulates bore
opening for fine flow control is threaded
from the top of the TEfLON plug for
easy access and adjustment
Bore, mm I 2 3
Side Arm,

0.0.. mm 8 8 10 10
Price, Each 12.00 12.00 14.00 14.25

W·1131
STOPCOCKS, Westef, High.Vacuum,
straight sidearms.
Bore, mm 2 4 6 8
Side Arm,

0.0., mm 9 10 12 14
Price, Each 11.00 11.30 17.80 18.85

Bore, mm 10 15 20
Side Arm,O.O.,mm 16 22 26
Price. Each 19.95 61.90 69.85

80re, mm 2
Capillary Side Arm. D.O., mm 2
Price. Each 11.50

.·1145
WESm STOPCOCK, Higll-Vaeuum,
Three-Way.
Size, mm Q.4

Side Arm, 0.0.. mm 10
Price, Each 39.00

..1141
wmEF STOPCOCK, UIIrHll&IIV-.
Straight Bore~witll._
CllCIIleCtion 011 bot\aOI.

Size.... Q.6
Price. Each 25.25

Vacuum and positive pressure WESTEF Stopcocks can be used wirh liquids or gases and are easily serviced and cleaned.
The body of the WESTEF Stopcock is tooled on heavy.waIl Pyrex glass, and features rhe "ACME" tbrcad for added
strengrh and easy regulation of the valve. The Tefton plug has two Viton O-Rings at top protected by a Te60a ridge.

Dependable. versatile. economical WESTEF Stopcocks are guaranteed to conform to publisbed specifications or will be
replaced free of charge wirh any stopcock of comparable value of your cboice. Call or write .••

SciChemCo P. O. Box 23616, Los Angeles, CellI. 90023

SclChemCo.
Frese Division

Los Angeles, Calif.
Clrele ... 171 .......' IInIa CIrlI

SciChemCo.
Howe & French Division
Boston, Masaachusetts

Phone (213) 263-1181

SCICllemCo.
Durham Dlvt.lon

DUrham,~~
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New Boob

of prescnt-da)' analyses. However, no
specific procedures are discussed.

Separate chapters on earbohydrntes,
proteins, porphyrins, lipids, nnd en­
Z)'Dles are included. U8IIaUy only one
procedure for each important scnlffi
constituent is described in detail, nnd
unlike Henry's textbook there is often
inadequate justification for the choice
of the method. It is dishc.Htening to
find that. kinctic procedures arc not
advocated universal'" for the me",,"Ure­
ment of enzyme acti~·it.y. The chapter
on endocrinology is particularly
thorough and includes a general intro­
duction to rndioimmunoll.SS.'\Y, although
tho technique is not described in detail.

Several calcium procedures are de­
scribed, but a laborntory director would
be left with a lack of information to nid
him in the selcction of the best method
to use on n routine basis. In n new
textbook one would like to sec no men­
tion of nrehnic tests like the cephalin­
cholesterol flocculation and thymol-tur­
hidity procedures, but. these nrc de­
scribed in delail. Chnplers on reMI
(unction, gastric analysis, pancreatic
function, aDd the analysis of calculi
maintain the high stnndard set by the
editor. Cbapters on to'icology nnd
amniotic fluid analysis will be ycry use·
ful for today's clinical chemist, because,
until the advent of this book, there was
no simple and authoritative text to ns­
sist the chemist in these nrc.1S. ~Iany

tables providing practical infonnation
for the tcchnici:m or clinicn.1 chemist
arc inclnded in an appendix. The vol­
ume is completed by a list of normal
yalues and a comprchcnsi\"c index.

This is a good book. Both tr:)inecs
and laborntory directors' will benefit
from rending it. It combines (in a
readnble manner) much of the detailed
description of test procedures of Hen­
ry's book with some of the background
chemical pathology of Thompson nnd
King's test. An up-to-dnte Amerienn
book of this t)'pe wailong overdue.

The Analysis of Air Pollutants. W.
Lelthe. x + 304 pages. Ann ArbOr·
Humphrey Science Publishers, Inc.,.
Drawer No. 1425, Ann Arbor, Mich.
48106. 1970. $18.75

Reviewed by J. W. Robinson, Depart.
ment of Chemistry. Louisiana State
University. Saton Rouge, 1.1J. 70803

This book is 304 pages long and is
divided into six major sections. The
first section is concerned with the gen­
eral background of air poUution includ­
ing' a summary of the European his­
torical events in the field, particularly

those iD\'olving loss of life; the major
sources of nir pollution; b.1ckground
levels before pollution; the identit)' of
major pollutants in our atmosphere and
their significance.

The second section denls with defini­
tions of concentration levels (n neccs­
sary item in such n book). analytical
accuracy, nnd precision, also require­
mrnts for lIcccptnble analytical pro­
cedures. Air-sampling techniques,
scrubbing metllOds, nnd methods for
cOl1ccntrnting dilute pollut:l1lts nrc nl::m
described.

The third section discns..<es fields of
research currently being pursued in nir
control, such fiS Hie Inbclinc; of :Iir
masses.

The fourth section deals with special
an:llyticnl techniques, such as those
used in photometric nnnlysis nlld auto­
matic continuous analysis devices.

The fifth and sixth' sections arc de­
yotcd to :;JX'rial topics such as dust
analysis, precipitators, inert gnses, O:!,
O:h sulfur compounds, orgunic pollu­
tnnts, nnd carcinogC"ns to name n few.

The book is well-concC'iyed and gin>s
a good summary of the prcscnt. state­
of-the·art of the detcnninution of Ilol­
Iutants in the nir. It is written with
:lUt.hority and rcn>als considcrable ex­
perience on the part of the :Hlthor.
The trnn~lntioll is "cry good and per­
mits C~ISY rending of the book. The
hook's major shortcomin~ is that it
docs not devote much time to instru­
mental mC'thods currenth' in lise ur in
I>roees;; of bein~ de\·el~pcd. An ex­
:uuplc is the field of atomic ah:iorption
spectrometry which is now widely u::5cd
throughout the world. However, it
should be stated thnt it is impossible
for a text to be completely current. in
all nreas.

In stlmmnry, for those inyolvcd in
the determinntion of :lir pollutnnts, this
is a useful book nnd will pro\'ide a good
reference in many related fields. Fur­
thennore, it is written with sufficient
detail to usc directly in the routine nn­
nlytical Inborntory or the research Inb­
omtory.

N~w Books

Quantitative Analysis: Elementary Prln·
clples and Practice. Harvey Diehl.
vii + 454 pages. Oakland St. Sci·
ence Press, 409 Douglas Ave., Ames,
Iowa 50010. 1970. $12.50

This is an introductory text, pre­
senting the fundamentnl theory, de­
scripth'e chemistry, nnd laborntory
techniques of titrimetrie, spectrophoto­
metric, gravimetric, nnd fluofometric

methods of nnalysis. The theory intro­
duced is that which he.1rs directly on
prnetice. In nddition to the usual de­
srripti\'e mnterial on each method of
analysis (inherrnt errors, interferences,
ba:;ic r('nctiolls, nnd applications), sup·
plemrutnry material on the cllCmistr~'

of the general "rca has been included.
Laboratory procedures have been
tested nnd IUI\'(' been written in suf·
ficien!. delail to be readily followed hy
ocginning chemists. Emphasis was
]1l:1coo on the :lttentioll to detnil ncces­
sny to secure accurate and reliable rc·
Stilts, and nttention is cnlled to the
c\'nlnation of errors. A fnir amount of
the history of chemistry has been in­
corporated into this text, thereby plnc­
ill~ this hook ill the forefront of thc
tr("ud in nnderj::radnate educntion away
from the premature presentation of nd.
"llTlcrd technical mnterial nnd toward a
more hllm:ani.stie and cultural npproach.
The :lppcar:lIlce alld quality of this
book in re~ard to the binding, p:t pcr,
and layout of pages is nbo\'e m·crnge.

Practical X·Ray Spectrometry. R. Jen·
kins and J. L. DeVries. x + 190
pages. Springer-Verlag, New York.
Inc., 175 Fifth Ave., New York, N. Y.
10010. 1970. $7.80

Thi.s hook i;:i the revised and corrccted
cditioll. It is n reference book which
('o'·crs all of the more usual practical
difficultir:'\ C'xperiellccd in the applica­
tion of X-ftlY spectromctr~·. The Intest
dcyc)ollmrnts in this relatively new
fiC'ld uf ;maly.;;:is sue-h as the expansion
of the spertral r:mge into the ultrnsoft
X-ray and vacuum ultr:I\'iolet region,
the w:wel(,J1~lh shift and absorption
C'dgc fine ::it rlleture mr:tsuremcnts nre
covered in this editioll. Other topics
include: physics of X-rays, dispersion,
detection, pulse hei~ht selection, count­
ing stnti::5tit'2, mntrix dTects, quantit:t­
th-e nnaly~is, snmple preparation, nnd
trace nllal~·sis. 'Vorked examples arc
tlscd to illustrate slJecific points, par­
ticularly in the sections on counling
stntistics and qn:tntitative nnnlysis.

Proceedings of the ~.pollo 11 Lunar
Science Conference. 3 Vols. A. A.
Levinson, Ed. xxII + 2492 pages.
Pergamon Press, Inc.. Maxwell
House, Fairview Park, Elmsford, N. Y.
10523. 1970. $40 (3 Vol. Set)

These volumes feature papers writ­
ten by the 150 principnl invest.igntors
and their "ssoeinte. who pnrticipated
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in t,he three-month lunar science con­
ferencc, which was held in Houston,
.January 5-8, 1970. The articles were
divided as follows: Vol. 1: Mineral­
ogy and Petrology; Vol. 2: Chemicnl
:lIld hiotope Analyses (including the or­
,l:!;anic geochemistry papers); and Vo1.
:l: Physical Properties. The informa­
tion found in this sct cannot be found
as campietc in any othcr form. Thcy
rf!prc::,cnt a rich and accuratc source­
book for c"cryollc involved in for~ing

Ill'\\" advancements in nil of the various
fichl~ of scientific endC'l\\'or.

The Determlnltlon of HydrlZlno-Hydri.
zlde Groups. Hugh E. Malone. xv
+ 393 pages. Pergamon Press, Inc.,
Maxwell House. Fairview Park. Elms­
ford, N. Y. 10523. 1970. $18.75

This book presents a complete digest
of the csscntinl experimental details and
applications of the methods available
for the analysis of hydrazine, its deriva­
th'cs, and, in general, the hydrnzino­
hydrazide functional group. This text
is uniquc in its comprehensive cover­
age of the available methods, ronging
from thc classical oxidativc, gnsometric,
and acid-base methods to modern in­
strumcntal mcthods, including spectro­
photometry, chrom."l,tography, color­
imetry, polarography, and coulometry.
Although this book is primarily a text
or guidebook for analytical chemists, it
should also be of value to fuel cell and
rocket propulsion tcchnologists, as well
ns resenrch, dcvelopment, nnd produc­
tion chcmists engaged in modern chcm­
ic.11 industry.

Min's Impact on the Global Environ·
ment. C. L. Wilson, SCEP Director,
and W. H. Matthews, Assoc. Director.
xxii + 319 pages. MIT Press, 50
Ames St., Cambridge, Mass. 02142.
1970. $2.95

This is the report of the one-month,
interdisciplinary Study of CritiCAl En­
vironmental Problems (SCEP). It
presents an assessment of the existing
state of scientific knowledge on these
and related global environmental prob­
lems and contains specific recommenda­
tions for action which would reduce the
harmfnl effects of the pollution or
would provide the information required
to understand the impact of man on
the global environment. Topics cov­
ered include: climatic effects of man's
aelivitie&-e.g., carbon dioxide from
fossil fuels i ecological effects of man's
aetivities-e.g., mercur)' Rnd other toxic

heavy metals i and implications of
change and remedial action. The re­
ports of the Work Groups include top­
ics such as climatic effects, ecological ef­
fects, monitoring, implication of
change, industrial products and pollu­
tants, domestic and agricultural wastes,
llnll energy products.

Electrochemistry. J. Koryta, J. Dvorak,
and Y. Bohackova. xv + 350 pages.
Barnes & Noble, Inc.. 105 Fifth Ave..
New York, N. Y. 10003. 1970.
$16.75

This is the English edition of the
Czech textbook, lIElektrochemie,"
which was published in 1966. The aim
of this book is to provide the reader
with the principles of modern electro­
chemistry wbich rna)' enable him to
read original papers and more ad­
",nced monographs. This text gives a
comprehensive account of the princi.
pIes of elcctroehemistry and encom­
p"""es both the elassic.,1 tbeories and
their modern extcnsions, emphasizing
p.uticularly the processes of electro­
chemical kinetics. The book is di\'ided
into fOllr main parts: equilibria in
electrol)'te solutions; transport phe­
nomena in electrolyte solutions; equi­
libria in heterogeneous electrochemical
systcms; nod procC'SSCS in heterogeneous
rlC'Ct.rochcmicnl systems.

Chemistry: Min Ind Miller. E.
Russell Hardwick and Charles M.
Knobler. xi + 531 pages. Ginn &
Co.. 6900 E. 30th St., Indianapolis,
Ind. 46218. 1970. $11.95

This is a textbook for a course in
chemistry for nonmnjors. It does not
attempt to msko an exhaustive survey
of chemistry while at the same time
penetrating'deeply into the fundamen­
tals. This text concentrates on the
fundamentals, since the authors feel
Ihat if a student is to have only one
or two courses ill tbe field, he should
understand the great conceptual ac­
complishments of science rather than
memorize specific reaction data and de­
tailed lists of properties. There are
t·hree major di"isions: Chapters 1 to
14 deal with matter, energy, and the
fundamentals of atoms, molecules, and
chemi",,1 reactions; Chapters 15 to 20
de.,1 with the chemical properties of the
families of clements; and Chapters 21
to 27 introduce the student to a new
way of ,-iewing his world. This last
section applies the complexes intro­
duced in Chapters 1 to 14 to the ph)'si­
cal world, to the interaction of science
and society, and to life itself.

hydrogen purifi.,rs
produce ultra-pure
hydrogen at low cost
If you have a need for ultra-pure hy­
drogen with total impurity levels lower
than 0.5 ppm. these compact instru­
ments (4 sizes: 1, 5. 12 and 24 liters
per minute) are your answer. Savings
start immediately because you can buy
low cost commercial hydrogen. Start­
ing with this crude hydrogen, these
units will deliver ultra high purity hy­
drogen by breaking down H2 into two
hydrogen atoms,which diffuse through
the walls of palladium tubes, No other
atom will pass through these walls.

Because Matheson offers compatible
gas handling systems. these Hydrogen
Purifiers work at top efficiency with
other Matheson regulating and mani­
folding components. Send coupon for
Engineering Report G-125. Itcontains
all the facts on these new purifiers plus
other Matheson "work together"' sys·
tern compatibles..... ......-... I.....~~--.-

Easl Rutherford. N. k G..tcomonga. Calif.;
GkNceslet. ~.; JoIHtt. III.; to Porte. telCOl;
~row. Go.; Newark. CoIif.; .......tbyo. Ont.

-------------------------~: .......eoaQ..~,.o...... :
IDept.Ae4n.het~ ...... 1JI7I I

: Send me ~eJKl" G-l25. ~

I . I
IName I
I I

:ntle ~
I ,
I Addr... I
I' I
I ,
,City I
I I
:State ZiP + 4.71G~L l

tlrcle NL 1!1i ........ semel en
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For Jour Chemicalllbral'J..
mese Adv8DC8S In ChemistrY Serla
bookS IrOm me ACS

PLASTlClZAnON AND
PLASTICIZER PROCDIU
(No••)
Plasticization principles, glaas
transition, plasticizer mobility.
antiplasticizers.
Other topics include three processes
tor phthalate esters. developments in
phosphate plasticizers, chroma­
tographic analysis of plasticizers.
200 pages with Index.
Cloth bound. sa.oo pet copy.

PATENTS FOR CHEMICAL
INVENTIONS (No. 48)
Palentability problems: nature of
invention. ownership, signatory
formalities during prosecution,
priority. Patentability requirements:
novelly. ulility. unobviousness.
Situalions related to chemical
patents: prior art, new use.
patentability of natural products,
foreign patent protection.
117 pages with index.
Cloth bound. $5.50 per copy.

ENGINEERING PLASTICS AND
THEIR COMMERCIAL
DEVELOPMENT (No. 96)
A "how-to-do-it" book with
discussion and case histories on
developing plastics to profilable
commercial products. Topics
include use research. marketing
research. process and procesSing
development. and patent and legal
aspects including clear warnings
on contributory infringemenl.
128 pages with index.
Cloth bound. $7.50 per copy.

CHEMICAL MARKETING: THE
CHALLENGES OF THE SEVENTIES
(No. 83)
Twenty-one articles discuss the
challenges in four chemical markets.
in organizing for markeling, in
market research and development. in
domestic and international sales. in
lechnical service and application
research, in distribution, and in
compuler applications in marketing.
199 pages with index.
Cloth bound. $9.50 per copy.

EQUILIBRIUM CONCEPTS IN
NATURAL WATER SYSTEMS
(No. 87)
Sixteen papers represent the
collaboration of aquatic chemists.
analytical chemists, geolO9ists,
oceanographers, hmnologlsts. and
sanitary engineers. working with
simplified models to produce fruitful
generalizations and valuable insights
into the factors that control the
chemistry of natural systems.
344 pages with index.
Cloth bound. $11.00 per copy.

EPOXY RESINS (No. 12)
Discusses formulation and
performance of epoxy resins.
Properties such as improved flexural
strength. moisture resIStance.
adhesion, rigidity, tight weight. and
mechanical, electrical, and chemical
resistance are explored. Also
discussed are processes and
reactions inclUding condensation
reactions. gelation. synthesis,
electro-deposition, curing, reactivity.
230 pages wilh index.
Cloth bound. $10.50 per copy.

TRACE INORGANICS IN WATER
(No. 73)
Research reports; analytical
developments including atomic
absorption, flame emission, and
neutron activation; and broad
reviews, such as effects of trace
inorganics on the ice-water system
and the role of hydrous manganese
and iron oxides on fIXing metals
in soils and sediments.
396 pages with index.
Cloth bound. $12.50 per copy.

Name

NOTE: If ordering more than one book·, ple_
indicate quantity.

Payment enclosed (Payable to
o American Chemical SOciety) 0 Please bill

Special ...~ Sales
Americlln Chemiclll SocIety
1155 • 16th Street, N.W~ WMhIngton, D.C. 20036

Please send me the following
ADVANCES IN CHEMISTRY SERIES books.
1. -.:..._

2. _

3. _

4. _

5. _

6., _

7., _

8.. _

PLEASE PRINT OR TYPE

I propose lor ACS Membership:
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Address
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City Stata Z1p___

Nama

Addra81

CIty Stata Zip__

An ACS membership application will be ..nt to each ot
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IRRADlAnON OF POLYMERS
(No. III)
Eighteen papers survey radiation
mechanics in polymers. the chemical
nature of reactive species produced.
crosslinking and scission. homo­
polymerization. graft copoly­
merization. and the effects of
ultraviolet light radiation.
275 pages wllh Inde•.
Cloth bound. 510.00 per copy.

ORGANIC PESTICIDES IN THE
ENVIRONMENT (No. 80)
Gives a clear perspective of
environmental hazards in soil. water.
and air' surveys effects of mammal
enzyme systems, residues in human
body tissues, effects of chronic
poisoning by organophosphorous
insecticides.
309 pege. wllh inde•.
Cloth bound. 510.50 par copy.

LITERATURE OF CHEMICAL
TECHNOLOGY(No.7~

Forty articles discuss the literature of
many aspects of chemical
technology. Nine of these are related
to polymers. including resources for
resins and plastics. photographic
chemistry. cellulose. pulp, and paper.
printing inks. coatings. synthetic
rubber, rocket construction materials.
textiles. and waxes and polishes.
732 pege. with inde•.
Cloth bound. 517.50 per copy.

ADDmON AND CONDENSAnON
POLYMERIZAnON PROCESSES
(No. 91)
"Molecular engineering" demands an
understanding of the relationship
between molecular structure.
process kinetics. and performance
characteristics. The first 26 chapters
are devoted to process improvements
and the polymerization kinetics of
common monomers. The last 22
chapters deal with new and improved
polymers designed for specific uses
or properties.
767 pages with index.
CIOlh bound. 519.50 per copy.

POLYMERIZAnON AND
POLYCONDENSAnON
PROCESSES (No. 34)
An I & EC Division symposium with
emphasis on unit processes.
Twenty-one papers on addition
polymerization. polycondensation
reactions, commercial polymerization
processes. Rnd equipment design.
260 pages with indBlC.
Paper bound. 510.00 per copy.

CHEMICAL NOMENCLATURE
(No.8)
Concerns nomenclature in organic,
inorganic, and biological chemistry
as well as coding. indexing and
classifying, with some attention to
nomenclature in industry.
Inlernational aspects are also
covered.
112 pages wilh index.
Paper bound. 55.00 per copy.

SAUNE WATER CONVERSION-II
(No. 38)
Fourteen papers from two symposia;
includes recovery of minerals from
sea water. minimizing scale
formation, wiped thin-film distillation,
diffusion still. solar flash evaporation,
osmosis. electrodialysis (3 papers).
research in Israel, hydrate process.
199 pages with index.
Paper bound. 58.00 per copy.

STABILIZATION OF POLYMERS
AND STABILIZER PROCESSES
(No. 85)
Twenty-two papers survey progress
and report recent work on a variety
of stabilization problems - thermal
slabilization, antioxidants and
antiozonanls for polyolelins. rUbbers.
and rubbers containing polymers.
Olher topics include microbial
stabilization. ullraviolet light
absorbers, and fire retardants.
332 pages with index.
Cloth bound. 512.00 per copy.

PESTICIDAL FORMULATIONS
RESEARCH. PHYSICAL AND
COllOIDAL CHEMICAl ASPECTS
(No. 86)
Fifteen papers survey contact angle
of surface-active agents, transport
through a membrane, vapor pressure
of pesticides, role of surfactanls in
sprays. biological activity.
evaporation. spray formation and
drift, and several studies on specific
pests and pesticides.
212 page. with inde•.
Clolh bound. 59.50 per copy.
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( Keep Pace With The New!
Discover New Horizons, New Interests, Valuable

Information through Internationally Respected ACS Journals

]
Twenty..,ne ACS Joumlls cover osch of the disciplines of Chem­
istry in depth, or ranee across the field on an interdisciplinary
basis, offer news of chemistry, and cover special skills helpful
to any professional chemist.

No one can rud 21 professional journalS, bUl lIIe Acs Is
pleased to offer you an opportunity to subscribe to many w11lch
will benefit you, in addlUon to the joumal of your special
professional interest.

Environmental
Chemical Technology Analytical Chemistry Science &Technology

The American Chemical Society's new- The only complete, authoritative loure. Fundamantal rn••rch and tec:hnol'*Y
est publication. Oesianed to impart imme· .1 technical Information cov.rln. all In water, air and wast. chamiatry--plul
diate. authoritative and relevant data of fi.lds of anal)'III, both fundamantal and naws. Interpretiv. raporta and commen·
a praamatlc nature, particularly for chern· applied. Covers rn.arch, new•• new tary on political and Industrl.1 ..peets
ists lind chemical engineers in industry. products, new chemica's. and ••chane.1 of envlronm.ntal manaeem.nt. Monthly.
All ACS members will have an oppartu- of comments belween authors and readers.
nity to receive compllmenlary copies Monthly.
Ihrough June 1971. Monthly.

Nonm••ller lCSM••" N._••••r ACS ........
"__

U.S. $18.00 U.S. S5.00 U.S. $7.00 U.S. $5.00 U.S. $7.00

Clnalil. PUIS $7.50 C'IYd. $9.50 C.nad., PUIS sa.OO Cltlld•• PUlS $10.00Canada. PUIS $20.50 PUIS $11.50
other tuUons $21.50 Other NlUons $8.50 Other Nltlons $18.50 Ottl" N,tions 11.50 Ottl.r N,Uons 110.50

The Journal of the The Journal of
American Chemical Society Biochemistry Medicinal Chemistry

If you had to choose one pUblication Reflech the stron. relallonshlp amana: Journal ., M.dlc/nal CllamJatry .m·
in chemistry. Journal at the American chemistry, biochemistry and olher blolo.l. phulzal papers on the bk)loclcal ond
ChemluJ Society would be the most valu- <e' Iclances. Covers enzymes, proteins, pharmac:olo.lca' e"ect. of medica' a••nt.
able. Since 1879, it has offered subscrlb- c:arbohydrat... lipids. nucleic acids and on basic body proc...... Cov..... ch.mlca'·
ers orilinal research that cuts across all their metabolism, .enetlcs, other expand' blolo.lca' relationships. ch.mlstry of com·disciplines of chemistry. (Wilh 8100 Ina: fields. Blwe.kly. pounds. and pharmacololY of compound.pages published In 1970 It costs sub-
scribers less per "age than any other Monthly.
major Journal in Ihe world). Biweekly.

lCS M••a" N",."r lCSIlI."" N••••,,, ACS .....1If1 ---U.S. 1Zl.00 U.S. 1<'.00 U.S. $20.00 U.S. ....00 U.S. $15.00 U.S. $30.00

C'nl4I, PUIS $26.50 Canada, PUIS $41.50 C.nld., PUIS $23.00 C.nld., PUIS $43.00 Can.d., PUAS $18.00 Canada, PUA5 $33.00

Ottlor N.tions $21.50 Ottler Nations $4g.5O Other N.tiCll'ls $23.50 Ottler N.lions 143.50 Oth.r Nations $18.50 Other Nations $33.50

.. - - --- -Single Article AMERICAN CHEMICAL SOCIETY. 1155 16th St.• N.W.• Washington, D.C. 20036

Announcement SelYice Ple..e enter a one·ye.r subscription for the foliowinS publications:

1. 2.
Thl. '.ice monl~ly current a.arene....r.... 3. 4.

lee reproduc.a c:onlenll pag.. "om curr.nt 5. 6.
edltlona 01 .11 ACS primary Journ.I....c:epl
Chemical • Engi"..,lng Ne.s. Chemillry. Name Position
Ch.mlc.1 TeChnology. Chemlc.1 Revle.1 and
Accounl. or Chemical R....rch. Company Address

You c.n scan th.M tables of contents,
thus 1.lnlna wider Insleht into develop. City S·.ate/Country Zjp ___
menu In major fields of chemical research.
Articles of specific Interest may be ordered Nature of Your Employe"s Business:
throulh • form provided. o Manufacturing or Processing 0 Government 0 University

o Other (Please Indicate)
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Inorganic Chemistry

Artlcl•• me)' r.n,. from the bord.,..
of or••nrc chemlltry to the bord.,.. of
theorltlcal phplea. Authoritative informe,
tlon. Monthly.

~mph..I,.. orllnle ,..ctlonl. natural
product., studlu 0' machlnllm, thear,U·
eel or,lnlc chemistry, .spects of spec·
troscopy. Biweekly.

Journal of
Organic Chemistry

Honm,• .,
U.S. $7.00
tlnaell $11.00
PUAS $19.00
Other Nations $20.00

ACS W.....,.
Receive C&EN
IS p'rt 01 dues.

Official or••n of the ACS. Cove,.. nlW5
of current development, In ,II ph•••• of
chemistry for r.,d.,.., In Industry. Govern·
ment. Conlultln. end Education. W••kly.

Chemical &
Engineering News

H.n......r
U.S. $40.00
caNida, PUAS $44.50
Othfl N,Uons $45.50

AC' ...lIIIIer
U.S. $20.00
canlGl. PUAS $24.50
Other Hltlons $25.50

.......a.
U.S. $30.00
Canld" PUAS $39.00
other Mllklns $39.50

acsllt_
U.s. $11.00
CaRlda, ,u.u $21.00
Other Mltlons $21.50

Journal of Chemical
&Engineering Data

Artides .re primarily concerned with
pre..ntatlon of data of permanent value,
avaUable In Journal lorm. Today's new
Indrumantalion makes this current In·
formation e,peclally valuable. Quarterly.

Macromolecules

Ruults of orlslnal re,urch on all
fundamantal a'pects of polymer cheml,·
try. Vital information for an expandIns
field. Bimonthly.

N••••••"
U.S. $24.00
C,nad" PUAS $21.00
Other N,tlons $21.SO

ItS II....,
U.S. $12.00
C.n'd'. PUAS $15.00
Other N,tions $15.50

........r
U.S. $30.00
C,n'd •• PUAS $33.00
Oth.r N'tions $33.50

ael ....."
U.S. $15.00
Can,"., PUAS $11.00
Dlh.r N.lionl $1'.50

Con,.. I ,rowln" Import.nt flald, with
emphasis on peslicldas, fartlllze,., plant
,rowth ,a,u'ato,.. and chamlstry of food
proca..ln,. Bimonthly.

AU .....' N.......,
U.l. $'0.00 U.S. $20.00
tlllld', 'UA! $U.OO C,nad•• 'UAS $23.00
OUI., N.tlonl $U.50 Dlher N,tlonl $23.50

Journal of Agricultural
&Food Chemistry

Accounts of
Chemical Research

Short. critical ravleWi of current , ..
....rch In all are.. of chemistry.
normally by Investl.ato,. active In the
field revlawed. Monthly.

Chemical Reviews
Authoritative, crUlcal. comprehen,lve

reviews of recent re..arch In the var/ou'

field, of chemistry, not reviewed In readily

available publication, for previous flvl

yu,., Bimonthly.

The Journal of
Physical Chemistry

Editorially b.lanc.d betw"n duslcal
areas of chemistry and modern ,tructural
quantum mechanlca' a"eas. Special em·
phasis on papers dullne with fund.·
ment.1 aspecta of atomic and molecular
phenom.na. Biweekly.

AeS M ., N r
U.S. $20.00 U.S. $40.00
C,n'd', PUAS $24.00 C,nad', PUAS $«.00
Other N.!ions 125.00 Other N.tions $45.00

NIIIlIN.r
U.S. $26.00
c.n'd., PUAS $29.00
other N,tlons $29.50

AtS M.,.II
U.S. $13.00
c."'~, PUAS $16.00
Other N,ltonl 116.50

......."
U.S. $10.00
C'lIId', 'UAS $13.00
Otn.r H.lIOllI $13.50

$UO
$1.50

AU ......,
U.S. $5.00

~::~'N!tr~~

--------------------------------------,

Journal of
Chemical Documentation

For tho.. who us. and work with
ch.mlcal lIte,ature. Cove,. communlca·
tlon. skill.. data s)'Stems. technical
wrUlna.Un.ul,tlc:s. nomenclature. Quartetly.

Ael ......'
U.l. $'.00
en.d.. PUAS $".00
Oth.r N.t1on' $10.50

.......,
U.S. $".00
tiM"', ,UAS $11.00
Oln.r N.llon, $11.50

Chemistry
For tha hlSh .chool cheml.try student

and tucher. and sclence-orlented colleee
student and faculty. Interprets bulc
chemical concept. and reports on new
d.velopments. ImaelnaUv.ly lIIu,trat.d.
Monthly.

Allldlc:rl••r,
U.S. $6.0D--Ctn.d., PUAS $1.00

Dlhu N.tlon, $7.50

1& EC
Fundamentals

Publishes orilinal scientific papers
dealins with the very frontiers of cheml·
cal eneineerinl understandine. Quarterly.

1& EC
Process Design
&Development

FIRST CLASS

Permit No.

1411·R

\\',uhlngton. D.C.

I BUSINES~ REPLY MAIL I
L------.---:---~_

1& EC
Product R&D

Orisinal rtsurch dullne with facto,.
Influencine product properti.. .nd per­
formanc•. "PI.nary Acco...nts" f.ature up·
d.tes state of the scl.nc. for salect.d
lubJ.cts. Quart.ny.

Fund.menu/., ~oct.. o.,"n & o.vaJop­
ment" Product R&D, EACH:

No Po.ta.. Sump H.e.....,. il Mall.d In t"" Un/t.d St.t••

Posta.. Will Be Pald by

AMERICAN CHEMiCAL SOCIETY

1155 SIXTEENTH STREET, N.W.

WASHINGTON, D.C. 20036 Atl ...."
U.S. $7.00
c.nada, PUAS S9.50
Other Nations $10.00

N••••IIl."
U.S. $14.00
c.n.t~, PUAS $16.50
Other Nations $17.00



Universal Indicator Strips: pH 0 -14
Special Indicator Strips: pH 0 - 2.5
pH 2.5-4.5 pH 4.0-7.0 pH 6.5-10.0 pH 11.0-13.0
Neutralit<!l pH 5-10 Acilit<!l pH 0-6
Alkalit<!l pH 7.5-14
Special advantages:

Reactive zones sealed onto plastic strips

Non-bleeding

Prolonged immersion possible
Weakly buffered or unbuffered and even
coloured solutions may be measured

Distinctive colour differences

Highly stable to light

Please request our special brochure

E. Merck, Darmstadt Germany
eire" N.. lit .. bailin' Ie"," tad

317·EO
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sories. Seeks home In .your file
cabinet. References on request. .
Why not send now-so you'll have
1\ when you need it. If you'd like

~~it~o~a~1~~'iSj~~fu~e;~n~f~e:~:
on your secretary's desk.
Dear Secretary. Please fill In this
coupon. When the catalog comes
In, don't even bother showing It
to me, just file under "gases."
Thank you.
r----------I
I Alrco Industrial Cases I
I ~;5 'IJ~~n¥al~rh~~~ I
I Murray Hill, N. J. I
I I
I Name I
I Address I
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Request Bulletin AC4·2OOOC
Ci~lt 'I•. 24 .. lulk's' Smin Clf'

Determine
serum Chloride

In 40 seconds

The Direct
.J~ • ~ Readout.•.

. BUCHLER-COTLOVE

CHLORIDC?!!,~.!~~
Fast direct readout In seconds an I concentrationS

• -+- 0 5% in wide range 0
than 1 ppm • Accuracy - . ple • ldelll tor

. .' ·th only 10 lambda sam
• High reproducibilIty WI It' and clinIcal applicationS
sweat chloride determination In ped.1a IC tomatic analyzefS and

• eel method lor standardizing au
• Recogmz . d termlnat\OflS
lor Individual or mull\ple chloride. e

BUCHllR l.STRUMBITS OMSlOI
NUCLEAR~HICAIIO CORP.
• SlJ8SID~Y O~ G. 0 @F\ill &> co IY 01024
1227 SIX1£lNTH ~Jtln. FORT LU. MEW JOS •

Convert your hand operated
laboratory press to automatic

CARVER®
MOTORIZATION PACKAGE

I 1
1
\:1 I 'I ~,
I

'j

_u iU~~Jt:J--lUiI[D:~

Select desired pressure and r8m speed ...
~US~ start button and press operates automatically.

Time-consuming hand pumping Is eliminated.
Available with Accumulator attachment Which stabilizes

pressure on sustained applications.

.P.:::....~ Write lor BUlletin No. 120

8
. ~ / a subsidiary at

I , FRED S. CARVER. INC. _ •.I One Chatham Road • I Sterling, Inc.
" e Summit, New Jersey 07901 • Milwaukee, Wisconsin

Circll HI. U II .td,n' Slnl" Ca'"

EDITORS'
COLUMN

Water Pollution
Abatement

S CIE:<TISTS, POLITICIAl>S, and the
new. media have directed increas­
ing attention in reccnt months to
thc urgcnt nced for pollution abate­
mcnt of our domcstic lakes and riv­
er.. As a rcsult, the lion's share of
thc budgct for thc recently formed
EIl\"ironmental Protcction Agcncy
hlls becn allocated to the fight
again.t water pollution. Many pri­
Yate indu.tries hll\'e also accepted
the challenge and lire beginning to
contribute to the nationwide clean
wllters program proposed by Presi­
dcut :\'ixon last year.

Indeed, domestic waleI' pollution
",n'eillance and conlrol promise to
occupy thc etTorls of more and more
rescllrch scientists-analytical
chemists among them-as the na­
tion gcars up in its battle to improve
cn\'ironmemal quality. For those
analytical chemists interested in en­
tering the field of water pollution
abatement, this year's national
meeting. of the American WaleI'
Resourccs Association, listed below,
will otTer yaluable background in­
formation.

The AWRA Research Conference,
"Planning for WlIter Quality and
Standards," will be held June 14­
18 at the University of 'Visconsin­
1Ililwaukee. For more information,
eontnel Dr. G. Karadi, General
Chllirman and Professor, Depart­
ment of Applied Science and Engi­
neering, University of Wiseonsin­
Milwaukee, :\'filwaukee, Wis. 53201.
Telephone: 414-228-4964.

The National Symposium on "So­
('ial and Economic Aspects of Wnter
Resources Development" will eon­
yene June 21-23 at Cornell Univer­
sity. For more information, con­
tnet Professor Loonard B. Dworsky,
Director, "'liter Resonrees and
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What
do YOU want
in atomic
absorptiOn?

Simultaneous analyses
of two metals? And
compensation for
matrix Interferences?

Equal efficiency In
flame emission and
atomic absorption?
That calls for the Jarrell­
Ash Model sao. Its excep­
tional versatility and superb

optics will especially please
the researcher. Reasons
Why: a high resolution
monochromator. Selection
of eight wavelength scan­
ning speeds. Interchange­
able gratings. Unobstructed
burner area.

For a product bulletin on
each Jarrell-Ash atomic
absorption Instrument,
circle the number given
below on the readers' serv­
Ice card.

L '".
~ ,.: .

'I ,,- 0 --

You'll find analytical capa­
bilities like that only with
the Jarrell-Ash Model 800.
Its unique dual-channel
double-beam design makes
it the most advanced in­
strument of its kind. Con­
sider, too, its other high
performance features:
Digital readout. Signal in­
tegration. Scale expansion
to 25X. Flame emission.

- ""'"

" .

Multi-element
analyses without
lamp warm-up?
The hollow cathode lamp
turret on the Jarrell-Ash
Atomsorb holds up to six
lamps on warm-up. To
switch lamps, just rotate the
turret. No waiting. Switch­
ing oxidants and lighting
the burner, moreover, are
just a matter ot turning a
control and pushing a
button. More pluses: Direct
concentration readout.
Two switch-selectable
gratings. Corrosion-resist­
ant laminar flow burner.
Scale expansion to 10X.
Flame emission capability.

To zip through
hundreds of
routine analyses?
The Jarrell-Ash Dial-Atom
II is just the thing for rigor­
ous, routine, day-in day­
out use. It's as big in per­
formance as it is easy on

y;:'budget. Note all th';;e
traditionally "expensive"
features you'll find on the
low-cost Dial-Atom II:
Direct concentration read­
out. Fast dial-an-element
wavelength selector. Built­
in hollow cathode lamp
warmup. Scale expansion
to 10X. Flame emission
capability.

Clrcl. HI. " II .,d.n' S,,.,ln Cif.
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FROM:

Name

Street------------

Editors' Column

Pollution of the Seas

In most countries, water quality
standards applying to inland watcrs
arc also cxtcnded to coastal waters.
Outsidc tcrritorial waters, howe\'er,
no standards currently cxist. Tbc
immensity of the oceans, and the
tremendous mass of seawater, could
lead one to belie\'e that all contami­
nants would disappear eventually.
HowC\'cr, tides and currents can re·
turn waste and garbage unbcliev­
ably quickly to the coastal areas.
The havoc caused by recent off­
shore oil spills is well-known. Last
year's diseo\"Cries of DDT contami­
nation in ocean fish fat and severe
mercury contamination (in excess
of 0.5 ppm) in tuna and swordfish
should furiher alert the public to
the problem of the pollution of the
seas.

In the case of mercury contami­
nntion, no one is positive yet how
much of the mercury comes from
nntural geological sources and how
much from man's pollution.
Clearly, this is a pressing goal for
study, and onc which thc cfforts of
analytical chemists can help meet.
Go\'(~rnment..al a~cncies pnrticipat­
ing in studics of the pollution of the
scas will include the National Oee­
anic lind Atmospheric Administra­
tion, the Em'iromnental Protection
Agency, the Food and Dmg Admin­
istration, and the National Science
Foundation, which is sponsoring a
long-range cooperoti\"e program de­
Rcribed in detail below.

This ycar mnrks thc beginning of
t.hc National Science Foundation's
International Decade of Ocean Ex-

Marinc Scicnecs Ccntcr, Cornell
Univcrsity, Ithaca, K. Y. 14950.
Tclephonc: 607-256-1000.

The Seventb Annual American
Watcr Resources Conferencc will
mcet October 25-28 at tbc Statler
Hilton Hotcl, Washington, D. C.
For more information, contact F.
E. McJunkin, Dcputy Dircctor, De­
partmcnt of Environmcntal Scicnces
and Engineering, University of
North Carolina, Chapcl Hill, N. C.
27514. Tclcphonc: 919-966-2129.

zip Code

ACS Publications
1155 Sixteenth St.. NW.
Washington. D.C. 20036

DODD
05199 06969 02058 03249

TO: REPRINT DEPARTMENT

Reprints from
Chemical &
Engineering News
Keeping broadly informed challenges
euery person UJday. If you missed
these features from recent issues of
C&EN, you can still get copies by
filling in the coupon at the bottom of
the page.

Pollution
Causes, Costs, Controls
Arnofd Levitt, C&EN
June 9, 1969. 20 pp. 50¢
No one has to make a case anymore for the
need for pollution control or for the related
concept of environmental management.
Open the window, go boating. drive along the
highway-that should provide recognition
enough that a real pollution problem exists.

06969

The recent availability of commercial micro­
wave spectrometers has caused renewed In·
terest in microwave spectroscopy as a tool for
chemical analysis. 03249

Microwave Spectroscopy
Dr. William H. Kirchoff
National Bureau of Standards
Washington. D.C.
March 24. 1969, 12 pp. 50¢

Chemical Mutagens
Howard J. Sanders, C&EN
May 19.1969 & June 2,1969,36 pp.

75¢
Geneticists. phY5icians, chemists, and srow­
Ing segments of the public at larlJe are be·
coming intensely aware of the posSIbility that
drugs of all sorts, as well as pesticides. food
ingredients and additives. Industrial chemi­
cals. and other substances. may be causing

rseOn;'~ficdg~:r~~~i~u~~~I~:r(;:~·~11~).ceIIS
05199

6~~~h:~~~7e::3~I~e~Pthc~rd:~:Flp~e~:~el~il~:
strumenlation. data handling, technIque. and
applications. that promlSll grtlater utility In
the future. 02058

1 to 49 copies-single copy price
50 to 299 copies-20% discount

Prices for larger quantities
auailable on request

State

Amount enclosed $

Infrared Spectroscopy
Dr. Kermit Whetsel.
Tennessee Eastman Co.
Feb. 5. 1968. 14 pp. 50¢

city

Clf(l. Nt. n .......n' S,nle, t .....
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Special
Issue
Offer

Amount Encloeod _

Send your order to:

Reprint Department
American Chemical Society
1155 16th Sl. N.W.
Washington, D.C. 20036

The July-August 1969
issue of CHEMISTRY,
devoted to scientific meth­
ods of crime investiga­
tion, is available at $1.00
for the first copy and 50
cents for each additional copy.

Feature articles include ''Di­
mensions of Crime Today", "Ori_
gin of Modem Criminology",
''Scientific Methods of Crime In­
vestigation", and "Chromosomes
and Crime". Also Included: the
story of how the lie detector was
developed; how cause of an air­
plane crash was deduced from a
single seat cushion; and a com..
prehensive reading list on crime
and scientific methods used In
crime investigation.

Some readers' comments:
comprehensive; fun-reading; a
fascinating issue; a work of art
in make-up and content.

Editors' Column

ploration, a multidisciplinary pro­
gram for thc support of scientific re­
search projects whose long-range
goals arc: (1) to increase oppor­
tunities for international sharing of
responsibilities and costs for ocean
exploration and to assure more
equitablc usc of limited resources;
(2) to begin long-range efforts to
protect the marine environmcnt by
accelerating scientific observation
of the natural state of the ocean
and its interactions ,,;th the conti­
nental margins; (3) to develop and
impro\'e an ocean forecasting and
Illonitoring system, to facilitate the
prediction of oceanographic and at­
Illosphcric conditions, and to reduce
hazards to life and property and
permit more effective usc of marine
resources; (4) to expand seabed as­
sessment activities, to prO"ide sci­
entific information needed to per­
mit better management of ocean
mineral exploration and utilization;
(5) to improve worldwide oceano­
graphic data exchange.

Rapid availability and accessibil­
ity of data and intercalibration of
instruments will be emphasized for
the fiscal yeilr 1971. Resources will
he concentrated on three main
themes: (I) environmental qual­
ity-studies to provide eomprehen.
sive "haselines" of t.he chemical and
biological characteristics of the en­
tire ocean, with particular applica­
tion to pollution monitoring and
control; (21 environmental fore­
casting-studies with emphasis ou
modelinJl and oceanic variability,
air-sea interaction, upwelling, and
the flow of energy, nutrients, and
other substances through the food
weh; (3) seabed assessment-stud­
ies with emphasis on the topogra­
phy, structure, ane! dynamic prop­
erties of the continental margin and
(Ieep ocean floor, includin~ the gen­
er~l character and stratigraphy of
ocean sediments. For further in­
formation' about the program or to
submit a proposal for support, write
to: Head, Office for the Interna­
tional Decade of Ocean Explora­
tion, National Science Foundation,
Washington, D. C. 20550.

Alon J. Senzel

Then send for it!
It's FREE

This unique 56 page reference
was designed to assist the Spec­
troscopist and researcher in se­
lecting the right solvent for each
application. This book obviates
the need to consult several refer­
ences as it contains complete
information on usage. transmit­
tance. absorbance. physical prop­
erties and MC&B specifications
with over 300 charts and graphs.
Do we pass inspection? If so. fill
out the handy coupon and mail.

MCI!IJ!.';UFACTUIIING CHEMISTS
Norwood. OhIo. Bilton Rouge. Lo.
R.'elgh. N. C.. Ellst Rutherford. N.J..
Los Angeles. CIIIt(.

------------------------~MC&S MANUFACTURING CHEMISTS
2909 Highland Avenuo
Norwood, OhIo 45212

You've passed inspection. Send me
your Speciroquallly Solvents Book
NAME _

COMPANV _

ADORESS _

I CITY _

: STATE ZIP _L l~Z~~~~

Clrcl, Nt, 121 tl .u"n' S,"ic, CUll
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New.Perkin-Elmer goes
atomic absorption 6 better.

Perkin-Elmer is introducing four new atomic absorption spectrophotometers
and two high-sensitivity sampling systems. This spring six Perkin-Elmer prod­
uct specialists will tour North America to demonstrate them to you. For time
and place, contact your nearest Perkin-Elmer office. For data, write Instrument
Division, Perkin-Elmer Corporation, 702 Main Avenue, Norwalk, Conn. 06852.

1. New: The Model 103
A compact, low-cost instrument
which does absorption and emission
analyses with equal ease. To light
the flame, push a lever and actuate
an "electric match." To set zero on
the 12-cm meter, push the AUTO­
ZERO button. To go from absorption
to emission, flip a switch. To read
out results, select between three
damping times and two INTEGRA­
TION modes. With meter integration,
the needle rises to a stable reading;
it doesn't quiver. The same stable
signals can be read on a laboratory
recorder.

2. New: The Model 107
To many, it's worth a little extra to
read concentration on electronic

digits. In the 107, the meter of the
103 is replaced by a four-digit read­
out with adjustable decimal point.
To set concentration, use the inte­
gration mode, then "unlock" the
digits and set them to any value you
want. Both instruments have a 0-1
absorbance range, and SOX scale
expansion; 0.02 absorbance unit can
be set to read full-scale on the digits.
Both instruments have all-mirror
optics to cover all the wavelengths
from arsenic to cesium (1900-9000 A).

3. New: The Model 306
A double-beam instrument which
reads concentration, in absorption
or emission, on four electronic digits.
An electric match is standard; fully
automatic ignition is a little extra.
To set zero, push the button. Then,
use AUTO-CONCENTRATION. Just
dial the concentration of the stand­
ard, aspirate the standard solution,
and push the button. Calibration is
now completed. Is the working curve
non-linear? Straighten it with two
controls, each used only once. The
306, too, has integration on both
digits and recorder; the recorder
traces appear noise free, and are
easy to read. Conventional damping
can also be used.

Clrcl. HI. U' II R.d.rs' S.nin CI~

4, New: The Model 3051.
The 305A has bui!t-in flame emission,
a new burner, a phase switch to
improve the effectiveness of the
Deuterium Background Corrector,
and a metal instrument cover which
gives easy access to optics and elec­
tronics. Result: proved reliability,
improved performance.

5. New: The HGA-70 Graphite
Furnace
A f1ameless system which gives far
beller detection limits than the
burner-nebulizer. A small amount of
sample is pipetted into a hollow
graphite cylinder. The cylinder is
then electrically heated as high as
2700° C in an inert atmosphere.
Many metals are detected in amounts
down to 10' , grams.

6. New: The Delves Microsampling
Cup'· System

A modification of the Sampling
Boat'· system, developed to deter­
mine lead in 10 ~I of blood. The
Delves system can also determine
other volatile metals inclUding cad­
mium, arsenic, selenium, and
mercury.

PERKIN-ELMER
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At last count,we
came up with 207 dif­
ferent versions of our
new 2800 Series Gas
Chromatograph. Each
able to do a very
specific GC job reliably
well. With remark-
able reproducibility. MULnl~~~~:~~~~R"'TURE

Built around a truly modular
mainframe (left), the entire 2800 Series
shares an impressive list of standard
features. Among them are a newly
redesigned electrical system that's not
only compatible with any commonly
used voltage in the world, but which
also produces the cleanest signal ever
to come out of a Gc. A unique all solid
state dual/differential electrometer
(above right). A greatly simplified flow
control system. A spacious 1090 cubic
inch column oven. And dual column,
dual detector capability.

But that's just the beginning.
You can choose from four different

temperature programmers, plus four
versions of our computer-compatible
MultiLinear Temperature Programmer
(MLTP) pictured above on the left.

We currently have five detectors­
four ionization and oneTC-from
which a variety of combinations can be
made. Significantly, all four ionization
detectors fit on a common base for
speed and ease of interchangeability.

In the end, regardless of
versatility, a GC is only as good as the
results it produces.

The automobile exhaust emission
analysis, below, is just one example
of the tough jobs the 2800 handles with

•

authority. This particular
analysis is the result of
four different capabilities
working at once. Cryogenic
operation. Capillary

OUAL/OIFFERENTIAL b·l· MI· Ii
ELECTROMETER capa 1 lty. U tl- near

temperature programming.
And computer controlled operation.
The results speak for themselves.
(We might also note that in 18 runs of
similar samples over a period of
48 hours, the worst cumulative retention
time error was less than two seconds
over a retention time of UOO seconds.)

We've published a booklet
detailing all 207 variations of the new
Moduline 2800 Series Gc. For your
copy, simply write on your letterhead
toVarian Aerograph,Walnut Creek,
California 94598; Tokyo, Japan;
Malton, Ontario, Canada; Crows Nest,
N.W S., Australia; or Zug, Switzerland.

And, if you find 207 combinations
aren't enough, we'll be glad to sit down
with you and work out Number 208.

Allrll.\lUlULE [XIIAUSr ANALYSIS H)R HYDROCARBONS
Conditions: F1.tmc ioniL:l.lion dctc..:lor;;x)()·). O.020·°i.d.capilluy column with DC 200

{~OCS IliQuiJ phJoK: He ...mer &11.$ at 7 ml/min; tcntpenture proeum u ,bo..-n.



Phot. Coun8sy J.[)utnell

ForC..... mae.ur.a with 0.5 %accu·
r.cy .. hltle •• 10 cc/hr. with no .Ioni.
'Icant preuur. Iou.

Beeed on th.rmal principle with me.·
aurem.nt by Wheataton. brldg. un·
balanc•. No moving part•. Can handle
corroa'...e or non·corro.l.... malarl.I •.

6AS AND
LIQUID FLOWMETERS

"
For Uquld.... m.nur•• Ilow. Irom •
f.w cc: per hour up :0 50 Iita" par
hour. Not afl.ct.d by ....rl.tlon. In
...i.co.lly. Oper.uon to 4Go C. with
opeclal ...."lon.Ior hJgh tempe"ture.

...A .y.temwhlch provlde.TGA. DTG.
OTA .nd On An.lysls all In on. run.
Employ. 0 B. 70 B.t.nce which c.n
det.ctl0 ~g on • 100 g ••mpl•.

THERM06RAVIMETRY
... A aymmelrlcal ayalem employIng
the MTB 10·8 Microbalance which
delecta 0." ~O on , 10 g sample. The
.ymmetric.l beam .nd twin 'urn.ce
,re design.d to mlnimiz. dlsturbanc••
Irom con...ecllon currents. Archl·
meadi.n bouyancy. and radiometric
ell.cts. Especially 'or TOA end OTO
experlm.nt••t e high I....el of ••n.ill·
... lIy.

Furnac.a .....II.bl. on both ay.lem.
for 1()()()O C ·16000 C • 22000 C. AI.o.
;ro~c.rf~ntct~~~;(!I.netjc atudl.a

4E-rA-=-AIVI
SOClm otTUOES D'AUTOMATISATION DE R£GULATION ET D'APPAREILS DE MESURES
101·103, rue de Seze • 69/ Lyon 6' • France· B.P. 510 Lyon RP· HI. 78/24.17.41 - T6lex SETARAM 33 580

eltclt .... 111 ......n· lenlet Canll

CALORIMETRY
••• CAlVET MICROCALORIMETER
One ofthe mOltlenalllv,calorimeters
known. e,aed on lhermel flow princl.
pIe which approach,. ilothermal mi·
crocalorimetry. Avall'ble In 2.c811 or
4-cell model a 0' 15 ml or1oo ml c.pacl·
ty. Alao ....all.bl. In lwo t.mperalur.
,..n,ea amblenl to 2000 C or 1000a C.
Can m..aur!' .a Uttl••a 0.001 calori••
p.r hour. A cryogenic mod.lla under
d.....lopment
... CRMT CALORIMETERS
C.n menure 0.1 calorl.a p.r hour. A
.Ingl••cell model wtlh detecllon aya·
t.m b.eed on C.I....t principle. F••t
op.r.lIon ••• Iiltle •• 20 mlnut.. p.r

~~ ~~i::::r~~I~~[m:IJlln¥e~~:~~~
tur. r.nge .mblent to 600'to A....II.bl.
In 15 ml or 100 ml mod.l•.
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Ion Specific Liquid Ion Exchanger Microelectrodes

Miniature ion specific electrodes with liquid ion exchanger
membranes provide a convenient means of measuring
intracellular ionic activities in living cells

JOHN L. WALKER, JR., Department of Physiology,
University of Utah College of Medicine.
Salt Lake City. Utah 84112

Table I. Dimensions and Volumes of Some Electrically Excitable Cells

Kind of cell Cell shape Diameter Length Volume

Uquld Ion Exchangers

Liquid ion exchangers haye been used
in liquid.liquid ion e.xtrnction processes
in industn' for some time and, from
time to ti~nc, flS models for biological
membralll.'S (7, S). In the past decade,
1here was rrnewcd interest in liquid ion
exchangers on the -flout of biologists,
and the theory of their behn,;or OS ion
selecth·c membranes wns d",·eloped (9,
10). At the s"nle time, 1\ praetical cal­
rium electrode WflS de"cloped which
utilizes n Jiquid iOIl c.xchangcr mcm·
I"nne n·· the sollsitivc element of the
olectrode (Ill. Since then, severn!

Since the development of ion specific
glnss,," for hydrogen nnd the alkali o.,t­
ions, microelcetrodes have been fabri­
cated from these gl:tS..'eS (4, 5). Chlo­
ride microelcetrodes ha,'c been mndc by
coating a platinum wire protruding
from 1he end of :1 gl:lSS micropipet
with Ag-AgCI (4) or by depositing sil­
'"cr chloride inside the tip of n micro­
pipet (a). These electrodes.1I ha,·e the
drnwbaek of having a large iOIl scnsi­
th"e ~11rface which must be entircly
within the ('('II and their use is, tbe~
forr, limited to ('ells the size of skeletal
musrle or larger. While these electrodes
may h:we a tip dbmeter of onc micron
or l~, the sensith'c 3t'l'a is on the order
of ten microns in length with a diam·
eter of fh'e microns or more fit the top
of this area. In addition to the problem
of size, th('y :tre difficult to fabricatc.

01 hrr ion specific liquid ion exchanger
elrctrodl"S have become commerciall)'
a,·ail.hle. Th;" pnper discusses the
lT1in~HuriZ:ltion of th~ electrodes for
the rxpr~:; purpo5C of measuring in":
tracellular ionic activities in Ih'ing cells.

:\. liquid iOIl exehanger is composed
of au org'Ulic electrolyte dissol"ed in a
wau'r-illlmi:iciLle solvent, usually an
organic :iolvcnt with a low dielectric
('on:;1al1t. The organic ion should havc
n. low water Mllubility and is often
hi:d..lly branched to prevent micelle for­
mation (leI. Owing to the low dielec­
tric roust:tnt of the exchanger, inorganic
ion:) ha,'c n \"(~n" Ion· solubilit,\' in the
rxchanger aud," consequent)y, .a mem·
hr:\Ilc made of a liquid ion exchanger
is much more penncabte to ions "'hose
,":dcncc sign is opposite to tb.'\t of the
()r~:lI1ic ion than to ions of the same
,'al('l1c(' sign because of ion pair forma­
tion with the organic ion, For exam·
pie, lIl'jtllti\"ely ehnrged phosphate ~
Irn:; :trl' cation exchangers while posl­

th'ch' ehar,:ed amines arc anion 6.'(­

l'h:lTl'~rs. Funhermorc, some e.'tcbsng­
('rs C'xhihit IIlrlrked selt'Ctivity within a
~roup of ions of the Slme ,,:lIenee sign,
the !'t'!('('th"ity being a function of the
st rrn~th of interaction between the or-
~llnil' llnd inorganic ions. .

An iOIl specifie electrode is made by
fonning :\ liquid ion e.xchangcr mem·
brane in a ,'uit.blc holder so that one
,ide of the membrane is in contaet with
an :tquoous reference solution of ron·

0.52.'
0.25.1

I X 10"'.1
30mm

0.13 mm

Imm
0.1 mm
0.01 mm

Spherical
Cylindrical
Cylindrical

Molluscan neuron
Frog skeletal muscle
Frog ventricle

NERVE CELLS convey information to
other nerye cells and to effector or­

gans by means of elcct·ricnl impulsc5
propagated :llong the eell membrane.
In Illany types of muscle cells, nn clcc·
tricul impulse prop.1gated O\'er tbe cen
membrane is a neee5&1ry prerequisite to
mechanical contraction. These electri·
cal ('\,ents nrc dependent upon nn asym­
metrical distribmion of inorganic ions
ucrwccn the extr:lcelluIar and imracellu­
lur spaces. In addition, the electrical­
m('('hnnicnl coupling in muscle im'o!\'cs
ch:wges in the intracellular ncth'ity of
c:lI('ium. To understand the elcctrical
:lIld mech.1nieul ncth'ities of ncn'cs and
lllU5c1l'8, :111 :l('curnte knowledge of the
intr:l('('llulnr actiyities of the ions in·
yoh'cd is ncce.s.s..1T\·"

To measure th~ intracellular ncth'i­
t i£'s of ions is n difficult technical prob.
lelll for two reasons. First, the cells
:JucI, th£'rcfore, the intr.lCellulnr yolumes
nre '·erv smnll. Table I contains
th(' dim~nsions :1I1d yolumes of some
cells of imerest. The first two entries
in the tnble represent the upper size
limit, with few exceptions, while the
third is appronehing the lower sizl'
limit. 8£'cond, the measurements must
be made wit hout apprrciable damage to
'.he eollmembrnne. If the membrane is
dnmngod to the extent. thnl, the mem­
br:me potential is not nonnnl, the in­
trncelll1lar ionic ncth'iti('S nrc rertnin to
be different from their nonml ,-nlnes.

It. is possible to mnke estimntes of the
intrn('rlllllnr conccntrntions b,' me:lsnr­
in,!: th£' :unount of fin ion in 'whole tis­
sue, the whole tissue volumr, the extra­
crlllllnr spnce cOllecntration, and thc ex­
tracellulnr ,·olume. Howc"er, in nddi­
tion to the uncertainties of thc mcthod,
it gh'cs only concentrntiolls, which nrc
1I0t very mennillgful (J-8). One needs
to know the intrnc(>lIulnr :lcth·itirs of
lhe ions.
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Figure 1. Schematic diagram of an ion specific liquid ion exchanger microelectrode

Instrumentation

stant composition while the other side
can be hrought into contact with the
solution to be llllillyzed. Electrical con­
tAct is made with the internal reference
solution by means of an electrode which
is reversible to one of the ions in the ref­
erence solution. The electrical poten­
tial diffcrencc across the membrane
changes in proportion to tbe acth'ity
in t,he test solution of the ion(s) for
which tile liquid ion exchanger is selec­
t,ivc.

A quantitath'e theory h.. been de­
"eloped (9, 10) which describes thc
electrode potential, bnt it is cumber­
some and conbitlS parameters which
:lTC difficult to measure. It is, there­
fore. more com'cnicnt to usc the fol·
lowing empirical equation:

15=

E. + n~T log. (a;+ Kill;''''') (I)

E is tbe electric potential ("olts); Eo is
a constant ("olts); R is the gas constaut
(8.3 joules dog-'mole-

'
); T is thc tem­

perature '(OK) ; F is Faraday's numbcr
(96,500 coulomb equivalen,'); n is an
empirical constant (dimensionless) cho­
sen so dmt nRTIP is the slope of tbe
linc when E is plotted as a fnnction of
lo~ B, when K'jaj = 0; z, and Zj are
the valences of the ith and jth ions, re­
spcctiv(']y; <lj is the acth-ity (arbitrary
concentration units) of the ion t.he elec­
trode is expected to measure; the o/s
:lTC the rlCth'itics (same units as all of
intr.rfcring ions whose '"'-dence sign is
the ~nme as that of the principnl ion and
the K1/s arc the selecth-ity cOllstants for
the jlh ions with respect to the ith ion.
When K'J < 1 the eleetrode bas a higher
selecth'ity for the ith ion than for tile
jth ion, KI} is an empirical number
and should not be assigncd a strict
physical interpretation.

The problem, then, is to form a liquid
ion exchanger membranc in a holder
slmll enougb to insert into a cell so that
onc surface of the membrane is in con·
tact with tile intracellular fluid.

Electnide Fabrication

A standard technique for making in­
tracellular electric potent.isl measure­
ments has been to pull a glass micro­
pipet witll a tip diameter of about 0'.5
micron and fill it with 3M RCI. Ex­
tensive research with this .technique hns
shown tbat when the tip of such a pipet
is insert'l<! into a cell, it does riot dis­
rupt the normal functioning of the cell
(18) and, thercfore, if a liquid ion ex­
changer memhrane could be formed in
the t.ip of such a pipet, the problem
would be soh'ed.

The primary difficulty is that a clean
glass surfsce is hydrophilic, so on or-

ganic liquid membrane will not remain
in place in tbe tip of the pipet. Instead,
it will be displaced by onc of the aque­
ous phases widl which it is in contact.
To prc,,·cDt this, it is necessary to ren·
der hydrophobic the portion of the
pipet which is to contain the organic
liquid, The method uscd to do this is
to apply nn organic silicone compollnd
to the terminal 200 microns of the
pipet tip.

A successful method for making po­
tassium and chloride microelectrodcs
involves the followiug steps. Borosili­
cate glass capillary tuhiug (1.2 nun od,
0.1-nun thick wall) is cleaned with
hot ethanol "apor aud dried, Pipets
are pulled from the clean tubing with
a commercially amilable pipet puller
and h''''e a tip diameter of 0.5 to 1.0
micron. ImmcdintC'lr uftcr pulling, the
pipet tips arc dipped in a fresh solu­
tion of 1% Siliclad "(Clay-Adams) in 1­
chloronnphthnlcnc until there is n col­
umn of the solution about 200 microns
long inside the tip. This tnkcs :tpproxi­
mately 15 sec. The pipets arc then
placed tip up in a mNal block and whcn
the desirl'cl number (aile to two dozen)
hav(' been pTC'pnrccl, thC'y are placed in
:l 250°C o"el1 for onC' hour. After be­
ing remo,'cd from the o"eo and allowed
to cool, rhe pipC'ts nrc re:tdy for filling
but cau be held in this condition for at
least one Wl'Ck before being filled,

To fill a pipet, tlte t.ip is dipped
into the ion exchanger (Corning code
477317 Jlotassium exchanger or Cor­
ning codc 4ii315 chloridc exchangcr)
until the terminal 200 microns (ap­
proximately) of the tip is fillcd with
the C'xchnngcr (one t.o two minutes).
One-half molar RCI is then injected as
far down into the top of the pipct as
possible using a three-in., 30-gsuge
needle attached to a syringe. The pipet
is placed horizontally on the momble
stage of a compound microscope and a
hand-drawn, solid glass needle mounted
on n micromanipulator is ndvanced
down the inside of the pipet while view-

. ing undcr lOOX magnification. The tip
of the glass needle is brought to tile cen­
ter of the field and the microscope slage
i. carefnllr moved until the' tip of the
needle touches the meniscus of the ion
..,changer. The KCl solution flows
down to the liquid ion exchanger, dis­
placing dlO air toward the top of the
pipet whcre it can be lIushed out using
the 30-g"nge ncodle. Air bubbles of 100
microns or less in length may be disre­
garded since tbey will be quickl)' ab­
sorbed. With practice, electrodes can
be dillped and filled in an average of
fh'e min, A small amount of mineral oil
is then injccted into the top of dIe pipet
to prevent water evaporation, and the
pipet is stored with the tip in a solu­
tion of 0.5M KCI. Best results arc ob­
taincd when the filled electrodes are al­
lowcd to stand for at least two hr he­
fore being used. Figure 1 shows asche­
mntic dingmDl of an electrode ready
for usc, and Figure 2 is a photograph of
:\ potassium microeleetrode with 125
microns of liquid ion exchanger in the
tip.

Two difficulties IHwc been encoun­
tered with thcse electrodes. Sometimes
the lips of thc electrodes will not fill
with the ion exchanger, or take it up
"ery slowly. Tbis is owing, pr{'Sum­
ahly, to the tips being plugged by thc
Silicl"d, If a pipet docs not take up
the drsircd amount of exchanger within
two mill, it. is discarded. An nlterna­
th'e to this is to hreak the tip slightly,
but this is only useful if n tip diamet('r
of two microns or larger can be toler­
ated. The other difficnlt)' is that the
elcctrodrs will sometim<'S losc the ex­
changer within two to three hr after be­
ing filled. The cause for this difficulty
has not been determined. To alleviste
dlCSC problems, other siliconizing pro­
cedures using n variety of orgnnic chlo­
rosilanes in different solvents are being
investigated.

Althongh both kinds of electrodes
ran be made in the same way, there is
another method of siliconizing which
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Table II. Data from Experiments on Ap/ysla Neurons with Chloride end
Potassium Microalectrodes' CI..,

Potential In arlHlclal
Slope. mY .....ler. mY '"-III!

Balore' Altar' Before' After' "'1(1), min
58 58 34 34 335
58 58 31 30 486
58 58 48 48 137
58 58 44 44 1U
58 58 35 36 347

54 ~ : ~ ~~
~ 54 49 49 •
52 52 42 40 144
52 52 40 40 384

tJc::~t r:~ =~·~=,1:;::n~'; ::::. -:o~:-:.':: ~~=,::::.. aa,:.~:::~~
dunna the IndkatK time. 'sefo,..net .ft., intraceUu'-, I"I'IHSU.-...nt(a).

Figure 2. Photograph of.B ~t8ssiu~ liquid i~~ eX~hanger microeJectrode with 125
microns of ion exchanger mSlde the tip. Magnlflcatlon,400X

work:; hl·lter for the potassium dee·
InHIl',,: bllt is not satisfactory for the
(''''oridc c1Cl·trode~. ..\fter being pulled,
the pipet tip is dipprd in :L 5C;~ solu­
lion of tri·lI-b\lt\·lchloro~il:\Ue in ).
('hloronaphthall'lIc 'until there is a col·
1111111 :Ihuut 200 ll1icrnn~ lon~ inside the
lip (;lhollt 15 ~N'). TIll' pipet is then
:1110\\'(,11 to air dry for at least :24 Ilr be·
fOfl' being filled as rlc~('ribcd above.
'I'll<' tip~ uf IliJ>ct~ ~i1iconized in this
way dl) not plu,:: up :IS thry :;omelimes
du with the Siliclnd :o:olution.

Electrode Resistance and selectivity

Because of the small size of the tip
of the electrodes and the low conduc­
ti\'itr of the liquid ion exch:mger5, the
re:sistanec of the electrodes is high nnd
:l "olt:lgc measuring device wit·h an
input impedance of :It least 1013 ohms
is required. :\ satisfactory solution
11:15 been to usc a varactor bridge op­
erational amplifier (Analog DC\·ices,
model :l1I K) which has an input im­
pedance of IOu ohms wit-h an input
r:lparit:lDcr of two picofnr.uk The
microelectrode is connected to the in·
Pllt of the amplifirr via n chloridized
siln'r wire inserted into its top, nnd
the amplifier output is cOllllected to n
digital voltmeter. The resistnnee of
the microclC<'trodcs, ns measured from
the chargin!: time of the iuput of the
operational amplifier, is in the range of
l(JO to 10'0 ohms.

The response time of the electrodes
when the concentration of potassium or
chloride is ehan~ed hos not yet been
mensured enrefu'''' becnuse of the tcch­
nieal problems ·i",·o"·ed. Howe,·cr.

when one of the electrodes is dipped
into .3 solution and the amplifier input
iii oprncd as rapidly as possible, the new
steady.-statc potential is reached within
five sec, which indicntC5 that the time
constant of the response is not more
than olle sec. Once the steady-state po..
lentbl is altained, it remains con.::.--tant
to within:!:: 1 mY for several hours. In
T:lblc II, :-omc data from experiments
with Aplysia neurons (14) are presented
:-howlllg the IOllg·term sL'\biJity of both
the potassiwn and chloride electrodes.

The sclccti"ities of the elect"\des for
intcrrcrin,:: ions wllh respect to tbA
principal ion ha~ been dctennined for
:,omc interfrring ions commonly found
in biological prcparations. These hnve
hN'11 dt'tt'nnined b,' measuring the
el("('trodc potentials i~ mb.1.ur£"5 of oon·
slnnt ionic strength nnd finding the
K;; which makes the ,btn fit Equntion
I. The resnlts of these me..uremenls

are praented in Table m (or the
cbloride electrode and for potuIium'
electrodea made by both of the !D8\bodI
described above•

....... 1'*-IIuIar ................

Immediately before making an in­
tracellular meaouremeut with ODe of
the electrodea, the electrode must be
ealibrated. This is doIle by~
its potential with rspect to a 3M
KCl-liJ1ed micropipet in a seriea of
KCI 8OIutions of known coneeDtratioDo.
The XCI concentrations used IlbouJd
bracket the expected concentration of
the unknown 8Olution. The electrode
is then moved to the ...lotion bathing
the cell in which the measnrellll!Dt is
to be made. which nonnal1y contains
some of the ion W be measured. po­
tassiwn and/or chloride. The potential
of the electrode in that solution ahonld
ngree \lith the potentiol predicted for
the electrode from the calibration earve,
",king into account any interferinl
ions "'hieh may be present in the 8010­
tion. The tip of the electrode is then
in",rted into the cell. Since it is not
possible to sec the tip of the electrode
onter the cell, the criterion used to de­
termine cell entry is nn abrupt shift in
the potentinl or" the electrode as it !s
;lowl\' ndvanred toward tbe cell. This
.hift . in potentinl is due to two fac­
tors: (I) the difference in activity of
the ion being ml'nsured between the ex­
traeellnlnr and intracellubr fluids; and
(21 the rell membr:me potential. The
,hift of the electric potential as the elec­
trode tip enters the cell ean be written
3S:

!J.E-

E nRT I [a.- + KUfJl'] (2)'. + r;F OIl- at + KljiJ!

where !J.E ("olts) is the difference in
electnc potential between the, inside
nnd the outside of the cell; E. (volts)
is the cell membrane potential; the

ANALYTICAL CHEMISTRY, YOLo 43. NO.3, MARCH 1971 • 'llA, , ';



It
I

Only Jeolco'. new laser Raman spectrophotometer records depolarization ratio automati­
cally and simultaneously with the normal Raman spectra. 0 Jeolco's compact, table-top JRS-Sl is
the first unit to give you this importanl advantage. The first to record depolarization ratio throughout the measured range,
aulomatically and simultaneously, to aid in the assignment of the Raman band. This all-digital model offers the foltowing
high performance features: beller than 1 em" resolution, less than 10'00 scallered light at 25 em" shift, 10,000 cm-' spec­
trometer cover range, with 30mW He-Ne laser as standard equipment and the ability to adopt any available cw laser
source. 0 High sensitivity benefits include: special low-noise photomultiplier with exlended S-20 photocathode, thermo-

electric photomultiplier cooling, low-noise photon counting system, optimum
sample chamber system, and double-monochromator (f/6,7). 0 Push­
bullon selection of operating conditions, wilh warning lamps for mis-selec­
tion, large sample chamber, two-pen recorder with automatic adjustment of
wave scale to monochromator sweep range, safety circuit for photomultiplier
proteclion, and automatic allenuation of laser - to protect operator's vision.
o The unit's monochromator drive is linked to the recorder drive. With
automatic setting of repeated recording, Half of the recording scale is above
2,000 em" to match the infrared spectra, 0 For fult details call or write
Jeolco, 235 Birchwood Avenue, Cranford, N.J. 07016; Tel. (201) 272-8820,

Mass Spectrometers!Amino Acid Analyzers/Nuclear Magnetic Resonance Spectrometers/Scanning Electron Microscopes!
Electron Microscopes/Electron Spin Resonance Spectrometers/X-ray Diffractomelers/Laboralory Computers

Cite I' NI. 112 .1 Itulll"s' St"iu Cu,
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At the prosen! time, only the p0­
tassIUm and ehlonde ion exchanger
nllcr""l""trod"" are of practical use.
Attempt. to make a calcium micro­
el""trode ha,·e not been e~mplelely
succcsoful, lilt hough some progress has
been made. ThO)· can be made to ex­
hibit a Xernst slope in solutions of
C"Cl~ from 1.0 X 104M to 1.0M \\ith
a time constant and stabilit:r compa­
rable to the pou..ium and chloride
lIlirroC'!ectrodes. Howc\'cr, when p0­

tassium, in concentrations approxi·
mlltiog tbose fouod inside cells, is added
to the CaCl, solutions, it reduce.
the calcium rao:poDSC drasticalh'. l\:Oork
is continuing on the ('atcium Ducroelec­
trade and as liquid ion exchangers for
ot her ions of interest to biologists be­
l'ome a\'ailable, they will be used to
m:lkE" ion specific microelectrod~ of the
typo de,cribed lIbO\·e.

Thi .... "'ork WAS N1PPOr1~ by Amentu R.n
.h..~illiion Orant #70 837, {'tah Beut A.oria.
lion Orant IT, aDd tbe tTniWd Stat. Pubtie
Itl'tlolth 8t'n'ire Orant Q~( 11328.

'aandb

i~ lIot pO:'i~ibll', "'hrll tllr cribi :Ire
roo timall to .sec if Loth electrode~ arc
ill t.he s.:1Il1e cell, the membrane po­
f('J1t1al and ion ~pcrific electrode mca­
sUn'Olf"lltti C:1I1 be made separately in
~evf"r:ll ('l'lls and the an'rage \'alu<':':l of
the lI}(>a~lIrrmcnt~ u~cd to calrulate iu­
tmc('lIular acti\'ity. :\ better solution
to the problem j.s to make doublc-Larrt'l
l'lrl'(fudl'~ where olle b:lrrcl is the ion
~pl'l'ilir 1'1rctrode and the other barrel
is the r('f('r('nce ('(eel-rode. AuC'mpt.s to
fabricatC' .such ('lettrodes firc currC'nth'
"ping m~\(ll·. .

.-\:- :,lIuwll in Tahle 11, both the
put:I~..it1m :lnd dlloride Uli('roeleetrod~

~l r(' ::Haule OH'r a period of tie\'er:ll
huurs CH'n wlJ('1l s('\,eral ('('II penetra­
tioll:" an' m:llll' with the same elec­
trod(', \rhC'1l an 1'1<.'l'trode h:ls shown a
DC drift, it h:l5 uSll:llly been tr:lcoo to
a rhangr in the pot('~ti;t1 uf the .-\g­
AgCl l'lr(·tro<!(' Jll:lking routaN with the
intt'fual rriNelH'C' solution of the C'I('C­
trodC'. )'Io~t impurtant is the (:let that
the :-:Iopps of th(' ('ll'rtrooes do not­
('hange dllrin~ tIm rouT.sC' at' the C'X­
p('rimC'Jlt~. SincC' th(' intracl'llular
11lC':l~ur('lllent.:iare madf' with respect to
tilt' ('xtrarrllular solution, which is of
known ('ompo::iition, fl :-low DC drift
i:, of liulr ronseqllrn('(' as lon~ as tl1('
.:ilup<, of tht' rt':-.;ponsr eun'(' rrlll:liu::;
('Ollst:lIlt,

A:.: i:.: tllr casr with :WY I1£'W t('rh­
niquC', it i:, nreC'~.;:a~' to ~tahli:"h that
thr d:lt:l ohtained with the trrhniquC' nrC'
\':l1id, In 1UC':\:mrin~ intT:1c('llulnr ar­
ti\'itir:.: with iOIl :-.;prcific rlcctrodrs, this
i:-.; not ('a::;\' to do 1.>('(':1\I5C of thC' lark
of ncrumt'(' inform:nion ronrrming in~
trm·(·lllilar a('ti\'iti('~ of ions, both or~

ganic and inorA:anic, whirh 111:1\' intrr­
f('ft, with tht' nH'a:-:Urt'I1H'nt. ·This is
e'I"",i:llly trill' of tho ohlorid" electrode
hrC'fllls(, of t h(' pr~(,lIrr of o~:mir

nnians in thr intrncrllulnr fluid, 80mi'
f"xIWrim('ut:,1 rrsults bC':1ring: on this
I)uillt. h:\\'(' bC'C'n prrsrntrd and dis('u~

hy CornwlIll el 01. (16).

Hydrogen 3

Sodiuml

Interf.rlng Ion

Bicarbonate'
Isethionate'
Propionate 'Calcium 3

O.lM' 1.0M'
0.05 0.05
0.2 0.2
L5 L7
g:~~ a' 0.03
0.02 ~ g:g~
0.025 b 0.016
0.02 a 0.02
0.02 b 0.014

I lonle strength. 2 Ions interfering with chloride 2 Ions I t rf I I h
refer to Slliclad and trl·n·buty1chlorosilane pota5Sl~m mlcro:le~t:~:d~~.":.~~~::r:~m.

Table III. Selectivities for Interfering Ions with Respect to Principal Ion
for Chloride and Potassium Mlcroelectrodes

K"

:iu}Jer:il'ripts 011 the acti\'itiC:i, 0 nnd i
rl'fer to outside alill inside of the cell:
alld II, dpl('rmilll'd frolll the calibratjOJ'l
curve for ('<it'h electrode, iii 1.0 for the
Jlut:l:"~illlll t'it.'ctrodc:i and in the range
oi lJ.HO to O.Hi fur the chloride l'lec­
lrodr..:. ""hill' II ,-aries from one
(·hlorid(· ('Ipc'trodt' to another, it is
('(JIl~t:lnl for :lIlY one ('Irctrodc and
colJstant un'T the rang-t' oi :It- le3st
1.0 X 10 ".II KCI to 1.0.11 KCI for
!Jot h pota ....~iHm :l.Ilcl ehloridl' ('Il'ctrodes.
Em i .... mp:t:mn·d by impalill~ the cdl
wit h :l :Hl KCI-filled micropipet.

Wilf'!1 Equation:! i.... ~ol\"('d for the
d('lIomiJ):Itor of the Ioj,tarithmic term
it lakt,.... ,hp fOfm oi Equation :1. '

a,' + Ki/lj' =

(a,· + [\"a/) "Xi> [(j,E - E.,)',P] (3)
..liT

It i~ now a ~impl(' matter, knowing all
Iht' f:H·tor.... on thp riJ!ht ~id(' of Equa­
tion ;>, to l'all'ulatc a nUllwriC':I1 nllue
for til{' left :-:ide. The only frmaining
pfobll'lIl is to df'tcrmine fllfo' ,":11\1(' of
thl' term, K;pji. If microe!('ctrod<':'i
.... Jlcl·ifit· for the illtl'rfrring ions are
:I\"ailahlc, the at:; can be llH':\:,urcd di­
f(·rtly. Unfortuuately, this i~ not 1I~­

U:11J~' p()~:'.ihl(' find, then'fore, it is J1('C'(':;;­

....ary to lise (,l'ilimates arrin·d at b,"
olhpf m(,:\Il~. ,rhcn whole ti ....Sll(' allah:.
:-:l'S ha\'c h('(,11 <lOIlP, th£' \'alue':; of the'
('OIlN'ntratioIiS (':lI1 be 1Is('«( by :l:'::':lIl11in~

\':lhll'~ for thr intmrrllular acti\'it\, ('0­

pfiic'iruf:.; (2). Intracl'lIulnr ~o<liUl~l. ac­
tivity (~an Ilf' rstimatrd from the ovC'r·
shoot. of the action potl'lltial (15), and
in thr ra:-:c of ion~ which llpJlrllr to bc
passi\'el\' distributed :1rross thr cf'1I
nlf'mhra'llP, til(' intmc('lIulnr :lctidt\, call
br ralcul:ltrd by t1:.:in~ thi' ('xtnH'~1It11ar
activity of thnt ion and a85Ul11in~ n
Donn:ln dil'ltrihution (2).

'Vhru the cells nr£' I:lr~e, 11l'i in thr
('asr of .17JI!l.'ria ueurons or froA: skrlctal
musde, the KCI-filled micropipet rllu he
~C'('n in th(' saUlt' crll as tht' ion spf'cifir
f'!t'ct,rodr, bllt, wiUI smnllrf r('lIs this
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~ offers a complete, self-contained
system for determination of mercury.

Coleman

Model MAS-50
Mercury Analyzer

APPLICATIONS

This compact system
can be used in

many scientific fields.
Pollution:

air, water, food,
soil, tissue.

Clinical:
urine, blood, tissue.
Industrial Control:

fOQd, metal, soil,
fertilizer.

In stock for immediate shipment.

Call or write fo~ Bulletin B-350.

This easy-to-operate unit displays mercury content of
sample directly in micrograms. Dual ranges are 0-9
micrograms and 0-0.28 microgram full scale. Sensitivity
is 0.01 microgram of mercury and reproducibility is
better than 3%.

Features simple sample preparation utilizing Hatch and
Ott stannous chloride reduction and subsequent bub­
bling of mercury vapor through a closed system for
detection by "cold atomic absorption" technique.

Instrument has rapid response with "memory" system
to hold peak reading until released. Other features in­
clude simple 5-step procedure of reagent addition. A
mercury-free reagent kit is available.

Inexpensive and complete, the Coleman MAS-50 can
release more expensive atomic absorption instrumenta­
tion for other uses and provides a higher degree of
accuracy.

/

/
ARTHUR H. THOMAS COMPANY

Scientific Apparatus and Reagents
VINE STREET AT 3RD • P.O. BOX 779 • PHILADELPHIA, PA. 1111011, U.S.A.

tlrel. N•. n•• I.dm' S.nin car'
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Environmental Science and
Technology
First Journal in its field. Provides monthly
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
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EDITORIAL

The Manuscript Review

I t is a popular misconception that the sole or principal purpose in sub­
jecting manuscripts to review is to reach a decision 88 to whether

the manuscript is to be accepted or rejected. To be sure, the reviewer
is asked to rccommend whether in his judgment the manuscript should
be published with minor or major revision, or at all. However, in the
cnd, thc main function 01 the review process is to improve the manu­
script through criticism and revision.

Statistical data support this conclusion. Of each 100 manuscripts .
received, on thc average, we reject about 10 on the basis of preliminary
evaluation by the editorial staff, some on the basis of quality, and some
on the basis of inappropriateness of medium. Of the remainder, about
25 are rejected after review and 65 are published. Of these, the vast
majority undcrgo some revision of content beyond minor corrections of
spelling, punctuation, usage, and the like. According to recent records,
only 20 per cent of the manuscripts are published essentially 88 re­
ceived.

Of the manuscripts listed as rejected, some are actually withdrawn
by the author who refuses to accept rather drastic revision (and usua1Iy
condensation) imposed by the editors as a condition for publication.
Many of these manuscripts are eventually published in another journal,
and of course it is the privilege of the author to seek another outlet if
he feels that the editorial decision is unwananted.

The purpose of this editorial is to point out, first of all, that authors
are encouraged to offer rebuttal arguments against criticisms they re­
gard as incorrect or unfair, and secondly, that moat manuscripts can
be, and actually are, improved by revision. The most important func­
tion of the reviewers is to serve as an unusually well-informed micro­
cosm of the readership, and, as such, to help the author pl'li8ent hia
work in the best light.

ANAl.YTlCAl CHEMISTRY,.VOL 43, NO.3, MARCH'1971. ." 117.



Novel Peak Matching Technique by Means of a New and
Combined Multiple Ion Detector-Peak Matcher Device

Elemental Analyses of Compounds in Submicrogram
Quantities without Prior Isolation

Carl-Gustaf Hammar' and Ronny Hessling

Department of Toxicology, Swedish Medical Research Council, Karolinsko Institutet. S-104 01 Stockholm 60. Sweden

The multiple ion detector (MID), built as an accessory
to a combined gas chromatograph-single focusing mass
spectrometer, allows simultaneous recordings of three
different masses within a mass range of 20%. The
recorded mass traces are continuous. The intensities
of the different masses may be individually amplified.
The Interference of the column bleed is overcome by
Individual bucking controls. The different accelerating
voltages required. are obtained by adding voltages
(0 to +700 V) to the basic accelerating voltage (3500 V).
Fast switching between the selected voltages allows
simultaneous recording of the total ion current. The
MID accessory is easily converted to a peak matcher
device by addition of a sweep voltage generator. This
allows a novel peak matching technique to perform
elemental analyses of nonisolated compounds In sub­
microgram quantities during their elution from a GC
column using a single focusing mass spectrometer.
The compounds are matched afterward using the re­
corded peaks of the respective compounds. This allows
a statistical treatment of all the data obtained from the
records of multiple sweep cycles. Knowing the sweep
voltage constant and the accelerating voltages used,
the accurate mass of an unknown compound may be
calculated and Its empirical formula deduced. Per­
formed mass determinations of either isolated or non­
Isolated compounds had a mean error of a few ppm
at a static resolution of only 50Q-lioo, which favors the
sensitivity. The dynamic resolution was about 70,000.

COMDINED GAS CHROMATOORAPHY-MASS SPECTROMETRY (GC·
MS) offers several important and well documented advan­
tages~.g.• mass spectra can be obtained of small quantities
of organic compounds, even in complex mixtures, if the com·
pounds can be volatilized and eluled as single components by
the GC column.

Even if the GC procedure fails to separate the compounds in
the mixture. it may still be possible to resolve the components
by recording the changing intensities of two selected. charac­
teristic ion fragments or mass numbers simultaneously during
the elution of the mixture from the GC column (I. 2).

If, in addition to being incompletely resolved by the GC
column, the amounts of compounds prescnt are too smaU to
allow interpretable mass spectra to be recorded. it is possible
to use a technique which has tentatively been called mass
fragmentography (3. 4).
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In this latter technique the mass spectrometer is utilized as
a uniquely selective GC detector, which is capable of detecting
multiple ionic species simultaneously and with great sensitivity.
At least two mass numb::rs characteristic of the compound(s)
in question arc chosen, and the ratio of the intensities of these
selected masses is used to characterize the components of the
effluent. Further confirmation of molecular identity can be
obtained by refocusing upon additional characteristic frag­
ments and molecular ion(s). By this technique as little as
100-1 picograms of drug (10- 10-10-1: gram) have been de­
tected and identified in unresolved gas chromatographic
effluents (3).

The new multiple ion detector (MID) offers a new way of
recording the selected masses, an expanded mass rdnge (20%),
great sensitivity in that each channel has individual base-line
and gain controls and efficient filtration of the signals, and
fast switching of the accelerating voltage which allows simul­
taneous recording of the selected masses and total ion current.

In line with these improvements and developments, made to
facilitate analyses of small amounts of components present in
complex mixtures of panicularly biological origin, we have
also created possibilities to perform elemental analyses of
nonisolated compounds present in submicrogram amounts.

Elemental analyses as performed by mass spectrometry.
especially when the peak matching technique is employed. is
generally thought to require prior isolation of the compound
and the usc of a high resolution instrument (5). When the
only instrumental facility available is a low resolution mass
spectrometer, the peak matching technique is the only alterna­
tive by which elemental analyses can be performed.

By means ofa combined gas chromatograph-low resolution
mass spectrometer, the new peak matcher device and the
tcchnique reported in this article, we are now able to pcrform
accurate mass determinations of compounds during their
elution from a GC column. The device is identical to the
MID accessory with the exception of the addition of a sweep
voltage generator.

EXPERIMENTAL

Instrumentation. The combined gas chromatograph-single
focusing mass spectrometer used is the LK B 9000 equipped
with mass marker. direct inlet. and heated inlet system (LKB
Produkter AB. Stockholm. Sweden). a direct recording
oscillograph, ABEM Ultralette (Svenska Diamantbergborrn­
ings AB, Stockholm, Sweden) and a potentiometric micro~

voltmeter, Medistor model A-75A (Seattle. Wash .• USA).
Schematic diagrams of the MID-accessory (Patent pending)

and its conversion to the peak matcher device (Patent pending)
arc shown in Figure IA and lB. respectively.

(5) W. J. McMurray. B. N. Greene. and S. R. Lipsky. ANAL.
0 ...... 38, 1194 (1966).



Figure lAo Schematic diagram of the new multiple ion detector (MID)

RESULTS AND DISCUSSION

Principle and Description of the Multiple Ion Detector.
The relationship ml< ~ R'H'/2 V (m = mass of the ion
with the charge = <, usually < = I; R ~ radius of the ion
beam; H ~ magnetic fie'ld, and V = accelerating voltage)
indicates that, if the magnetic field is kept constant, a de­
creased accelerating voltage wiU bring a higher mass into focus,
and vice versa (J, 2). A schematic diagram of the new mul­
liple ion detector (MID) based upon this principle is shown in
Figure IA. Three different accelerating voltages can be
applied, alternating between the three channels. This allows
three different masses to be monitored continuously.

The basic accelerating voltage (V. = 3500 volts) is unnltered
while each channel, when in action, adds a certain, preset
voltage (V.) to provide the different accelerating voltages
(V. + V. ~ 3500 VOllS). Between 0 and +700 volts of extra
voltage can be added to each channel. This allows focusing
upon masses which may differ by as much as 20% from each
other (20% of the lower mass or 16.7% of the higher mass).

The scqucncc-conlrol brings the channels into action by
alternating sequcntiaUy between them. Each channel in tum
is activated for 25 rosec, resulting in a switching frequency of
40 Hz. This means that during these 25 msee the voltage of
the channel (V.) plus the basic accelerating voltage (V.) act
upon the ions formed in the ion source. Ions, whose mass is
appropriate for this accelerating voltage and magnetic field,
will hit the collector and give rise to signals.

Each channel has its own 5/H circuit, bucking unit (coarse
and fine), filters, and gain control. The connection of the
coarse·bucking as well as the 5/H circuit are timed by the
sequence control to coincide with the addition of the voltage
to the basic accelerating voltage. The bucking current is fed
together with the signals to the 5/H circuit, and from there
through the selected filter (0.01, 0.1, 0.5, I, 5, or 10 Hz) to
still another amplifier with an adjustable gain (0 to 10 times).
Finally, the signals are passed to the current booster. Here
they can again be combined with an additional small positive
or negative bucking current from the fine bucking unit before
they reach the VV recorder and cause the galvanometer for
the channel to be deftected.

When the sequence control switches to the second channel,
the first and the third channel are disconnected, but the 5/H
circuits of these channels maintain the levels of the last signals
and thus the same galvanometer deftections until the circuils
receive new signals from the operational amplifiers. As each
channel has its own galvanometer, the recorded curves, repre·
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Figure lB. Schematic diagram of how a sweep voltage gen­
erator converts the MID·acccssory to 0 peak matcher device

scnting different masses, will be continuous and make the
records easily interpretable.

Separate and Variable Amplification Systems for Each
Channel. The usefulness of the tenfold amplification system
can be illustrated by recording three different fragment ions,
e.g., mle 204, 219, and 232, oftriftuoroacetylated nortriptyline,
50{'Y-monomethylaminopropylidene}-5H-<libenzo[a,dJ [1,4]­
cycloheptadiene (NT-TFA). A plotted mass spectrum of
NT-TFA is shown in Figure 2, upper panel.

If these masses are recorded with the same gain on each
channel, the result shown in Figure 2, lower left panel, will be
obtained. Mass number 204 is almost lost and its intensity
cannot be amplified by increasing the multiplier voltage,
without ml< 232 becoming too intense, and thus lost. If
instead, the gain ofeach channel is adjusted to compensate for
the differences in the intensities of these ions, the recording
looks like that in Figure 2, lower right panel. The true rel­
ative intensities of these ions may be calculated from the gain
settings. The application of variable amplification thus
allows a more accurate determination of the ratios between
the intensities or peak heights, of the selected mass numbers
(compare the two figures). This allows compounds to be
identified from the relative intensities of the chosen mass
numbers, as well as from the retention time. By comparing
these two figures, it is obvious that the adjustable gain controls
create the possibility of a greater dynamic range of recording.
Another aspect of the usefulness of separate gains is that if two
compounds arc prescnt in an extract in quite different
amounts, this difference can be compensated in the recording
by using appropriate gain settings and thus allowing deter­
mination of both substances during the same analysis.

Bucking Vnit. The bucking unit makes it possible to
balance out the signals caused by column bleed and thus to
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Figure 2. Upper panel. Mass spectrum of Irllluoroacelyialed nortrlplyline (NT­
TFA)
Lower panels. Ion speclJlc recordings of 50 ng of triOuoroacelylaled nortriptyline

GC coDdldons: coiled g1ass column, 1.1 m X 1.5 mm I.d., packed ..lib 0.75% OV-17 DD
Chromosorb G (1OD-120 M). Column temperature: 220 ·C. Corrier gas (He) flo..: 20
ml/mlD. Paper .peed: 2.5 em/mlD. Focused mass numbers are 204, 219, aDd 232. loniza­
don energy: 18 eV. y-axes represent ion intensities

Lower left panel. Recording obtained wllb Ihe same gain...ltlng on .11 channels.
mle 204 is the smallest peak and mle 232 is the largest one

Lower rlghl panel. Recording obtained wilb dlII'erenl gaio-seltings, mle = 204­
gain = 10; mle = 219-gain = 2; and mle232-gain = 0.5

bring the base lines of the channels to the same level. This
unit eliminates, under isothermal conditions, the potentially
deleterious effect of column bleed upon sensitivity. As the
masses, present in the column bleed, all the time will give
rise to different base lines at different levels, they will also
affect tJie dynamic recording range. Such a limitation be­
comes worse, if the gain sensitivity is increased. Without
a bucking unil, the column bleed may even exclude certain
mass numbersfrom sludy.

Fillers. Electronic noise as well as other instabilities of
nolloo low frequency may be efficienlly removed by employ­
ing appropriale fillers, and thUs improving the signal to
noise ratio. An e!ficienl filtration of the signals is achieved
by using sample-hold circuits and six different filler settings:
0.05, 0.1, 0.5, I, 5, and 10 Hz. The filter requirement de­
pends upon the expecled rale of Ihe galvanometer .dellection.

Owmel Ideatlllcalion. The recorded curves are idenlified
by eJectronica11y generaled spikes. Channel I has no mark­
ing, U has spikes upward, III has spikes downward. Spike
frequencies can be generated at 2 Hz, 0.25 Hz, or 0.05 Hz
10 allow appropriate marking al differenl recording speeds.

SlmuI_ Selective and Nonselective Ion Current
ReconIIng. The high swilching frequency of the accelerating
voltage allows the total ion currenl (I1e) to be recorded al
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the same time as the ion current of the selected mass num­
bers-a simultaneous nonselective and highly selective re­
cording. Such a simultaneous recording (Figure 3) may,
for example, help selecl TIC peaks which belong 10 a certain
group of compounds, and mass spectra can then be obtained
for the peaks of grcatest interesl.

Prineiples of Common and Novel Peak Malching Techniques.
The common way of visualizing ions of a certain mass is to
sweep Ihe beam of the ion over the colleclor slil, while Ihe
change in the ion current is recorded on an oscilloscope
screen. The distribution of the ions, as presented on the
screen, will be a Gaussian~shaped curve. A small external,
continuously variable magnetic field may be applied to pro­
duce Ihis sweep of Ihe ion beam.

In Ihe usual lechnique of peak malching, Ihe Gaussian
curves representing Ihe respective ions of the unknown and the
known compound are superimposed on an oscilloscope screen
by adjusting Ihe accelerating voltage by means of a precision
decade. This decade is calibmted 10 read Ihe ratio (r) of Ihe
masses of the Iwo ions. The selling of the decade, when both
curves are superimposed, or "matched,H is used to calculate
the accurale value of Ihe unknown mass according to:

r ... M!iAbo_ if M-uao... > MboWll (or vice versa), r being
M...~



Figure 3. Simultaneous 100 specific IUId lolal 100
current recordings nf an extract nf urine from a patiellt
receiving Dortriptyline

Extract treated with trilluoroacede U1hydridt. GC coo­
ditions as In Figure 2 except for 10_ coIWDD lemp.
Paper speed: 1 em/min

Upper panel. Total I... c:wTOIIt rec:onIlng

1.0...... panel. SlmullaDeOU5 recordlng of fOCUlOd mass
numben 21, 230, IlIld 232. Equal llIllD-settiDp ... all
cbannels. lonlzatlon .......y: 35 tV

ments, or ions formed from the GC column bleed. The ions
of the same mass are focused in the second channel but are
brought slightly out of focus in the first and third channels.

This means that the applied voltage on the first channel is
a few volts too high (V,) and on the third one is a few volts too
low (V,) but correct for optimum focus (V,) on the second
channel. In symbols this can be written as (V. + V,) >
(V. + V,) > (V. + V,).

The defocused ions are brought into focus by the sweep
voltage, first on the third channel, last on the first one, as the
sweep goes from plus to minus. At the midpoint, when the
sweep voltage is zero, the focused ions will appear on channel
two. In symbols this may be expressed as VM' - V. + V, +
k·t, = V. + V, + 0 = V. + V, - k·t,.

The appearance of the ions on the different channels is
recorded by means of a UV recorder. Such a recording is

always greater than 1.0 because of the design of the instru­
ments. It is only the curve representing the higher mass
which can be moved by changing the decade setting. This
means that the position of the curve of the lower mass (ad­
justable with the magnetic field) is the reference point-the
matching position. In this position the precision decade may
be calibrated, e.g., by using known substances. The accel­
crating voltage enters the expression for the mass ratio as
follows:

r = V~ = M1l1&1l

V...d Mlow

but the value of the accelerating voltages need not be known.
Contrary to this method, our technique consists of sweeping

the ion beam by continuously varying the accelerating voltage
over a small range (Figure IB) while recording each sweep
cycle on paper. Knowing the exact value of the accelerating
voltage at eyery point in the sweep cycle, the peak matching is
done afterward from these permanent records. Several alter.
native matching positions can be chosen as each sweep cycle is
recorded, and the results may be treated statistically. Either
the sweep constant or the actual accelerating voltage at the
selected matching position may be determined simultaneously
with the mass of an unknown compound. The selected
masses are recorded simultaneously during the sweep cycle,
thus improving the accuracy of the mass determination.

Sweep Voltage and Determination of S..·ccp Constant, k.
In this technique the accelerating voltagc may be regarded as
the sum of three different potentials: (I) the basic accelerating
voltage (V. = 3.5 kV) which is always kept unchanged; (2) the
applied channel voltage (VA) which is added to V. to bring
a ccrtain mass into focus; V" can be varied individually from
oto + 700 volts; and (3) the sweep voltage is a linear function
of time and is thus a dynamic potential, in contrast to the
above mentioned potentials which are fixed.

The sweep voltage starts at about +7 volts, passes zero
volts and ends at about -7 volts. After the end point of the
sweep is reached, the sweep starts automatically again. The
sweep time is about 3 seconds. Neither the start nor the end
points of the sweep must be known exactly. The linearity and
the short-time reproducibility of the sweep are the important
parameters. At the moment the linearity is not satisfactory.
It is, however, possible to compensate partly for the non­
linearity in an empirical way Bnd still perform accurate mass
determinations. (We intend to make another sweep generator
based upon other principles to eliminate the nonlinearity of
the existing one and to achievc some other advantages which
should lead to still better accuracy.) The reproducibility may
vary slightly with changes in room temperature. However,
this may easily be overcome by determining the sweep con­
stant just before, or simultaneously with, the peak matching.

The voltage which is added to(V. + VA)at a certain moment
by the sweep may be expressed by the sweep constant k (volts!
sec) times the time-distance t (sec) measured from the zero­
volt-point of the sweep. Thus, the active accelerating voltage
(V.d ) at any time during the sweep is given by the expression:
V~, = V. + VA ± k·t. As the sweep goes from plus to
minus, k becomes negative. By definition, I is negative before
the zero-volt-point of the sweep and becomes positive after
passing this point. The sweep adds to (V. + VA) positive
voltages between the starting point and the zero point of the
sweep [(-k)·(-t) = +k·t)] and negative voltages between
the zero point to the end of the sweep [(-k)·(+t) = -k·t)].

The sweep constant (k) is determined by focusing upon ions
of an arbitrary mass. The ions may be molecular ions, frag-

'"

10 1S min
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Flame ... RecordJDp of II8aJe Iweep C)'deL 11Ie three peakI
rep.-t cWr_t 1IlOIecuIar... 11Ie -U IPikes 011 two of
!be peakI are for clIa-.lldaltlllcatioa. 11Ie)'4l<f8 rep.-t
loa 1IItA!MItIeI

Upper pueL 11Ie IbouIder 011 !be rIabt...... peak Is from
u IIIIIaOhed CGIII~ud IDted..... wItb tile taterpreatloD
of tWo reo:ord

MldcIIe pueI. 11Ie width of !be r1ght-aad peak also ...
dlc:alf8lDted_

Lower pueL SuItable rec:ordIDg for peak matdlilll. 1bIs
reo:ord "WI a bltlber ..-Iatioa (Darrower peakI) tbu !be
abo'" ....... beca_ or a aarrower aUt width. One of the
CGIIIJlCIlIIl9~ abo... wu replaced

shown in Figure 4. In spite of the switcbing of the accel­
erating voltage, the curws presented are continuous and
II1IOOth. This is achieved by using the sample-bold circuits
and appropriate. (J. - I Hz). The recording goes from
left to riabl, from positive to nqative sweep voltage. The
sweep of the ioo beam o.u the collector slit is thus recorded as
a Oausaian~pcd curve, where each increment or"the curve
comspoods to a ccr1ain accelerating voltage. Regarding the
curve produced by ODe channel, tbcre is only one part of its
active acc:cIcrating voltage which is not constant-vis., the
applied sweep voltaae.

The active acc:cIcrating vollagc (Y,..) at tbe center of the
CW'YC. the peak center. has to have exactly that value whicb is
equal to the ratio of the atrcnatb of the applied magnetic 6cld
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(H) and the accurate mass value (m) of the selected Ions
(Y... - R'H"e/2mwhereR - mcanradiusoftheionbcam
ande - cbarac ofthe ion, usually I).

If the same mass is recorded on aU tbrec channels, as men­
tioned earlier, the distances between the peak centers have to
be equivalent to the cbanac of the sweep voltaac. as well as to
the differences in the applied voltages which are kept constant
during the run. It is only YM' which is the same for all these
channels according to the above mentioned equations.

As Y. ( = 35 kV) is constant and does not enler into the
calculation of the sweep constant (k), we are for the moment
not interested in its exact value. The only voltages we have
to know are the applied ones, which are measured immediately
after a run by means of a potentiometric microvoltmeter
(Mediator) with an accuracy of about ±2-3 mY. Thus, the
values of Y, > Y, > V, arc known.

The calculations for finding the peak centers and the dis­
tanc:es between them are done by measuring the peak width at
approximately half the peak height, using an ordinary ruler.
A point on the increasing part of the first, for example the
peak shown on the left in Figure 4, lower panel, is chosen as
the zero point of a coordinate system. From this point, the
positions of the peak centers and the distances between them
can be measured.

Usually, 10 to 12 successive runs or sweep cycles are re­
corded which takes about 30 seconds to perform. 11 is always
the mean values of the distances between the peak cenlers
whicb are used in the further calculations. The standard
deviation is astonishingly small (about ±0.5 mm at a paper
speed of 100 mm/sec,) particularly when taking into account
the inaccurate measurements of the distances and that all
instabilities of the entire system are included in this value.

When both the applied voltages and the distances between
the corresponding peak centers are known, it is possible to
determine the sweep constant, k, as the following relationship
has to be valid:

k = Y, - V. = V, - Y, = V, - V.
Cl - C, Cl - C, c, - Ca

where CI, c" and Ca, respectively, are the positions of the peak
centers in the arbitrarily chosen coordinate system. Thus, k
will become negative and express volts/mm. Of course, the
value of k is related to the paper speed used. We are using a
paper speed of 100 mm/sec. From the relationship above, it
is obvious that it is not necessary to utilize aU three channels.
Repeated determinations of k have given a value of 0.04664
volt/mm or approximately 47 mV/mm at an accelerating
voltaac of 3847( = Y. + V.) volts. When this k value is used
at other accelerating voltages, it has to be corrected to fit these
potentials. This correction faclor will be discussed in connec­
tion with lhe expression of the mass ratio as a function of the
active accelerating voltages.

SeIectIoa of MJatcblng Position. We have to define a posi­
tion in the sweep at which we are going to match an unknown
mass with a known. Three alternative definitions have been
tested.

A. Matching position where the sweep voltage is zero:
The reference mass is focused by the magnetic field when the
sweep voltaac is grounded and thus zero. At this position the
active accelerating voltaac is the sum of the basic accelerating
voltaac (Y.) and the applied voltage (Y.). The latter voltage
has to be measured from one case to another, while the former
has to be calculated prior to or simultaneously with the peak
matching. In practice, difficulties were encountered in exact
and thus reproducible focusing and with small variations in



Vo (estimaJed to some hundred millivolts) if this was deter­
mined beforehand.

B. In order to eliminate the focusing difficulties we intra­
. duced on one of the channels a very fast spike, generated and
controlled by the sweep. This spike serves as indicator for
the matching position which means that both the unknown
and the reference peak have to be "moved" to this position in
order to be matched. Even if the position of the spike is not
at sweep zero, it is at a constant distance from zero. Thus
the calculated Vo at this spike will become the sum of the basic
accelerating voltage and a constant contribution of the sweep
voltage, which value depends upon the spike's position within
the sweep. The variations in Voare, however, not eliminated.

C. Any peak related to a known mass anywhere in the
sweep may serve as matching position if Vo (including the con­
tribution of the sweep voltage at the selected position) can be
detcrmined by using two different reference substances lo­
gether with the unknown. This is a way of including the
variations in Vo in the calculations, as well as of avoiding the
necessity ofexact focusing. The disadvantage of this alterna­
tive may perhaps be the need of two different reference com­
pounds with masses rather close to that of the unknown, and
an increased risk of interference by the produced fragments.

When using alternative B, it is possible to check the sweep
constant for each run but not Vo, which has to be assumed con­
stant, while for alternative C, it is the reverse. Alternative A
allows simultaneous determination of either k or Vo• This
limitation can be eliminated by adding a fourth channel, which
will allow a simultaneous determination of k, Vo, and the
unknown mass.

Determination of the Basic Accelerating Voltage, V., at
the Selected Matching Position. V. at the chosen matching
position is dctermined by matching two compounds with
known masses. The sweep constant, k, is determined simul­
taneously with V., if V. is determined prior to matching an
unknown substance.

In this technique, the expression of the mass ratio as a
function of the active accelerating voltages used to calculate
V. at the selected matching position, as well as the accurate
mass ofan unknown compound, is as follows:

Vo + V. ± k.d,v· + V,
m, Vo + V.

m. Vo + V, ± k.d,v0 + V,
V. + V,

V, and V. are the applied channel voltages. The matching
factor, k times the distance, d, between the peak and the
matching position, brings the respective peaks to superimpose
each other at the selected matching position. V, is the applied
channel voltage used at the determination of k. The ex­
pression

Vo + V,

V. + V.

is a correction factor for the matching factor, k·d, to adapt it
to the actual accelerating voltage (V. + V.). If the peak
center of m, or m. represents the matching position, k·d, and
k·d., respectively, becomes zero. As mentioned earlier, the
sign is dependent upon the direction in which the peak has to
be "moved." A peak appearing before the selected matching
position has a lower static accelerating voltage than that at the
matching position and vice versa as the sweep goes from plus
to minus. The matching factor (k·d) is thus positive before
the matching position and negative after.

Peak MatddDll of IIolated Com-a. The m/e value of
the molecular ion of the unknown compound to be matched
is assumed to be known, e.g., from a previously scanned
mass spectrum. The reference should theoretically be chosen
so that its molecular ion will be as close as possible to that
of the unknown. In spite of this requirement, as illustrated
in the example below, mass differences of 14 (amu), cor­
responding to about 6% of the whole mass, have been
acceptable.

An example of the set-up procedure is as follows:
The matching position is chosen according to alternative C

which means that a peak representiDJl a known mass is se­
lected. V. has now to be determined at this position and,
simultaneously, k can be determined. In order to simplify
the procedure, the unknown together with the two references
is introduced at the same time into the ion source by means of
the direct inlet system. An appropriate voll8lle is applied to
one of the channels (e.g., No.1) and the magnetic field is used
to bring into focus the molecular ion of that reference sub­
stance which is going to serve as the matching compound
The same ions are slightly defocused in the second cbannel by
applying a suboptimal accelerating voltage. This produces
a recording which shows two separated peaks. This separa­
tion of peaks increases the accuracy with which the distance
between the peak centers is measured. By means of a sub­
optimal voltage applied to the third channel, the molecular
ions of the second reference are also slightly defocused, pref­
erably on the same side of the matching position as the other
defocused ions. This is done to decrease the inOuence of a
nonlinear sweep.

After this focusing procedure, the switchinll between the
three channels and the sweep are started. The reference
peaks are then adjusted by means of the individual channel
gains to give approximately the same height, after which the
recording can be started. Immediately after a recording is
finished, e.g., 10-15 sweep cycles, the applied voltages are
read by the potentiometric microvoltmeter (Medistor) with
the sweep grounded. The distances between the peaks are
then measured as described earlier.

The information obtained from the recordiDJl, together
with the measured channel voltages and the known masses,
allows determination of k (first and second channel) and Vo

(first and third channel) for the peak produced by the first
channel.

The peak matching of the unknown compound may now be
performed by only applying the required voltage either on the
second channel which allows simultaneous determination of
V., or on the third channel which allows simultaneous deter­
mination of k. The applied channel voltage required to
focus the molecular ion of the unknown by the second or
third channel is estimated from the following expression:

V = ( m.._ ) (Vo + VI) - Vo
muboW1ll

where m represents whole mass numbers and V. is the applied
voltage on the first channel chosen for the matchinll position.
This estimated voltage is sullicient to brinll the unknown ion
into focus by the sweep, as the sweep covers several volts.
This approach is necessary when nonisolated compounds are
to be peak matched durinll their elution from a GC column,
as there is no time to adjust this vo!l8lle.

The accurate molecular weight of the unknown compound
is calculated by means of the same fonnula used tn calculate
Vo (see above). It is just to substitute m. with m. and the
corresponding voltage(y.) and peak distance (d.,).
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Table I. DetermlDatioo of Molecular
Weights of Isolated Compounds

Conect IIIOIecWar "olPts - 252.1626, 266.1783, aJld 180.1939

Calculated mass Mass deviation Error in ppm

252.1639 +0.0013 +5
252.1634 +0.0008 +3
252.1624 -0.0002 -0.9
252.1641 +0.0015 +6
252.1628 +0.0002 +0.7
252.1616 -0.0010 -4
252.16)() ±0.0008 ±3

266.1778 -0.0005 -2
266.1794 +0.0011 +4
266.1799 +0.0016 +6
266.1783 +0.00002 +0.08
266.1794 +0.0011 +4
266.1775 -0.0008 -3
266.1782 -0.0001 -0.45
266.1796 +0.0013 +5
266.1762 -0.0021 -8
266.1788 +0.0005 +2
266.1775 -0.0008 -3
266.1784 ±0.001l ±4
280.1954 +0.0025 +9
280.1928 -0.0011 -4
280.1931 -0.0008 -3
280.1928 -0.0011 -4
280.1935 ±0.001l ±4

About 20 test determinations of mok-cular weights have
been performed using this technique, including the substances
imipramine, 5-{1'-dimethylaminopropyl)-10,II-dihydro-5H­
dibenz[bJ]azepine (M+ = 280.1939), desmethylimipramine
(M+ = 266.1783) and didesmethylimipramine (M+ =
252.1626). Most of these tests were dooe by using a pre­
viously determined V. and simultaneously determining k and
the unknown mass. The deviations from the true values
varied from 0.08 ppm to about 10 ppm. The slit widths used
varied between 0.01-0.08 mm (ion source) and 0.05-0.2 mm
(collector) but these variations affected the accuracy of the
mass determination very little. Generally, the static resolu­
tion (10% valley) was about 500-600, while the dynamic
resolution obtained by this sweep voltage lechnique was about
70,000, or even more (depending upon the actual stability of
the system). About 20% of the measurements had an error
of I ppm and less but most were in the range 2 to 6 ppm.

The mean values of the calculated masses (Table I), ob­
tained from runS at different occasions, deviate + 1.6 ppm
(n - 6), +0.4 ppm (n - 11), respectively, -1.4 ppm (n = 4)
from the true ones. The same increase of the accuracy cannot
be achieved by increasing the number of recorded sweep
cycles because the errors in the measurements of the applied
voltages will not cancel each other.

Peak Matching of ia Compound, iii Submlcrogram Quantity
during Its Elution from a GC Column. The setting of the ap­
plied voltage of the channel which will be used to record the
unknown ion has to be calculated in odvanee. This, as well
as the set-up procedure, is deScribed above. After selection
of an appropriate sensitivity (multiplier voltage), the column
bleed is led into the ion source together with the reference(s),
and each channel is balanced to the same base line while the
accelerating voltage is switching and the sweep is in operation.

When the sample is injected into the GC column, the separa­
tion procedure may be followed in ordinary way by recording
the so-<:alled total ion current (TIC) even though the repetitive
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sweep is being applied. The accelerating voltage is not
switched but is kept at the calculated and preset vollage,
which will bring the ions of the unknown compound into
focus with the aid of the sweep voltage. By watching the
galvanometer deflection, the right moment is found to start
switching the accelerating voltage and to begin recording from
all three channels. To decide if it is the ions of the unknown
compound whkh have been recorded, we have to rely upon
the retention time determined from the TIC recording. It
may very well happen that other compounds in a complex
mixture give rise to the same mass number and thus will
become recorded. This constitutes a limitation of this tech­
nique, when 8 low resolution machine is used, since inter·
ference may be expected if two compounds giving rise to the
same mass number cannot be satisfactorily separated by the
GC procedure. However, this may be overcome by changing
GC conditions and derivative formation used. Whether inter­
ference exists or not may be observed by the shape of the ion
peak (see "Sources oferror" and Figure 4).

When testing this part of thc peak matching technique we
selected an unfavorable compound. This substance, nor·
triptyJine, 5-{1'-monomethylaminopropylidene)-5H-dibenro­
[a,d][I,4]cycloheptadiene (Nn, a secondary amine, has its
molecular ion at mass number 263 with a relative intensity
of about 0.4 % (Figure 5). Nonderivatized NT chromato­
graphs rather badly with a pronounced tailing under the
conditions used. About 500 nanograms (5 X 10-' g) of this
substance were injccted and nine measurable recordings of the
sweep cycle were obtained. The parent ion of didesmethyl­
imipramine, 252.1626, was used as reference. The width of
the slits was 0.05 mm and 0.15 mm, respectively. The
matching position was chosen according to alternative A.
The calculations based upon these nine recordings, with
varying ion intensities, gave a value of the molecular weight
which differed 8 ppm from the exact one. Repetition of this
test on different days gave deviations from the true value
ranging from 2 to 10 ppm. By injecting greater amounts, a
greater number of recordings of the sweep cycle could be
measured and thus a slight increase in accuracy could be
obtained.

The mean value calculated from eleven separate runs
(Table II) differs from the true value only with 0.0001 amu
equalling an error of +0.4 ppm.

Sources of Error. Instabilities in the basic accelerating
voltage, lhe applied voltages, the sweep voltage, and the mag­
netic field, as well as the measurements of voltages nnd dis­
tances between the respective peak centers, are some of the
sources of error. Mechanical vibrations of the analyzer
lube including the collector slit and the ratio between the
sampling time on each channel and the sweeping rate are
other examples.

The requirements for stability, etc., may be illustrated by
the following example. Three compounds, M+ = 252, 266,
and 280, respectively, were used. M+ = 280 was assumed to
be the unknown. By using the true mass values of M+ = 252
and 266, V. was calculated at a matching position equal to
the peak center of M+ = 266 (alternative C). A previously
determined value of k was used and was assumed to be un·
changed. Table III shows the measured values of the peak
distances.

In the first column, 3 out of 12 values arc outside the stan­
dard deviation, one (two stars) markedly, and in the second
one 5 out of 12 values are outside, again one markedly. Using
these mean values, the calculated mass of 280 differed 9 ppm
from the true one. Instead of using the measured distance
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FIlI\II"e 5. Normalized mass spectrum of nortriptyline. Moleadar Ion = 263 with a relathe~
of0,4%

Table m. DIstaDces lD DIJD between M+ - Z80 aDd
M+ = 266, and M+ = 252 Oblalned fl'Olll Twehe SlIceS'"

Sweep Cydes

Table n. Detenn1Dation of Moleealar
Weight of NooIoolated CompcMDI

(Molecnlar weillbts of NT (M+ - 263.16'74) __en- .....
differeot lajoclIons of 0.5-G.lI14I of !be~)

Calculated mass Mass deviation Error in ppm

280/266

51.15
49.90'
50.90
50.20
50.80
51.70
51.60
52.80*·
51.20
49.75·
50.25
50.30
50.88 ± 0.88 mm

between the peak centers of 50.88 mm, this distance was
reduced by the amount of tbe standard deviation to 50.0 mm
and the calculation was repeated. The error in the mass
determination now became 0.6 ppm. For the usual value of
0.047 volt/mm, 0.88 will correspond to 40 mY.

The sum of all errors, instabilities, readings of the applied
voltages, distance measurements etc., if expressed in mV, may
thus not exceed more tban some 10 mV (compare this to
e.g., the voltages we are dealing with, 4 kV = 4.10' mY) in
order to obtain a deviation ofa few ppm from the true value of
the mass.

Another source oferror is the sampling time os. tbe sweeping
rate. The sampling time will be 25 msec, as the switching
frequency is 40 Hz and during this time the sweep voltage will
be changed about 120 mV, as k is roughly 47 mV/mm at paper
speed 100 mm/sec. During these 25 msec the paper has
moved 2.5 mm. This means that the sampling time of each
channel is about five times longer than the estimated resolution
on the paper, if this is expressed in msec.

The reason that, in spite of tbis, sucb good results can be
achieved is because of the I·Hz filters which are used. These
filters smooth and idealize the curves. Theoretically, it would
be desirable to have a sampling time wbich is at least equal to
the resolution time, and an increased switching frequency.

Still another source of error may arise from a phase differ­
ence between the individual filters of each channel. These
have to be matched as exactly as possible.

A serious source of error is the present lack of a linear
sweep. This may, however, be partly overcome, e.g., by
focusing both the known mass (used to determine either k or
V.) and the unknown at the same side of the matching position.
If then a second peak matching can be performed, the in­
fluence of the nonlinearity of the sweep can be diminished by
using the values obtained from the first one to bring all peaks
as close as possible to the matching position. On the other
hand, this means that measuring the distance between the peak
centers will become more difficult, and probably also less

263.1652
263.1654
263.1686
263.1679
263.1647
263.1689
263.1694
263.1690
263.1682
263.1660
263.1692
263.1675

-0.0022
-0.0020
+0.0012
+0.0005
-0.0027
+0.00"
+0.0020
+0.0016
+0.0008
-0.0014
+0.0018
±0.0017

-8
-8
+5
+2

-10
+6
+8
+6
+3
-5
+7

±6.Sppm

266/252

46.25
46.40
45.65
46.20
45.45
45.45
44.05··
44.8S*
46.50
46.70'
46.90'
44.85·
4s':'77"±O. 87 DIJD
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lICClIrIlte. The results presented in this paper are all obtained
by single peak matching.

Nonresolved peaks may be another source oferror. As We
are working usually with very low resolution, peaks from
adjacent masses may very well interfere. The peak width and
the peak shape may serve as indication ofsuch interference as
is shown in Figure 4.

Indications, that the errors in manually measured peak
distances contribute very litlle to the overall error in mass
determination, have been obtained by having a computer
working "on·line" to perform these measurements. In spite
of its better resolution (about 3 mY/unit) compared to that
(about 47 mV/mm) obtained by using a ruler, the accuracy of
mass determination was not improved.

The Potential Use of This Peak Matching Teebnlque with
High ReooludoD Inatrumenlll. As we do not have access to a
double focusing mass spectrometer, we have not been able
to test this technique with such an instrument, but we believe
that it is possible to adapt this MID·PM accessory, in a
modified form, to these types of machines. Quisenberry,
Seolman, and Nier showed in 1956 (6) that, by keeping the
ratio between the 'potential of the electrostatic analyzer (V,)
and the accelerating voltage (V.) constant while these poten.
tials were simultaneously changed between two different
values, it was possible to compare two masses. The mass
difference was deduced from the setting of that resistor which
caused the change ofthe potential of the electrostatic analyzer.
Instead of reducing the potentials, we should provide the
electrostatic analyzer and the ion source with additional
positive or negative voltages to bring the desired masses into
focus. These voltages, including the sweep voltage, should
be applied in a ratio equal to the optimum of V,IV. in order to
maintain this ratio. This could be performed by means of a
voltage divider placed between the device and the instrument.
This divider could be made adjustable in order to be able to
optimize the ratio. There is also the possibility ofemploying
one device to regulate V, and the high voltage part ofa second
device to regulate V.. These two are synchronized by the
sequence control (compare Figure lA). As the potential of
V, is usually about a tenth of that of V., V. becomes easier to
aocurately regulate and measure than V.. This fact ern·

(6) K. S. Quisenberry, T. T. SColman, and A. O. Nier, Phys. Reo.,
102, 1071 (1956).
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pbasizes the advantage of using the V. voltages in the cal·
culation of the mass as well as indicating a better accuracy of
the mass determination than that obtainable by means of a
low resolution machine using the accelerating voltages. In
addition to this, there is the availability of high. enough static
resolution, offered by a double focusing instrument.

PooslbUities of Performing Peak Matcbing by Aid of Com­
puter. The way in which the signals, produced by the ions,
are handled by this MID-PM accessory, as well as the peak
matching technique itself, makes them well suited for further
treatments by a computer. To be able to calculate the peak
centers and the differences between them is mainly a question
ofsoftware. It is also possible to use the computer to control
the device, which then requires more sophisticated hardwares,
and at the same time to take care of the signals produced.
The computer can be programmed so that, upon order to
focus certain mass numbers, the device will be provided with
the required voltages. Information about the magnet selling,
expressed in mass number at a given accelerating voltage, has
of course to be given to the computer, which also will control
the sweep voltage. The computer will thus be able to do the
necessary calculations to control the whole system, and also
to treat the data received and present them as the accurate
mass of the unknown compound in a form of a mean value,
calculated from the repetitive sweep cycles and with the stan·
dard deviation. A number of possible empirical formulas
which are deduced from the obtained mean value and its
standard deviation will also be shown. Elemental analyses
will become possible to perform, within a minimum of time, by
means of this peak matching technique and by aid of a com·
puter.
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Ion Specific Detection of Internal Standards
Labelled with Stable Isotopes
Thomas E. Gaft'ney,' Carl-Gustaf Hammar,' Do HollIIStecJt, ud Robert E. MeMahon'
Department ofToxicology, S.wedlsh .Medlcal Research COlUlCit, Koro/iluka IlUtitutet, 104 01 Stockholm 60, SW«1eIl, and
The Lllty Re.eoch Laboratorle., Ind,anapall.., Ind.

The purpose of an Interna' standard In quantitative
analytical techniques Is to permit the analyst to correct
for losses of the compound under study. This requires
chemical similarity between the Internal standard
and the compound In question. When conventional gas
chromatographic detector systems are used, there
must at the same time be sufficient dissimilarity so
that the peaks from the compound and the standard
can be resolved. However, In the study described In
which the mass spectrometer Is used as the detector
for a gas chromatOgraphic effluent, there Is no need
for any chemical differences, and mass differences
alone are sufficient to discriminate between the com­
pound being analyzed and the standard. This allows
the use of the Ideal Internal standard, namely the actual
compound under stUdy modified to contain an In­
creased mass by the Introducllon of stable Isotopes.
Examples of the use of UN and/or deuterium labelled
compounds as Internal standards are given.

THE TECHNIQUE in which a mass spectrometer is used as an
ion-specific detector for a gas chromatographic effluent has
been used for Ihe qualitative identification of drugs and drug

I Present addresses. Division or Clinical Pharmacology. Depart­
ments of Pharmacology Bod Internal Medjcine. University of
Cincinnati, CoUege of Medicine. Cincinnati, Ohio.

t Present address, Research Depanmenl of the KABI Group.
5-104 25 Stockholm 30, Slmlen.

• Present address, The Lilly Research Laboratories, Eli Lilly
and Co., Indianapolis, Ind. 46206.

metabolites in biological ftuids (I). 1bc sensitivity, 10-"
gram, and ion.specificity of this teclmique 8Dd the need foc
sensitive, speciftc, and quantitati methods for studies in
the biology and medical sciences he encouraaed us to con-
sider innovations which may help this technique serve in a
quantitative as well as qualitative manner.

Since internal standards provide the greatest aeatrllcy in
quantitati... gas chromatography, we he... IeSlecI the use of
isotopicaUy labeUed internal standards (stable isotopes).
Our reasoning was that the best internal standard miabt be
the actual molecule under study modified to contain an in­
creased mass. For example, the substitution of UN for
UN and/or deuterium for hydrogen in a molecule should not
change its chemical characteristics but the inaease in mass
would allow the molecule to be easily distinguisbecJ from its
nonisotopic counterpart.

We ha... studied two possible internal standards foc nortrip­
tyline (NO, I.e. deuteraled nortriptyline (M + 2 AMU) and
deuterated and UN labelled (M + 3 AMU) nortriptyline.
An increase of two AMU enabled US to avoid interference
from the natural ''C present in the unlabelled NT. For
comparison with isotopically IabeUed internal standards, we
have used what has to date been our best unlabelled internal
standard for NT, namely IBD 78.

(I) C.-G. Hammar, B. Holmstedt, and R. Rybage, Anal. BIocItem.,
15, 532 (1968).
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(2) C.-G. Hammar and R. Hessling, ANAL. CHEM., 43, 298
(1971).

EXPERIMENl'AL

Materials and Methods. The study was performed using
the basic technique originally described by Hammar, Holm­
stedt, and Ryhage (/). The actual recordings were made,
however, using the recenUy developed Multiple Ion Detcctor
Accessory (MID) described by Hammar and Hessling (2).

FIllW'e Z. Recording of
!be molec:uJar 10lIl of
nortrIptylJae - trl81lO1'O­
aeetylaled (NT.TFA),
M 359, doubly-deute­
raled NT·TFA, M 361,
aDd deuteraled aDd ''N­
labelled NT.TFA, M
36:l
Two-llaadml _____

or each mmpound were
J.ajacted at zao _

A

'"
'"
'"

B

The focusing of individual channels of single ions was
achieved by first focusing with the manual magnetic field
control on a referenee ion introduced oia the direct inlet
probe. The remaining ions were then brought into focus
on the other channels by the addition or subtraction of ac­
eelerating voltages while the magnetic field was held constant.
The accuracy of focusing was confirmed during the elution
of the compounds from the column.

An all glass chromatographic column was used containing
0.5 %XE 60 and 0.25 %DC LSX on silanized Chromosorb G;
the internal diameter was 1.5 mm and the length about 1.2
meters. The flash heater and column were held at 220 and
190 °C, respectively. Helium flow was about 20 ml/minute.

Conditions included an ion souree temperature of 310 °C
and a separator temperature of 250°C. All recordings were
made at an ionization energy of 20 elcctron volts.

CbemicaJs Used. NT was obtained as thc hydrochloride
salt from the Lilly Company, U.S.A. Deuterium and "N
labelled NT were synthesized and provided as the hydro­
chloride salts by Dr. Frcd Marshall and Dr. Bill Laeefiled
of the Lilly Research Laboratories, Indianapolis, Ind. The
side-chains were labeled as -<:HCH,cD,NHCH., (the M +
2 compound) and =CHCH,cH,"NHCH, (the M + 3
compound). IBD 78, whose fonnula is shown in Figure I,
was provided by Sandoz Laboratories in Switzerland. De­
rivatives were prepared with trifiuoroacetic anhydride as the
reagent and dimethylformamide as the catalyst.

RESULTS AND DISCUSSION

Mass spectra confirmed the chemical identity, Figure I, of
each compound studied. The simultaneous but easily re­
solved elution of an equimolar mixture of the nortriptylines,

c

'"
,..

min 0 5 min 0

FIllW'e 3. Recordlags of M 359, M 36:l, and WOoI8-TFA, M 365

Two-lIIl of apedfIod COIIIpOUadl were lajec:ted at zao _. All three compounds were Injected
In 3 A aDd 3 B, bat M 359, NT-TFA, "as omIl1fld from the Injee:tlon Iihowaln 3 C. The capacity 01 Individual
dIaaaoI aDIp1Icatloaoy_ to nonaIIze peak bel&bllis Ibown by a comparison 01 3 A and 3 B. The lpedflcity
oftllo~..Io_pbubed by COIIIpariaoaof3 A ,,1th3 C
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Figure 4. Base peak fragmenlograms uf 100 picograms (A) and 50 picograms (8) ofNT-TFA, M.Z32, deuleraled NT-TFA, M 134,
and iBn 18, M 138

Minimal dlsorption produced by tile injection of sol..nl is sIlo"n In panel C. Nolice tile m1uced &lgnalo fJOllllBD
18-TFA compamllo that produced by tbe same concentrations of tile nortriptyllnes, M Z32 and M 234

A B

'"

5 0 5 10 min

Figure 5. Mass fragmeatograms of lrllluoroacetyialed extracts of human plasma "Itbout (A) and with (8) NT, M 359, and Ib
deuteraled COUDterpari M 361. 1nject10ll1s marked as zero time
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I.~. M, M+2 and M+3, is shown in Figures 2 and 3. The
elution characteristics of the three molecular ions emphasize
the chemical similarity between NT and its labelled counter­
parts, either one of which could function as an internal
standard for NT. The impressive resolving power of Ihe
technique as compared to the more commonly used chroma­
tographic detection systems is also evident. The chromato­
graphic characteristics of IBO 78 as compan:d to NT and M+ 3
is also shown in Figure 3. IBO 78 has different chromato­
graphic characteristics.

PerfOI'llWlCe of IIIt......1 SlaDdards Near the Limits of
Sensitivity. It is apparent that the usc of the hase peak
offers the highest sensitivity. For example, the elution of
100 and even SO picograms of NT-TFA is easily distinguished
as the base peak from the same concentrations of its iso·
topically labelled counlerpart, Figure 4. Even al this con­
centration, the chromatographic characteristics or NT-TFA
and M+2 Hre indistinguishable. In contrast, 100 and 50
picograms of IBO 78-TFA produce much lower signals than
the same concentrations of NT-TFA or M+2. This dif­
fereDce between IBO 78-TFA and the nortriptylines suggest
that more IBO 78-TFA is lost by column absorption.

Such a difference in column absorption between a com­
pound and the substance serving as its internal standard is
only one example of how the measured recovery of most in­
ternal standards probably docs not reOcet the recovery or the
compound under study. In the example shown in Figure 4,
the differential loss of IBD 78-TFA over NT-TFA would re­
sult in an overestimation of the concentration of NT that is
present.

Drup and IIItemal SIaDcIards ID BJoIogIc:al Materlala.
Biological samples present problems in that they must be
shown to be free of the substance or in this case, the mass
which is chosen as the "marker" for the internal standard.

Figure 5 shows a study of plasma before and after the addi­
tion of NT Hnd a possible internal standard-i.~., M+ 3.
The plasma is first shown to be free of NT and M+3, and
other substances with comparable retention times containing
the same masses. Figure 5, A and B demonstrate the elution
and resolution of the two substances after their addition to
the plasma. Notice that even though the background re­
corded from plasma (Figure 5) is greater than is seen with the
injection of methanolic solutions of reference material (Fig­
ures 2-4), the quality of the resolution of the two nortripty­
lines is adequate. Notice that had IBD 78-TFA been used
as the internal standard for this plasma sample, the broad
peaks present in the plasma extract, which represent the same
masses as arc found in IBD 78-TFA, could have interfered
with the resolution of IBD-78-TFA. This example of the
potential interference by non-drug substances in biological
samples emphasize the usefulness or internal standards which
have a retention time identical to the substance under study.

RECEIVED for review June 8, 1970. Accepted December I,
1970. This research was supported by the Clinical Pharma­
cology Fund or Cincinnati, Ohio. NIH-USPHS Grants HE
07392, GMI3 978, NlH3Roi MH, 12007~3SI. and by a grant
from the Wallenberg Foundation and Riksbankcns Jubileums­
foud, Stockholm, Sweden, Swedish Medical Research Council
No. B70-40X-2629·0I-02.

Multivariable Analysis of Quantitative X-Ray Emission Data

The System Zirconium Oxide-Aluminum Oxide-Silicon Oxide-Calcium

Oxide-Cerium Oxide

Donald A. Stepbenson

Ru~archand Deoelopm~nlLoboratori.., Corning Glass Works, Corning, N. Y. 14830

Guidelines for the correct use of statistical methods
for quantitative X-ray emission analysis of multicom­
ponent systems are set forth, and a general review and
discussion of the technique Is presented. The regres­
sion mode" first proposed by Alley and Myers Is the
on~ model, among many, that seems both physically
an statistically adequate for general application, and
Its use Is recommended before more elaborate models
are tried. A new procedure for the selection of syn­
thetic reference. standards covering any region of
Interest In any~mponentsystem In a homogeneous
fashion Is described and applied to the standardization
of part of the system zrO. (35-85 wt 'J{,)-AI,o. (S-SS wt
~Io. 0-10 wt 'J{,)'-CaO (S-15 wt 'J{,)-CeO. (S-15 wt 'J{,).
the residual error In the prediction of the ClImposltion
of the synthetic standards Is around 1 to 2'J{, relative,
which compares favorably with other methods of
ana',sls.

1HE MAnm.cATlCAL ImERPRErATlON of quantitative X.ray
emission data has steadily pined popularity during the last
decade. The spate ofactivity in this area is due largely to the
widespread availability of largc-scale computing facilities
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necessary to perform the complex calculations associated with
various techniques for treating the data. Numerous authors
have proposed equations that relate the conc~ntration of a
particular component in an unknown sample to the observed
intensity of characteristic X-rays of that and/or other com­
ponents through coefficients obtained from known standards
by either regression analysis-Lucas-Tooth and Price (J),
Sugimoto (2, 3), Lamborn and Sorenson (4), Lucas·Tooth and
Pyne (j). Alley and Myers (6, 7), Miller and Galletta (8),

(I) H. J. Lucas-Tooth and B. J. Price. M<tallurgia, 64.149 (1961).
(2) M. Sugimoto, Bu",,,ki·Xagaku. 11, 1168 (1962).
(3) Ibid., 12, 475 (1963).
(4) R. E. Lamborn and F. J. Sorenson, AdeaJl. X-Ray Mal., 6. 422

(1963).
(5) H. J. Lucas-Tooth andC. Pyne, ibid., 7,523 (1964).
(6) B. J. Alley and R. H. Myers, AN...... CHEM.,37. 1685 (1965).
(7) B. J. Alley and R. H. Myers, NOTelco Rep., XV. 87 (1968).
(8) L. D. Miller and F. A. Galletta, "Application or Computer

Techniques in the X-Ray Fluorescence Analysis of Iron Ore
Sinlers." Denver Conference on the Applications or X-Ray
Analysis. Denver, Colo., 1967.



n " "-1

Y. = a, + L: a.X, + L: a"X,' + L: a"X,X, (3)
i-1 i-1 i-1

i<j$'I1

where the Y.. nnd Xi may be either concentrations or intensi­
ties of the individual components. Since the bounding binary
curves are of a simple nalure. easily expressed by second de­
gree polynomials of the general form

Y, ~ a, + a,XI + a,X, + a,XI' + a,X,' + a,X,X, (2)

a linear combination of n such equations to form an n-dj·
mensional surface should also be expressible by an equation
of the second degree. thus

EXPERIMENTAL

The General Regression Equation. First consider any
general binary system A-B. The observed relative intensity
of characteristic X~rays from component A, as A varies from
oto 100%. can generate a curve of three possible types (Figure
I), depending upon whelber A X-rays are unaffecled. ab­
sorbed. or enhanced by the presence of B.

Any ternary, quaternary, or highe«omponent system will
always have bounding intensity cos. composition curves similar
to one of the three possibilities. These binary curves extend
into the n-component system 85 n~imensional surfaces that
arc continuous. As such, they may be represented by 8n

analytic function of either concentrations or intensities, Ciiz.,

(5)

(Sa)

(8b)

(Sc)

tx.= I
i-I

XI' = X,- X,X. - X,X,

X.' - X. - X,X. - X.X,

X,' = X, - X,X, - X.X,

~
C[
a:
-I<
C[

~

~
'"z
~
....
>

5....a:
0

The fact that the concentrations are subject to Ibe con­
straint

. .
r. = &. + L: &,X, + L: &"X,' +

i-I i-I

.-1

L: &./X,X/ +., (4)
i-I

i<iS"

lion-Hey (/1), Smith. Stephenson, Howie, and Hey (/3).
Even if all the sources of random and systematic error could
be estimated, the procedures involved in the correct statistical
treatment of lhe data probably offer no substantial improve­
ment in the accuracy in which the concentrations of the in­
dividual components may be estimated. so for practical pur­
poses the regression equation of choice becomes

CONCENTRATION OF B

Figure 1. mustration of possible variation of X......y InIeal1ly
observed from compooeot A In a bypotbetleal binary 1)'11_
A-B

leads to a simplification of Equation 3, wherebY fewer c0­

efficients a are required to specify the Yo. This will be shown
for the ternary case.

It follows from Equation 5 that

aJ,X, + X. + X,) = a, = a.X, + a.X. + a,X, (6)

Substituling 6 into 3 gives

Y. = (a, + al)X, + (a, + a,)X. + (a. +a,)X, +
(a"XIX.) + (a"X,X,) + (a..X.X,) + a"X,' +

a..X,' + a ..X,' (7)

Equation 5 can be multiplied by X.. X•• and X, in turn to give

Top cune ",_IS_t by compo_l B, mlddIe cane
....... no eft"ect by !be addition of B, and _ cane ladk:alel
absorption ofAX....y. by B

(1)i ~ I,nY, =}(X,),

Milchell (9}-or Ibe solution of simultaneous equations­
Beattie and Brissey (10). Criss and Birks (1/). While all
these equations probably apply well enough to narrow ranges
of compositional variation encountered in such areas as
quality control or the routine analysis of very similar samples.
only Ibe method outlined by Alley and Myers (6, 7) is suffi­
ciently general to reliably include very large compositional
variation.

The aim of Ibis paper is to demonstrate Ibat Ibe melbods
proposed by Alley and Myers are indeed physically and
statistically applicable to a general n-<:omponent system. to
simplify Ibe procedure for selecting reference standards. and
to demonstrate the optimization of Ibe regression equations
relating the concentrations of individual components to ob­
served X-ray intensities.

By determining the coefficients a. the n-dimensional in­
tensity os. eomposilion surface may be specified for cach com­
ponent. To apply conventional regression analysis to Equa­
tion 3 in hopes of predicting the concentrations of the in­
dividual components from a knowledge of measured X-ray
intensities of unknowns, the Xi are required to be known
concentrations and the Yi measured X-ray intensities. Fur..
thermore, in the absence of replication, any error is assumed
to fall upon the dependent variate Y, and be symmetrically
and independently distributed. Clearly. there arc errors
associated with the Xi. since no chemical analysis is perfecl
nor can the preparation of synthetic reference standards be
perfect. The error associated wilh obtaining X-ray intensities
is quasi-normal for high couol rates, because Poisson counling
statistics approach the normal distribution. Strictly speaking.
the application of conventional regression techniques to this
problem is mathematically invalid. Advanced statistical
methods have been developed for treating the case where all
variates carry errors that are symmetrically and independenlly
distributed and can be assigned a probability density func-

(9) B. J. Mitchell, AdrxlII. X-RDy Al/a/.• lI. 129 (1968).
(10) H.J. &anieand R. M. Brissey, ANAL. CH..... :u. 981 (1954).
(II) J. W. Criss and L. S. Birlts./bid.• 40, t08O(1968).

(12) M. H. Hey. Minerai. Mag.• 37, 83 (1969).
(13) J. V. Smilh, D. A. Stephenson. R. A. Howie. and M. H. Hey,

ibid.. p90.
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Substituting these into 7 results in

Y, = (ao + a, + an)X, + (ao + a, + a,,)X, +
(ao + a, + a..)X, + (a" - an - a.,jX,X, +

(au - au - Qu)X1XJ + (a:s - a:1 - aulXtXJ (9)

and letting Qo + al + all = PI. etc., W~ arrive at

Y, = P,X, + P,X, + P,X, + P,X,X, + ;I,X,X, + ;I,X,X,

(10)

Or for the general n<omponent S:rS(t:Ol

" .-1

Y. = I: P,X. + I: ;I"X, X,
i-I 1-1

i<i~"

(II)

Table I. Ranges of Variation of End-Member
Components In Weight Fraction

Range of variation in weight fraction
Component Required range Range for NPO'NTS-

ZrO, 0.35-0.85 0.30--1.00
AI,O, 0.05-0.55 0.00-0.65
SiO, O.OHl.1O 0.00-0.20
Cao 0.05-0.15 0.00-0.15
CeO. 0.05-0.15 0.00-0.20

• Since NPOINTS places all calculated points within the specified
range required, limits of variation frequently need to be widened to
obtain the necessary spread.

This is Scheffe's (14) "canonical" polynomial for second-degree
cquations. Hence. only (n + n'):2 coefficients need to be
determined to completd)' sp::cify an n--dimensiooal intensity
liS. composition surface.

The problem that now arises is that the n equations relating
intensities to cOllC'entrations caMol be inverted for the esti·
matioo of the conc:entrB.tions since the matrix of coefficients
is not square, and in addition a singular linear relation (Equa­
tion l) exists bet'oll'ee11 the independent variates so that no
conventional regression analysis program is competent to
handle the inversion of the full general model given in Equa­
tion 1J. Consequently, there is no ahemative except
changing the roles of the Y; and Xi to arrive at the preliminary
model of the intensity [lS. composition surface. This now
forces all error upon the concentrations of the individual
components of the standards. To ensure that the sum of the
observed X.ray intensities for each reference standard is as
near 1.0 as possible (so that the arguments given by Equations
5 through II also on the aoerage apply to intensities), the ob­
served number of X-ray counts from each component should
be divided by the number of counts oblained from end-mem­
ber (pure oxide) primary reference standards. This, or some
similar procedure, is normally done anyway to eliminate in­
strumental drift. Changing notation now, the preliminary
regression model is

.-1

t, ~ I: ~,r. + I: B"M, + " (12)
i-I i-I

i<i~n

where ,i:: stands for the estimated weight fmction of the ith
component, I, is the observed X-ray intensity of the ith com­
ponent relative to the pure end-member. and the Bare regres­
sion coefficients to be estimated by ordinary least-squares
techniques. Equation 12 was first proposed by Alley and
Myers (7).

SeIectlon of Refenoce Standards. Womeldorph (15) and
Alley and Myers '(7) introduced the concept of simplex lattices
to the field of X-my emission spectrometry to simplify solving
for the coefficients of Equation 11 and to rigorously test the
applicability of the model. Further references to simplex
lattices are given by Thompson and Myers (16). When
Equation 12 is used to estimate 'concentrations directly from
intensities. the rigid requirements on the selection of reference
standards on a simplex lattice need no longer apply. What
is now required is the selection of an adequate number of
standards. hopefully covering the compositional region of
interest in some homogeneous fashion. For limited mnges of
variation-say no more than 10 to 20% relative-a representa-

(14) H, Scheffe, J. Roy. Statistical Soc., Series B, W. 344 (1958).
(15) D. E. Womeldorph, Jr., "Estimation in the Use of X-Ray

Fluorescence Method and Use of Reference Components in
Mixture Experimental Designs," Doctorate Thesis. Virginia
Polytechnic Institute. Blacksburg, Va., 1966.

(16) W. O. Thompson and R. H. Myers, Teehnametrics, 10, 739
(1968).
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tive selection of standards around twice the number required
is usually sufficient to obtain good estimates of the coefficients.
Wide compositional variation in multicomponent systems
poses problems if only ~hemicallyanalyzed reference standards
arc available, in that it may become rather difl1cult to secure
standards covering the required range of variation, and, even
if a good selection of standards were available, it is difticull to
avoid clustering them in one or more subregions within the
main region of interest. To aid in the preparation of syn­
thetic standards that cover the region of interest in a sys­
tematic manner, n Fortran computer program, NPOINTS (/7),
was written. The program calculates the composition of a
specified number· of points to be distributed on an n-di­
mensional hypercubic lattice bound by selectable upper and
lower limits on the end-member components. The con·
straints imposed by the use of simplex lattices with pseudo.
component end-members are thereby eliminated and ho­
mogeneity of points in the composition space of interest is
ensured.

In this investigation, a region of the five-componcnt system
ZrO,-AI,O,-SiO,-CaO-CeO, was standardized so that Equa­
tion 12 could be used to predict the composition of unknowns.
The minimum number of standards required is 15. Increas­
ing the number of standards by a factor of two or three en­
hances the least-squares estimation of the coefficients, permits
easy identification of outliers, and the chances of obtaining
an artifically good fit to the data arc reduced. Utilizing only
as many standards as coefficiems to be determined is especially
dangerous when simultaneous equation techniques are used.
Table I shows the ranges of end·member variation over which
standardization was required, and Table II lists the calculated
composition of the hypercubic points in composition space.
Thirty-six standards, roughly two and a half times the mini­
mum, were called for in the standardization procedure.

Prepamtion and Measurement of the Standards. The first
postulate for the successful implementation of Equation 12 is
that both standards and unknowns be physically and chem­
ically homogeneous. There are many ways to achieve Lhis,
i.e., fine grinding and briquetting, solution techniques, prep­
aration of thin films, etc. The technique of choice here is
nux-fusion as outlined by Stephenson (18). A total of 2.0
grams of each of the standards listed in Table II was prepared
by weighing the requisite amount of reagent grade zrO"
AI,o,. SiO" CaCO,. and CeO,. The mixtures were ground
in a tungsten carbide mill for 10 minutes to provide thorough
mixing. Three-tenths gram of each slandard was then
blended with 2.7 grams of Stephenson's flux A (90 wt %
Li,B.o,. 10 wt %Li,cO,) and melted in graphite crucibles at
1100 °C for a total of 15 minutes with constant agitation. The
resulting glass disks were then ground and polished on dia­
mond-embedded wheels to assure a flat. scratch-free surface
for presentation to the X-ray spectrometer. A Phillips Uni-

(17) W. M. Buehl and D. A. Stephenson. unpublished data, 1970.
(18) D. A. Stephenson. ANAL. eli""., 41. 9661 (1969).



Table D. Composition of Thlrt)'-5lx Table ill. OboerYed Relative lDtensltles of !be X-Ray
Standards Calculated by NPllII<TS Emission Unes

Slandard ZrQ, AIIO, SiO, COO ceO, SUlndard Iz. I., I,,, Ie. Ie.
I 0.3493 0.4436 O.I08S 0.0493 0.0493 I 0.3206 0.4401 0.1072 0.1013 0.1208
2 0.3493 0.S422 0.0099 0.0493 0.0493 2 0.3217 0.S334 0.019S 0.1001 0.1178
3 0.3493 O.34SO 0.108S 0.0493 0.1479 3 0.3137 0.3226 0.097S 0.0988 0.3221
4 0.3493 0.4436 0.0099 0.0493 0.1479 4 0.3194 0.413S 0.0172 0.1020 0.3311
S 0.3493 O.34SO O.I08S 0.1479 0.0493 S 0.3010 0.3224 0.1022 0.2822 0.\091
6 0.3493 0.4436 0.0099 0.1479 0.0493 6 0.3065 0.4001 0.0139 0.28SI 0.1068
7 0.3493 0.2464 0.1085 0.1479 0.1479 7 0.3040 0.2300 0.1030 0.2800 0.3000
8 0.3493 O.34SO 0.0099 0.1479 0.1479 8 0.3006 0.316S 0.0183 0.27S7 0.2930
9 0.4479 0.34SO O.I08S 0.0493 0.0493 9 0.4060 0.3334 0.1009 0.09S7 0.1130

10 0.4479 0.4436 0.0099 0.0493 0.0493 10 0.4159 0.4334 0.0149 0.0984 0.1163
II 0.4479 0.2464 O. J08S 0.0493 0.1479 II 0.4146 0.2306 0.1027 0.0976 0.3160
12 0.4479 0.34SO 0.0099 0.0493 0.1479 12 0.4012 0.3329 0.016S 0.09S8 0.3\S7
13 0.4479 0.2464 0.108S 0.1479 0.0493 13 0.3879 0.2347 0.1018 0.2782 0.1057
14 0.4479 O.34SO 0.0099 0.1479 0.0493 14 0.3901 0.3218 0.0199 0.27St 0.1030
IS 0.4479 0.1479 0.108S 0.1479 0.1479 IS 0.3828 0.1364 0.1044 0.2681 0.2849
16 0.4479 0.2464 0.0099 0.1479 0.1479 16 0.4014 0.2187 O.OI3S 0.2769 0.2932
17 0.S464 0.2464 0.1085 0.0493 0.0493 17 0.S136 0.2421 0.1081 0.0942 0.1102
18 0.S464 O.34SO 0.0099 0.0493 0.0493 18 0.4942 0.3349 0.0176 0.0924 O.I08S
19 0.S464 0.1479 0.1085 0.0493 0.1479 19 0.5103 0.14SS 0.1011 0.0937 O.30SI
20 0.S464 0.2464 0.0099 0.0493 0.1479 20 0.5003 0.2342 0.0183 0.0928 0.3023
21 0.5464 0.1479 0.108S 0.1479 0.0493 21 0.477S 0.1389 O.IOIS 0.2584 0.098S
22 0.S464 0.2464 0.0099 0.1479 0.0493 22 0.489S 0.2416 0.01S7 0.2668 0.\014
23 0.S464 0.0493 0.1085 0.1479 0.1479 23 0.4746 0.0473 0.0976 0.2570 0.2720
24 O. S464 0.1479 0.0099 0.1479 0.1479 24 0.4902 0.1324 0.0162 0.2544 0.2737
25 0.6450 0.1479 0.108S 0.0493 0.0493 25 0.6124 0.1506 0.1136 0.089S 0.1072
26 0.6450 0.2464 0.0099 0.0493 0.0493 26 0.6047 0.2479 0.0196 O.09OS O.IOSO
27 0.64S0 0.0493 0.108S 0.0493 0.1479 27 0.6062 0.0483 O.IOSO 0.0867 0.2802
28 O.64SO 0.1479 0.0099 0.0493 0.1479 28 0.61S8 0.1422 O.OISO 0.0900 0.2926
29 O.64SO 0.0493 0.108S 0.1479 0.0493 29 0.5838 0.0500 0.1067 0.2560 0.0971
30 O.64SO 0.1479 0.0099 0.1479 0.0493 30 0.S719 0.13S4 0.0113 0.2520 0.0964
31 O.64SO 0.0493 0.0099 0.1479 0.1479 31 O. S87S 0.0489 0.01S4 0.2540 0.2740
32 0.7432 0.0493 0.108S 0.0493 0.0493 32 0.7110 0.0544 0.1100 0.0874 0.1022
33 0.7436 0.1479 0.0099 0.0493 0.0493 33 0.70S4 O.I44S 0.0178 0.0868 0.1016
34 0.7436 0.0493 0.0099 0.0493 0.1479 34 0.7147 0.0499 0.0163 0.088S 0.28S3
3S 0.7436 0.0493 0.0099 0.1479 0.0493 35 0.6877 0.0521 0.0204 0.2499 0.0974
36 0.8422 0.0493 0.0099 0.0493 0.0493 36 0.8033 0.OS21 0.0176 0.0848 0.0997

versal Vacuum X.ray Spectrometer employing a chromium
largel X-ray tube. now proportional counter, and pulse height
selection was employed for the measurement of the X-ray
intensities. An LIF crystal was used to measure Ca Ka, and
the La, Ka, Ka, and La lines of Zr, AI, Si, and Ce, rcspec­
lively, werc measured with an EOOT crystal. Allhough a
fixcd-count mode is preferable from the standpoint of obtain­
ing a constant variance of measured X-ray intensities, its use
was precluded by the practical limitation of counting times
10 around 100 seconds per element. Therefore, all measure­
ments were carried out in a fixed-time mode of 100 seconds.
Measurements were made in duplicate to guard against Qut­
liers introduced by missetting instrumental pammetcrs. The
resulting mean intensities relative to end-member components
arc presented in Table Ill.

Regression Analysis of the Data. Equation 12, is as dc­
rived, the most general second-order model of the intensity DS.

composition surface. It is not. however. parsimonious-the
simplest model yielding as good a fit statistically 10 the data
as any other. Indeed if only as many standards are used as
coefficients to be determined, it is possible to obtain what ap­
pears to be an extremely good fit, even if one or more data
points were somehow grossly in error. This is the main
reason for using two to three times the required number of
standards for calibration. All the coefficients are seldom
necessary to obtain satisfactory regression equations and the
null hypothesis Ho:P; = 0 should always be tested. This
point is commonly overlooked.

The first stcp in the analysis of the data is a thorough ex­
amination of the correlation matrix of all the variates. This
provides good insight into which independent variates are
contributing to the regression 8S well as indicating in a quali-

tative way the elfc'Cl of individual X-ray intensities upon the
concentration of the component being estimated. Table IV
shows the correlation matrix for the regression of weight
fraction zrO~ on the individual intensities, their cross products,
and also the squares of the intensities corresponding to using
the full quadric Equation 4 instead of Equation 12. Correla­
tions of the squares ofintensities are shown in order to make
8n important point. Regression equations become incrcas·
ingly unstable in proportion to the degree of correlation be­
tween independent variates included in the regression.
Squared inlensily terms will always be highly positively cor­
related with their corresponding nonsquared intensities.
While this is not so serious as a high inverse (negative) cor­
relation between independent variates, it is nevertheless
dangerous. In binary systems, the observed intensities of the
two components will always be highly inversely correlated.
so that the only the X.ray intensity corresponding to the com­
ponent being estimated, and its cross product with the other
component's intensity should be used in the model. Regres­
sion coefficients obtained from rew data using equations with
highly correlated variales may lead to small residuals for the
particular data employed in the regression, but additional data
might significantly alter them. Several of the proposed reo
gression equations include squared terms and persons using
them should be cogniDlnt of their consequences. The sug­
gestion that the squared term can account for dead·time count­
ing losses, Lucas-Tooth and Pyne (5), is inaccurate, since
errors can be corrected systematically only if there is some
direct or indirect estimate of them. It is true that background
and dead-time are absorbed by the regression coefficients. but
this is in a completely vicarious way.

The remaining correlation coefficients between independent
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Table IV. CorreIatloa Malrix foe tile Rear-Joa of Welgbt Fractfon ZrO, on lateuItf..,
er--Produetl, aad Sq...... of lDteasltfes

h, I.. I" Ie. Ie. C., l,zlAI

I., 1.000 -0.417 -0.310 -0.269 -0.224 0.997 0.019
I•• 1.000 -0.212 -0.207 -0.194 -0.414 0.497
I" 1.000 -0.181 -0.191 -0.321 -0.244
Ie. 1.000 -0.200 -0.243 -0.166
Ie. 1.000 -0.222 -0.114
C., 1.000 0.043
l~lA.1 1.000

h .... b,le.. Iz,Ic. lulal IAllea hiOc. Irule.

h, 0.264 0.343 0.387 -0.160 -0.237 -0.205 -0.020
1" -0.223 -0.264 -0.244 0.271 0.397 0.409 -0.113
I.. 0.104 -0.199 -0.196 0.074 -0.165 -0.164 0.089
Ie. -0.086 0.309 -0.132 -0.066 0.242 -0.098 0.216
Ie. -0.00 -0.097 0.363 -0.050 -0.077 0.285 -0.035
C., 0.281 0.408 0.405 -0.146 -0.193 -0.188 0.027
h,lAI -0.069 -0.037 0.017 0.400 0.557 0.600 -0.089
Iz,lal 1.000 0.172 0.183 0.486 -0.150 -0.136 0.645
bile.. 1.000 0.248 -0.104 0.319 -0.146 0.435
Jl,lc. 1.000 -0.092 -0.151 0.330 0.016
IA,I" 1.000 0.325 0.328 0.522
I...llc• 1.000 0.456 0.266
...Ie. 1.000 -0.031
falle. 1.000

IIlIea Iea1e.. Iz,lz r IAIIAI IslIsi Ie.le.. Ic~Ic.... 0.007 -0.016 0.931 -0.430 -0.335 -0.344 -0.330
1., -0.103 -0.087 -0.468 0.897 ~0.188 -0.200 -0.196
I" 0.089 -0.141 -0.221 -0.135 0.967 -0.102 -0.109
Ie. -0.043 0.268 -0.276 -0.206 -0.172 0,908 -0.187
Ie. 0.239 0.296 -0.242 -0.208 -0.184 -0.194 0.903
C•• 0.028 0.036 0.904 -0.444 -0.352 -0.349 -0.344
]z,IAI -0.054 -0.022 -0.224 0.095 -0.256 -0.259 -0.241
h,", 0.647 0.027 0.127 -0.240 -0.133 -0.160 -0.154
brle.. 0.044 0.567 0.140 -0.319 -0.239 -0.070 -0.228
hrlce 0.426 0.520 0.200 -0.302 -0.232 -0.232 -0.021
lAlla, 0.536 0.031 -0.300 0.038 -0.114 -0,131 -0.126
I.ute.. -0.018 0.412 -0.415 0.081 -0.177 -0.040 -0.168
I.\lle. 0.226 0.390 -0.381 0.094 -0.175 -0.172 -0.001
IIlle• 0.610 0.404 -0.159 -0.175 -0.114 -0.024 -0.123
Islle. 1.000 0.393 -0.133 -0.171 -0.116 -0.125 -0.002
Ie.lea 1.000 -0.195 -0.195 -0.181 -0.039 -0.013
hrllr 1.000 -0.359 -0.204 -0.241 -0.234
lAII.u 1.000 -0.087 -0.117 -0.121
1,,1a, 1.000 -0.063 -0.071
leak. 1.000 -0.097
Ie.le. 1.000

variates follow a predictable pattern, i.e., Ihe individual com·
poocnts are inversely correlaled with each other, and cross
products are inversely correlated with the compoocnlS not
included in them. While no variates are so unusually cor·
related as to warfant immediate exclusion from the regression,
data over smaller rauses of compositional variation and data
from syslelm known to exhibit strong interelernent effects
should always be checked for such interactions.

Having established that there are no serious interactions
between the independent variates, the next step is to identify
those variates which contribute most to the regression
(H. :(J, - 0 is faIse). This is most eonve1\iently accomplished
by a forward selection stepwise regression analysis program.
It is important to note. here that, while many multiple lillC8r
regression analysis proJll'8ltlS are available, the program of
cboice should probably be tJie most comprebensive one ob­
tainable that has heen tested and approved by someone
thoroush1Y farniliar with regression analysis techniques.
Some programs, although frequently used and accepted with
litlle or no question. are quite inadequate when dealing with
these X-ray data. Lonatey (/9) compared a dozen or so dif·

(19) J. W. Lo.y,J. Amer. Statis. Ass., 61, 819 (1967).
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ferent multiple regression ptograms in use throu8hout the
countrY, and reached the conclusion that, for his tcst data,
no program was very good, and some were so inaccurate
that they yielded no correct significant digits for the regression
coefficients of the model. Programs orienled toward "mini­
computers" should be approached wilh caution. The small
word length associated with them can introduce serious round·
ing errors. and core limitations may drastically reduce the level
of statistical sophistication necessary for Ihe optimum treal·
ment of the data.

The program utilized in this study, Dixon (20), first calcu­
lates F·ratios for each of the coefficients of Equation 12, one
ata time, to identify the independent variate whose coefficient
has the maximum effect of lowering the sums of squares of
residuals. This variate is then the first to be incorporated
into the regression. The program proceeds in subsequent
steps to calculate F·ratios for the variates not included in the
regression, to again identify that variate whose coefficient
leads to the maximum reduction of thc sums of squares of

(20) W. J. Dixon, "BMD02R·Stepwise Regression," Univ. Calif.
Publications in Automatic Computation. No.2. Biomedical
Computer Programs, Univ. Calif. Press, 1967.



F

24664.9
152.7
21.3

0.0064
0.0298
0.0251

Std error

F

5588.80.0138

Std error

Forward SelectIon Regreosion Analylla of Wel8bt Fnelloa ZrO. OIl IDdIrid..llDteasities aDd CrolII Products

Step 3 (ConIm-I)

Std error of estimate (S;): 0.0081
Overall F ra1io: 9902.5
Variables in equation

Variable CocfIicient

eanst 0.0042I.. 1.0019
h.le. 0.3688
h.I., 0.1160

Table V.

SleP 1

Variable: entered: lzr
Corrdation cocllicient: 0.9965
Std error of estimate (S;): 0.0187
Overall F ratio: 5588.8
Variables in equation

Variable CocfIicient

const 0.0267I.. 1.0295

Std error

Step 2
Variable entered: Iz,lc.
Correlation coefficient: 0.9990
Std error of estimate (S;): 0.0101
Overall F ratio: 9668.7
Variables in equation

Variable Coefficient

const 0.0136
h. 1.0029
h.lc. 0.3624

Step 3

Variable entered: h,lAI
Correlation coefficient: 0.9994

0.0079
0.0369

F

16117.7
96.2

Step 4

Variable entered: lalle.
Correlation cocffic:ient: 0.9996
Std error of estimate (S;): 0.0069
Overall F ratio: 10284.1
Variables in equation

Variable Coefficient Sid errOr

Const 0.0003
h. 1.0020 0.0054
h.lc. 0.3646 0.0254
h.l., 0.1203 0.0214
l'lle. 0.4100 0.1051

F level of all remaining variates is less than 2.0

F

34149.5
206.3
31.7
15.2

residuals and to include it in the regression. This continues
until either all variates 8re included in the regression or until
none of the remaining variates possess coefficients which con­
tribule significantly. The user may. if desired, specify F­
levels for indusion and deletion of variates, so that if at any
time a variate included in the regression becomes nonsignifi­
cant through the inclusion of subsequent variates it will be
deleted. This option serves mainly to limit the number of
steps taken by the program (i.e., increase its operating effi·
ciency). The optimum regression model eould also be deter­
mined by examining the pertinent statistical details output at
the end of each step as the program includes variates in order
of Iheir decreasing contribution. Again, the object of the
regression analysis is to inelude only those variates that eon­
tribute significantly as determined by the F-ratio test statistic.
Including nonsignificant variates will always decrease the sum
of squares of residuals so that what appears to be a better fit is
obtained; however, the ovemll F-mtio of the regression will
be lower than that of the most efficient and certainly sufficient
equation.

Regression programs that attempt to arrive at an optimum
equation by deleting variates one at a time from the full
geneml Equation 12 frequently run into trouble (e.g., they will

delete the X-ray intensity of the component being estimated).
This is because the "independent" variates are not at all in­
dependeot in a mathematical way as required by conventional
regression theory, but mther interdependeot. In faet, !be
order in which highly eorrelated variates appear in Equation 12
according to some eomputer programs can influence their rank
(partial eorrelation) in the overall regression, which is absurd.
The use of this type program is discouraged when dealing with
nearly all kinds of composition data.

Table V shows the steps taken by the program for the re­
gression of weight fraction ZrO, on the intensity data. The
F-Ievel for inclusion and deletion of variates was set at 2.0
(for a ~ 0.05 with one degree of freedom for the coefficients
and around 35 degrees of freedom for the residuals, depending
upon how many variates are included at anyone time, the
critical F-revel is about 4). [The F-Ievel is calculated by the
formula F = SSRK+I - SSRK!s·, .• given by Anderson and
Bancroft (1}).) The regression coefficients obtained for all
five eomponents are shown in Table VI along with pertinent

(21) R. L. Anderson and T. A. Jlan<roft. "Statistical Tbeoty in Re­
search," McGraw·Hill, New York, N. Y.• 1952.

F

Fratio
14114.9

Mean
square

0.299
0.000

0.0046 47299.2
0.0205 8.9
0.0343 80.3
0.0283 32.5
0.0844 3.6

(COIII/nlltd 0II11U1 pa~)

Std error

Sum of
squares

1.493
0.001

-0.00007
0.9993

-0.0612
0.3071
0.1620

-0.1616

const
1.,
IlrlAI

IAllc.
l.ulc.
1811c.

d.f.
Regression 5
Residual 30
Regression cocffic:ients

Variable Coefficient
F

F ratio
10284.1

34149.4
31.7

206.3
15.2

Mean
square

0.492
0.000

0.0054
0.0214
0.0254
0.1051

Std error

Sum of
squares

1.966
0.002

d.f.

4
31

Regression
Residual

Regression coefficients

Variable Cocffic:ient

const 0.0003
Is. 1.0020
IZrI.u 0.1203
blc. 0.3646
Islb 0.4too

Correlation eocffic:ienl 0.9996
SId error of estimate (S;) 0.0069
Analysis of variance

Table VI. Filial Regreosioa CoefIIdea15 Obtained for Indlvldual Components aDd PertiDeDt Stalistlcal Meuures

I. ZrO, 2. AI.O.
Correlation cocfIicient 0.9998
Std error of estimate (S;) 0.0046
Analysis of variance
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Sid error F

0.003~ 81312.1
0.01~ 14.~

0.0114 4.9
0.0709 8.~

0.0790 2\.1

3. SiD,

Com:lation coefficient 0.9998
Std error of estima1e (Si) O.(XI32
Analysis of varialla:

F

33.7
7.6

4649.6
14S1.3
240.9
480.2

F ratio

4S~80.S

Mean
square

0.117
0.000

Std error
0.0072
0.0184
0.0073
0.01~1

0.0481
0.0142

Std error F

0.0018 320947.7
0.0088 11.9
0.0187 5.8
0.0074 6048.6
0.0160 3.2
0.0134 3821.8
0.0443 367.4
0.0188 229.6

Sum of
squares

Rearession 0.936
ResidUII 27 0.000

Regression coefficients

Variable Coefficient

canst 0.0003
Ie. 0.9996
h,I., 0.0302
h,I.. O. 04~3
[ztlc. -0.5725
1••Ie. 0.0288
1.,Ie. -0.8279
III Ie. -0.8482
le.le. -0.2847

(COIIlillllltf)

4. cao (CoruiJulbf)

Rea;ressioD coefficients
Variable Coefficienl
h,I., 0.0419
1..1., o.om
h,1c. -0.4961
1.,le• -0.7497
1o.le. -0.7908
lc.Ie. -0.3104

~. CeO,

Correlation coefficient ooסס.1

Std error of <stima1e (S';) 0.0017
Analysis of variance

Tallie VI.

Fratio
19069.7

F

Fratio
49717.7

306822.1

Mean
square
0.134
0.000

0.0018

Std error

Sum of
squares
0.936
O.lXXI

d.f.
Rqpus;on 7
Rrsidual 28
Rearession coefficients

Variable CodIi<ienI
CORSI 0.0009
Ic. 0.9990

Sum of Mean
d.f. squa= square

Rqrasioo ~ 0.980 0.196
RrsidUII 30 O.lXXI O.lXXI

Rearessioo coefficients
Variable CodIi<ienI
canst -0.0011
III 1.0013
h,I., -0.0476
h,le. -o.om
1.,111 0.2069
IIIIe. 0.3614

4. cao
Corrdation codIicienl ooסס.1

SId error of estimale (S;> 0.0016
Analysis of variana:

Table YD. PredJcted Con«atnltionll of IDdIvldUII COOIpooeu15 Using EquatlOllll Shown in Table VI

Composition in weight fraction Composition in weight fraction
Standard ZrO, AbO. SiO. cao CeO, Standard ZrO, AW, SiOI cao CeO,

I 0.3SS7 0.4S16 0.1129 0.0478 0.0475 19 0.5S07 0.1506 0.1065 0.0499 O.ISOI
2 0.3560 0.5487 0.0121 0.0472 0.0460 20 0.5349 0.2447 0.0103 0.0496 0.1492
3 0.3S10 0.3412 0.1068 0.0486 0.1481 21 0.S3S8 0.1437 0.1026 0.147S O.OSOO
4 0.3S05 0.4399 0.0104 0.0489 0.1484 22 0.5533 0.1472 0.0089 0.1479 0.0497
5 0.3491 0.3451 0.1065 0.1457 0.OS02 23 0.5439 0.0476 0.10~ 0.1497 0.1483
6 0.3547 0.4436 0.0077 0.1496 0.OS02 14 0.5466 0.1438 0.0103 0.1461 0.1468
7 0.3570 0.m8 0.1122 0.14S7 0.1461 ~ 0.6SOO 0.1499 0.1143 0.0494 0.0498
8 0.3454 0.3514 0.0134 0.14SO 0.1441 26 O.64SI 0.1493 0.0113 0.0498 0.0486
9 0.4423 0.3392 0.1033 O.OSOO 0.0499 27 0.64~ 0.0484 0.1096 0.0480 0.1440

10 0.4544 0.4430 . 0.0058 O.OSOI 0.0494 28 0.6499 0.1471 0.0067 0.0486 0.1474
11 0.4553 0.1416 0.1102 O.OSOI O.ISOO 29 0.6475 0.0484 0.1076 0.1479 0.0491
12 O.444S 0.3SIO O.OO8S 0.0489 0.1486 30 0.63S9 0.1424 0.0121 0.1483 0.0497
13 0.4437 0.2484 0.1042 0.1506 0.0509 31 0.6486 0.0524 0.0101 0.1482 0.1492
14 0.4463 O.34SS 0.0138 0.1486 0.0497 32 0.7447 0.0527 0.1105 0.0490 0.0490
IS 0.4398 0.1460 0.1116 0.1487 0.1479 33 0.74~ 0.1441 0.0110 0.0488 0.0486
16. 0.4552 0.2415 0.0070 O.IS28 0.1511 34 0.74S7 0.0510 0.0097 0.0477 0.1476
17 0.SS14 0.1439 0.1093 0.0506 0.0498 35 0.7472 0.OS38 0.0167 0.1461 0.0486
18 0.5429 0.3396 0.0090 0.OS03 0.0498 36 0.83S8 0.0514 0.0131 0.0471 0.0479

statistical details. Table VII sununanz.es the predicted con­
cenltations of Ihe standards (ef. Table II).

The equations indicated by Table VI are the simplest
representation of tho data yielding nearly as good a fit as any
other. Nearly as llood a fit here implies within the mean
square residual error. The equations, /n'ulUu slr/clo, permit
prediction of X-ray in~nsities from a knowJedse of composi­
tion and not Dice ~rSQ. As Alley and Myers (6). emphasize.
the equations are Slallslica//y'~if used to predict
concentrations other than those included in the regression
data. This does DOt mean, ho...-, thai the equations are
incapable of predictioa unknown concentrations, nor are they
phys/cQ//y rneaninsJess. as witnessed by the widespread suc­
cessful application of similar equations. What is now as­
sumed is that the estirnaled coefficients are sufficiently close
to the utrue" values of similar coeIIicieots equating concen­
trations 'and intensities Dia a functional relationship (Equation

I) that we ossumt to be of the form indicaled in Table VI for
each component. This implicitly requires that additional
data will not significantly alter the coefficients. The implied
and expressed statistical risks of doing this must be borne by
,he investigator, and this usually amounts to little more than
!lever attempting to extend the equations beyond the cali­
biation range. Demanding thai the equations be kept as
simPle as possible and employing more standards than are
absolutely necessary lends confidence to the above assump­
tions:Wrovided the overall accuracy attained in the prediction
of the composition of the standards meets requirements.
Attainable accuracy is frequently limiled to around:!: I to 27.
relative, since, when alI sources of random and syS1ematic
error in the chemical analysis of standards or the preparation
of synthetic standards are considered. the original data are
seldom belter than :!: I 10 2 7. relative.

As a final check on the stability of the equations. the co-
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TabieVID. COIIIparlooa of Theoredcal .... Calculated Ccapalitloal or FlY.. Tat Sulp'" ....
End-Member PrImary ReC_ Standarda

Composition in weiahl fnu:tion
TheoreticaJ caIcuIaIed

Sample :zro, AltO. Sio, Cao ~ :zro, AIaO. Sio, Cao ~

I O.SOO O.no 0.050 0.100 0.100 0.5014 0.2487 0.0509 0.1012 0.1020
2 0.700 0.100 0.100 0.050 0.050 0.7033 0.0987 0.1029 0.0'13 0.0487
3 0.300 0.300 0.100 0.1'0 0.150 0.3023 0.2950 0.1021 0.1488 0.1'11
4 0.400 0.400 0.050 o.on 0.07' 0.39n 0.398' 0.0478 0.0739 0.076', 0.600 0.050 0.050 0.150 0.150 0.6034 0.0'13 0.0490 0.1466 0.ln7
6 1.000 0.000 0.000 0.000 0.000 1.0023 -0.0001 -0.0011 0.0009 0.0003
7 0.000 1.000 0.000 0.000 0.000 0.0003 0.9992 -0.0011 0.0009 0.0003
8 0.000 0.000 1.000 0.000 0.000 0.0003 -0.0001 1.0001 0.0009 0.0003
9 0.000 0.000 0.000 1.000 0.000 0.0003 -0.0001 -0.0011 0.9999 0.0003

10 0.000 0.000 0.000 0.000 1.000 0.0003 -0.0001 -0.0001 0.0009 0.9999

Table IX. Observed RelatiY.. lDteualtlea of
Five Test Samples

Observed relative inlensity
Sample b, I., I., Ie. Ie.

I 0.4'1 0.23' 0.~3 0.193 0.21S
2 0.667 0.100 0.103 0.092 0.102
3 0.2~ 0.267 0.093 0.286 0.308
4 0.3S7 0.380 0.050 O.ISO 0.176
S 0.S43 0.049 0.050 0.2'3 0.281

variance malrix for Ihe regression coefficients can be cal­
culated, although marked covariance belween coefficients is
usually eliminaled by selecling independenl variables wilh
Ihe leasl degrec of correialion. The coefficienls given in
Table VI can now be incorporaled inlO Ihe appropriate
equalions 10 solve for Ihe concenlrations of individual com­
ponents using measured relalive inlensilies of unknowns.

RESULTS

To lesl the applicabilily of the final regression equations,
five samples nol ineluded in the original regression data were
prepared and measured in duplicale. Table VIII lists the
Iheorellcal and calculaled composition of each sample, and
Table IX shows the observed mean inlensities. Dala for
each of the end-member primary reference slandards are also
shown in Table VIII, allhough they are far outside the range
of calibralion. The errors in all cases are comparable with
Ihe standard errors of estimale given in Table V. The equa­
lions have been used to analyze several hundred aClual un­
knowns over a period of a year with good success.

DISCUSSION AND CONCLUSIONS

The application of stalislical lechniques 10 the solution of
absorption and enhancement effects in quantitative X-ray
emission analysis should, if properly applied, permil quite
accurate prediction of the concentrations of individual com·
ponents in unknowns through a knowledge of their associaled
X-ray intensities. To obtain equations relating concentra­
tions to intensities that are reliable throughout the range of
standardization, careful altention must be paid to all pertinent
S\8tislical details of the regression analysis. It is possible to
invent, derive, guess, or in general vicariously arrive at many
different equations thaI. from the same data, permit more or
less accurate prediction of unknown concentrations. The
question quite simply is: Which regression is best? The
answer is summarized by the following:

I. The best equation is the simplest one yielding nearly
as good a fit to the data as any other.

2. Equations which involve varialea that are hiahly cor­
related (positively or negatively) are less stable than equations
with smaller correlations between \he independent varialt:a.

3. Equations that show a marlced degree of covarianoe
between two regression coefficients can usually be improved
bY deleting one of the varialea without adversely alfectina the
regression.

4. The assumption that the response (intensity N. com­
position) surface is quadric in all n-component systems, whiJe
unproved, appears to be the best choice for the preliminary
model. Equation 12 ought to be tried Wore moreela~
models are considered.

5. The acronym GIGO (garbage in, garbage out). al­
though a bit overworked lately. should always be borne in
mind. Equations Ihat predict the concentrations ofindividual
components in reference standards more accurately than they
are actually known should be viewed with considerable
skepticism. The variance of predicted concentrations can at
best equal the true variance of the original data.

The philosophy underlying \he use of multiple linear re­
gression analysis is to account for as much of the variation
in the concentrations of individual components in reference
standards as possible with the fewest number or independent
variates (X-ray intensities and their traosforrnations) that are
necessary. The fact that a good fit to the data employed in
the regression is obtained can in no way be construed to imply
thaI equally good accuracy will be attained in the prediction
of unknowns. This is the risk involved in the method. The
morc reference standards that are used to estimate the re­
gression coefficients, the more confident one can be in assum­
ing the resulting equations accurately predict the composition
of unknowns. McKinney and Rosenberg (12) found that a
twenty-eighl.lerm polynomial suggested bY Mitchell (9) gave
less accurate results than a simpler expression. altbouab the
residual standard deviations were on the average a factor of
two less than those for their model. This is easily explaiDed
by the fact that \he coefficients of the most signi/lcant variates
were so diluted by the effect of nonsignificant varialea that the.
equations collapsed when small errors in the measurement of
X-ray intensities were encountered. The principle of parsi­
mony can indeed govern the success of multiple regression
methods of analysis.

Several "semitheoretical" approaches to the solution of
absorption and enhancement effects have been suaested,
nO\8bly by Beattie and Brissey (JUl, Traill and Lachance

(22) C. N. McKinney and A. S. RoseaberB, Adoan. X-&, AtttJ/..
13, 230 (1970).
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(2.3-25), Andermann (26), Holland and Brindle (27), Claisse
and Quintin (28), and McKinney and Rosenberg (22). The
proposed equatioos all ultimately reduce, after substantial
peregrination, to equations similar to Equation 12 or fuoc­
tiooaJly like those of Criss and Birks (I I), the main difference
being that the coefficients are deduced from absorptioo co­
efficients rather than estimated by regression techniques or
found by the simultaneous equation method. The statistical
ability to decide which variates are really important is, of
course, lost in the process, and the increased complexity of
these techniques greatly enhances the possibility of obtaining
an artificially good fil to the data. Before resorting to such
procedures, it is wise to determine ifor~ary regression anal­
ysis mi(tht yield sufficiently accurate results since, in principle,
regression techniques will suffice if the data are both accurate
and sufficiently numerous. In any case, quantitative measures
do exist to belp decide between the alternatives. The clear
distinction between empirical and theoretical methods of X­
ray emission analysis made by Criss and Birks (I I) seems
entirely justified. The method of choice is naturally the one
that yields correct' answers the majority of the time in the
actual analysis of unknowns, aod aoy equation that fulfills

(23) R, J. Traill and G. R. Lachance, Geol. Sun;ey Can., Pap. 64-57
(1964).

(24) G. R. J..achaoceand R. J. Traill,lbId., 11,43 (1966).
(25) R. J. Traill and G. R. Lachance,lbid., p 63.
(26) G. Aodennaon, ANAL. CltEM.,38, 82(1966).
(27) J. G. Hol1aod and D. W. Brindle, Speetrochim. Acta, 21, 2083

(1966).
(28) F. CIaisse and M. Quintin, Can. Spectrose., n, 129 (1967).

this, whether physically or statistically realistic or oot, may be
used.

The regression technique described here is oriented toward
minimizing the variance of predicled concentrations. The
possibility does exist that the equations may be·biased. The
most serious bias error likely to arise is that the assumed quad·
ric model is really cubic. Since variance, in almost all cases,
is the overridin8 source of imperfection in the models, the
choice of an all-variance design is the most logical, and the
least-squares minimization of the residuals between theoretical
and calculated coocentrations sbould give satisfactory equa­
tions. If we also postulate normality for all the errors, the
least-squares method is also equivalent to maximum likelihood
methods. The greatest source of difficulty is the confound­
ing correlations between the independenl variates. While
substantially more accurate results might obtain by eliminating
such correlations through a linear transformation of the
variates oia componeut or canonical analysis of the data ac­
cording 10 the principles nicely described by Kendall (29), the
added effort probably should be directed toward seeking a
solution to the absorption and enhancement problem through
first physical principles, although advanced statistical analysis
of the data is not intractable.

RECEIVED for review October 5, 1970. Accepted November
25, 1970.

(29) M. G. Kendall, "A Course in Multivariate Analysis," Charles
Griffin and Co., Ltd., London (1957).

Spectrophotometric Determination of
Traces of Thallium in Tungsten

The Extraction of Thallium Diethyldithiocarbamate

Karoly Vadudl, P1rosJui Buxbaum, aod Aodraa Salamon

Res_ch IIIS/It"/efor Technical Physics of the Hungarian Academy ofSciences, Budapes/, Vjpest I., Pi 76, Hungary

A spectrophotometric method Is presented for the de­
termlnaUon of thallium In tungsten metal. The sam­
ples are dissolved In the mIxture of hydrolluorlc and
nitric acids. The thallium Is separated from tungsten
by extraction with sodium dlethyldlthiocarbamate Into
chlorolorJII between pH 8-U and the Methyl Violet
method was used for Its determination at 605 nm.
Interference effects 01 some diverse ions are reported.
Iron(lII) Interference Is prevented with EDTA. The
methoc1 Is suitable lor the determination of 0.1-10 Pi
thallium In tungsten metal with a precision 0110-21 •
The equilibrium constants In the TI(I)-dlethyldlth 0­
carbamata-chloroform system have also been de­
....mlned by means of EDTA compeUtion as well as
the stability constant of TI(I)-EDTA complex by po­
tenUometrlc methods.

A ORlll.T NUNIIlR of methods have been described in the
lilmlture foe the determination of different impurities and
doping materials in tungsten. One of the recently introduced
doping materials is thallium (1). For this reason a sensitive

(I) T. MJI1Der and 1. Ncueebauer, Hungarian PaleDt 155.352
(1969); Frmcb PaleDt 1.536.155 (1969).
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method has been needed for the determination ofsmall quanli·
ties ofthallium in lungsten metal.

For the separatioo and determination of thallium from
different elements, sensitive and accurate methods are
known (2,.3). Thallium can be determined with the highest
sensitivity by means of inverse polarography. Among Ihe
colorimetric methods, the Rhodamine B and Methyl Violet
methods are well koown (4-6).

The maio problem which occurs durin8 the determination
ofdifferent ions in luogsten is the selection ofa suitable separa­
tion method because the tungstale ion may form heteropoly­
acid complexes with the considerable part of lhe elements of
the periodic table. These complexes usually are much more

(2) E. B. Sandell, "Colorimetric Determination of Traces of
Metals," Inlencienee, New York, N. Y" 1959.

(3) O. G. Koch, Koch, and G. A. Dedic, "Handbuch der Spuren-
analyse," Sprinser, Heidelbers, Germany, 1964.

(4) H. Onishi, Bull. Chem. Sac. Japan, 29, 943 (1956).
(5) N. T. Voskresenskaya, J. AnDI. Chem. USSR, 11, 585 (1956).
(6) M. E. CampbdI, C. MiIlingan, and A. Lindsay, A_r. llId.

Hyg. As>. J., :ZO, 23 (1959).



(10) H. Bode, Z. Anal. CMIn., 141, 414 (1954).
(II) Ibid., 144, 16' (19'5).

RESULTS AND DISCUSSION

Extraction of 'lbaWum(l) and 'I1IaJIIuaI(III DlelItyl~
earbamates. Bode carried out the first systematic study on
the extraction of thallium diethyldithiocarbamates (10, II).

After this add 4 ml of 30% tanaric acid and adjusl the pH
of the solution between 8-11 with 20% potassium hydroxide.
Add I ml of 2% NaDDTC solution (and EDTA solution if
necessary calculating the amount according to Equation 11).
Pour the solution which has a volume of about 25-30 mI
into a separatory funnel and shake twice with 20 ml ofch!ol'o­
fo~ fo~ 2 minutes. Wash the combined chloroform layers
tWIce WIth 2-3 ml of 10 pH glycine buffer. Discard the
aqueous layers. Evaporate the chloroform on a water bath
and destroy the organic residue wilh 1.8 ml or sulfuric acid
and 20 ml of hydrogen peroxide evaporating tD sulfuric acid
fumes and determine the thallium as described under the
preparation of the calibration graph.

If 0.1-1.0 PPM THALLIUM PIlEsENT. Add 2S mI of 38%
hydrofluoric acid in a TeDon vessel to 10 grams of ftneI;
powdered tungsten sample and dropwisc 6S % nitric acid
until the sample completely dissolves. Add 40 mI or 30%
tartaric acid, 2 ml of 0.05N EDTA solution, and B!ljust u.:
pH between 8-11 with 60% potassium hydroxide. After
cooUng down, add 10 ml or 2% NaDDTC and pour the
solution which has a volume between 200-300 ml into a soo­
ml separatory funncl and shake four times with 20 mi' of
chloroform for 2 minutes. Wash the combined orpnic
phases with 10 pH glycine buffer; evaporate it on a water
bath, destroy the residue, and determine the thallium as
described above.

5.2; -2.87, 6.1; -1.60,
7.2; -0.46, 8.1; 0.79,
8.9; 1.81, 9.7; 2.44,
to.I; 2.53, 10.'; 2.49,
11.5; 2.48, 12.1; 1.82,
12.6; 1.31

3.8; 1.18, 4.8; 1.84, 5.g;
2.29,7.0; 2.22,7.2; 2.32,
7.6; 2.34,8.2; 2.33

2.7; -1.07, 3.2; -0.49,
3.g; 0.31, 4.g; 1. 78,5.8;
2.11,7.0; 2.48,7.3; 2.70.
8.2; 2.94, 10.5; 3.16,
12.5; 3.24

11(1)

I X Io-'M
I X Io-'M
1 X Io-'M NaOO,
2O'C
24 houn
Isotope
Schweitur-Nortoo

(/2)

TI (I)

1 X lo-'M
2.5 X Io-'M
2 X Io-'M, W as

Na,WO,
2 X 10-'M tartaric

acid
2S±2·C
3 minutes
lSOIOpe, "'11, 3.56

years
This work

11(11I)

1 X lo-'M
2.5 X Io-'M
2 X Io-'M, W as

N8JWO.
2 X lo-'Mtartaric

acid
2S±2·C
3 minutes
lsotop', "'11, 3.56

years
This work

Table I. S_rtzatloa or ExtraetloD Data
(pH; IoJ Q)

CN.DDTC
en
Medium
Tcmptlalure
Time ofextr.
Method
Author

CNaDDTC
CT,

Medium

Temperature
Timcofcxtr.
Method

Author

Author

Temperature
Timeofextr.
Method

stable than the customary metallic ion-orpnic _sent com­
plexes and can only be destroyed in alkaline medium.

For the determination of thallium in the presence of tunIS­
ten or for the separation oftha1lium from tunasten no method
can be found in the literature. No data are available about
the existence of heteropolyacid complexes formed either
thallium(l) or thallium (UI) and tungsten, like aluminium and
gallium (7, 8).

EXPERIMENTAL

Apparatus.and Reaaeats. All absorbance measurements
were made WIth a Beckman DU spectrophotometer in matched
J.()()().an cuvelles.

The pH measurements were made with a Radelkisz OP-205
and RadIometer pHM 26 precision pH meters. The pH
standards were 0.05M potassium acid phthalate and 0.05M
borax.

SoDIUM D1£THYLDrrHIOCARBAMATE (NaDDTC). Reagent
grade (98.5% min) NaDDTC· 3H,o was used to prepare a
2% aqueous solution which was adjusted to about pH 9-10
with alkali.

METHYL VIOLET (Standard F1.uka, C.1. 69710). A 0.1 %
aqueous solutIon was nuxed WIth diluted sulfuric acid to
prepa~e fresh daily a 0.05 % working solution (0.05N in
sulfunc acid).

ETHYLENEDIAMlNETETRAACET1C ACID AND DISODIUM SALT
(EDTA), reasent grade.

CHLOROFORM, reagent grade with 1% ethanol content was
used wilhout further purification.

BENZENE, reagent grade.
G~VClNE BUFFER. From reagent grade material, a O.JM

solutIOn of glycine was prepared adjusting its pH to 10 ± 0.2
wilh alkali.

BoRATE BUFFER.. Reagent grade borax (Na,B,a, ·IOH,o)
was tWIce recrystallized from waler. A 0.2M solution was
prepared adjusting its pH with alkali to the desired value.

PHOSPHATE BUFFER. A 0.2M solution was prepared from
reagent grade KH,PO, and Na,HPO,· 2H,o.
. THALLIUM(I) NITRATE AND THALLIUM(III) CHLORIDE solu­

lions were prepared from reagent grade salts and the metal
c?ntent was determined complexometrically by Ihe thorium
nurate-xylenol orange methanol (9). Other materials used
in this work were reagent grade.

Preparation 01 the Calibration Curve. Add 0, I, 2, 4, 7,
10 "g TI(I)- or TI(U1)<ontaining solution into a l5Q.ml
beaker, add J.8 ml concentrated sulfuric acid and 20 ml of
30% hydrogen peroxide and evaporate to sulfuric acid fumes.
(After cooling down, wash down the sides of the beaker with
a liltle waler and evaporate again.) Dilute wilh 20 ml of
water., add 2 ml of I :9 hydrobromic acid and 10 drops of
bromIDe water. Boil the solution for a few minutes to expel
the excess bromine. After cooling down, complete the
volume to 49 ml, pour the solution into a separatory funnel.

Add to the solution 5.0 ml of benzene and 1.0 ml of diluted
working Methyl Violet solution, and immediately afler shake
f~r I minute. Allow the layers to separate completely,
dIscard Ihe aqueous layer, and obtain the lransrnillance of the
organic layer at 605 nm in l-cm cuvelle. Pure benzene is
used in the reference cells.

Recommended Procedure for the Detennlnatlon of 0.1-10
ppm TbaJUum. If 1-10 PPM THALLIUM PRESENt. Add 2
ml Df 38% hydrofluoric acid in a Teflon (Du Pont) vessel to
I .~am ~f po~ered tungsten metal and add dropwisc 65%
rutric aCId unul the complete dissolution of the sample.

(7) T. Millner and J. Neugebauer, Magy. Ktm. Fa/y., 57, 321
(1951).

(8) K. G. Vadasdi, Chtm. AntJ/. (War", ..), 14,733 (1969).
(9) J. Kinnunen and B. Wcnnestrand, Clrlmw-AnaIYJl 46, 92

(1957). '
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Figure 1. Equilibrium concentration of !be nDDTC in the chloroform phase as !be function of EDTA concentration at different
pHYlIlues
o pH 9.30 ± 0.03 (O.IM borate buffer)
X pH 9.88 ± 0.03 (O.IM borate buffer)
• pH 10.14 ± 0.03 (O.IM glycine buffer)
CTIlIJ - 4.9 X 10-'/1.1; C:'-.UDTC = 1.0 X lO-4M; / = 2S ± 2 °Cj extraction time 10 minutes

(12) G. K. Schweitzer and A. D. Norton, Allal. Chlm. Ac/a., 30,
119 (1964).

(4)

(3)

H+ + DDTe-;= (HDDTC)...

[HDDTC.,J (5)
K' = [W)[DDTe-)

The K' was determined by Bode in the case of carbon
tetrachloride. We have also delermined this constant by the
method of Bode for cbloroform at 25 ± 2 ·C from O.IM
phosphate buffer (I I).

(13) J. Bouten, F. Verbeek, and J. Eckaut, Anal. Chim. Acta., 17,
339 (1951).

(14) R. Shockdopole Bnd S. Cbaberek, J. Illarg. Nucl. Chem., II,
222 (1959).

(15) H. Koch and H. Kupseh, Z. Na/urforsch. B., 24, 398 (1969).

where the three times and four times ionized fractions of
EDTA were denoted as HY'-, Y'-; the diethyldithiocarba­
minic acid as HDDTC and its anion as DDTe-; the thallium
(I) dielhyldithiocarbamate and EDTA complexes as TIDDTC
and T1Y·-.

The following equilibriums also were nceded, the constants
ofwhieh are known from the literature: (13-15).

TI' + Y'-;= T1Y'-

[TIY'-j
K, = [TI+)[Y'-)

HY'- ;= Y'- + H+

[W)[Y'-)
Kd

• = [HY'-J

Here it should be mentioned that the formation constant of
TIY'-, K., was determined formerly by a polarographic
method by Bouten. Verbeek, and Eckaut who found log K =
5.81 ± 0.05 in 0.2M sulfate medium at 20 ·C (13), and re­
cently by Koch and Kupsch with extraction method log K =
6.1 ± 0.2 (15). During this work we redetermined this value
hya pH tilration method with KOH in O.IN KNO. at 25 ·C,
and the so-called stoichiometric constant was found log K =
6.38 ± 0.02. Tbe ionization constanlS of EDTA measured
under these conditions nre in agreement with the values re­
ported in the titerature, pK. = 6.15; pK. = 10.24 (14).

The two-phase ionization constant of dicthyldithiocarbamic
acid was also needed.

(2)

(I)

TI+ + DDTe- ;= (TIDDTC)...

[TIDDTC...)
K. = [T1+)[DDTe-)

The two phase formation constant of TIDDTC:

He stated that the extraclion of T1(DDTG. was not interfered
with by tRnsratc, citrate, phosphate, borate, glycine, cyanide,
or EDTA between pH 8-11, whereas thai of TIDDTC was
hindered by EDTA. Later Schweitzer and Norton invesli­
gated the extraction of TIDDTC into chloroform and they
gave lhe pH function of the distribution constant (12).

Since no dala arc available for Ihe extraction of T1DDTC
and n(DDTC). in lhe presence of tungstate and fluoride ions,
we have investigated their influence. Results in the case of
tungstate ion were summarized in Table I. (fartaric acid
was added to prevent the precipitation of tungstic acid in
lower pH regions.) No remarkable effect of these ions was
observed.

In the following, the influence of EDTA on the cxtraction
of TIDDTC was investigated in order lhat ils hindering cf­
fect could be minimized, because il was found Ihal the pres­
ence of EDTA was needed to mask iron.

Delermination of. Extraction Equilibrium Constant nf
T1DDTC Complex by EDTA Competition. Figure 1 shows
the effect of EDTA concenlration on the extraction of
TIDDTC at different pH value'S from 0.1 M borate or 0.1 M
glycine bulfers. Tl:n-minUlc extraction periods were used
at 25 '" 2 ·C. The concentralion of T1DDTC in Ibe chloro­
form phase was determined by spectropbotometric measure­
ments at 245 nm:

Since from the literature is known the formation constant
of [TI (I}-EDTA)'- complex (l3)-in the following denoted
8S Tlya--thc calculation of extraction equilibrium constant
of TIDDTC became possible, with the help of lhe following
relations:

TIY'- + (HDDTC)... ;= (TIDDTC)... + HY'­

K = [TIDDTC.,J [HY'-)
I [TIY'-)[HDDTC.,J

320 • ANALYTICAL CHEMISTRY, VOL. 43, NO.3, MARCH 1971



Ref""""",

1bis work; IS ± 2 'C O.IM
lI~iDc or borate

1bis Work; IS 'C 0.1 M lOlO.
(l~

jTbis work; IS ± 2 'CCHC,
0.1 M phosphate

Bode (10); ca. 1S-20 'C

Teble n. SummarlzadoD or Uoed 0< Calculated EquIIIbl't.w ad e.-IaaII
Equilibrium COOllaDt

K, - (4.0 ± 0.9) X 10' I
K, - K,K' K,I4, - (5.2 ± 1.1) X 10' r
K. - (2.4 ± 0.1) X 10'
K•• - (5.37 ± ) X 10-11

K' - (1.0 ± 0.1) X 10'

K' - (1.6 ± ) X 10'

Prcx:ess

TlY'- + (HDOTC)... - (TIOOTC)... + HYo-
TI+' + DOTe- - (TIOOTe)...
TI+ + yo- - TIYo-
HYo- - Y .... + H+

H+ + DOTe- - (HDOTe),..

(11)

10.1
5.0
5.6

8.8' 4.3'

11. SO 4.7'
4.1·4.S'
5.00 4.9'

Table m. Accaracy of Melbod

TbalIium fOUDd, 118

As(Y), Sb(1lI), Sn(lY)
100 1'8 each

Fc(ID), Co(U), Ni(ll),
Bi(lll)

100 1'8 each
BiOm 1001'8

Procedure Proeedure
1-10 ppm 0.1-1.0 ppm

Diverse ions added, 1'1 (II W) (10 I W)

o 0
1.9 1.1±0.4

(old deY)
5.6 5.0 ± 0.1

(old deY)

Figure 2 displays the Yos. X at three dilfermt pH values.
In Table II the measured and those COlIStants were sum­
marized which were taken from the literature for the calcula­
tions.

In that case, when the concentration of sodium .diethyl­
dithiocarbamale and EDTA is considerably higher·than that
of thallium, the distribution ratio of the thallium between
chloroform and aqueous phases can be calculated from the
followiD8 equation at given pH values (between pH 8-11):

I I I C"".
D = Q+ X,K'(K.. + (HOD X CHoDDTC

where Q is the distribution constant of T1DDTC in the
absence of EDTA.

Interferlag Effect of DlJrereot 10lIl. AccordiD8 to the
literature the color reaction between rom and Methyl
Violet is interfered by the followillll ions: Au(ID), B(III),
Fe(lll), Bi(lll), Sb(lll), Sn(m, Cd<m, Ha(ll), and Cr(VI).
From these ions, the boron cannot be extraeled by diethyl­
dithiocarbamate, and the Au. Sb, Fe, Cd, HI can be masked
with EDTA and cyanide between pH 8-11 (2. J).~ In-

[TIDDTC-J
y= C"". - D

CNoDDTC - [T1DDTC-J
X= D

• Without EDTA.
• With addition of 5.0 mI O.OIM EOTA.

where CTh CHoDDTC, Ca",. are the total analytical concentra­
tions orthallium, sndium diethyldithiocarbamate, and EDTA.

From extraction experiments at constant pH values, the
y os. X function gives straight lines with dilfermt slopes,
where the

(6)

The distribution of thallium between the aqueous and
organic phases:

The followiD8 approachiD8 equations can also be described
which are valid only under the experimental circumstances
(between pH 8-11):

Cr. '" [TIDDTC.J + [TIY:-] (1)

CHoDDTC '" [TJDDTC.J + [DDTC-) (8)

C.",. "" [TIYo-) + [Y....) + (HY'-) (9)

Combining Equations I, <Hi, 8, and 9, the followiD8 simple
connection can be deriVl'd giving us the possibility for the
calculation ofX, from experimental data.

• 6
XX10'

C"". _ [TIDDTC.,J =
D

X,X'(X•• + [WI) CNoDDTC - ~IDDTC.J (10)

Figure 2. DetenniDadoD of X, X'(X., + [H+D at dlJr.....t pH
values. Cakulated from !be data of Figure I

o pH 9.30
X pH 9.88
• pH 10.14

'00

Thallium
added.
~8

10 0
2.0

5.0

~ '" 10.0
x 5.0,.

5.0

5.0
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terfering elfect of Bi cannot be eliminated in such a way but
according 10 our experiences the interfering elfect of 100/1'8
ofBi may be neglected for 5/1'8 ofTl (Table III).

PreclsIoa of the Method. Table III shows the accuracy
ofour method both for 1-10 ppm and for 0.1-1.0 ppm ranges.
Even in the lower range, the relative standard deviation
doesn't exceed 20% which is general at the determination
of such a small amount of impurities.
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Liquid Ion Exchange Electrodes in Mixed
Electrolyte Solutions

J. V. Leyendekkers and Michael Wbltfteld

Diolslon of Fisheries and Oceanography, CS1RO, Cronulla, Sydney, 2230, Australia

Two liquid Ion exchange electrodes (Orion Calcium 92­
20 and Chloride 92-17) were used to monitor changes In
the activity coefficient of calcium chloride In the two
aqueous systems CaClrMgCI, and CaClrSrCI. over
the Ionic strength range 0.1-6 molal at 25 ·C. On the
basis of comparison with isoplestlc data. It is consid·
ered that useful estlmates of Harned's coefficients
can be made with these electrodes provided the se·
lectlvlty characterlstlcs are not too unfavorable and
depending on the complexity of the Ionic Interactlons.
Experimental selectivity Isotherms are presented for
both systems. Parameters are derived. on the basis
of simple Ion exchange theory and regular solution
theory, which facilitate Interpolation over the experl·
mental range.

A THOROUGH "ND VERY USEFUL review of ion·selective elec­
trodes has recently become available (I). Among the impor­
lant points discussed are two which are relevant here. The
first concerns the need for more thermodynamic studies made
on a basis of comparison with other, unrelated, methods.
For example, how useful arc electrodes of the liquid-ion
exchange type for measuring activities in mixed electrolyte
solutions as compared with isopiestic studies? The second
point concerns electrode selectivity. This is of general
interest, as many natural systems contain appreciable concen­
tration's of different counterions. Even in the analysis of
single electrolyte solutions, complexing reagents and buffers
can introduce significant levels of interfering ions. In short,
the behavior. of the electrode in a mixed electrolyte solution is
often the main concern. Since the electrode measures activ­
ities, dala on the activity coefficients of the electrolytes in
mixed solutions will be needed. Data for around 30 two­
electrolyte systems· are available (2, 3), and a number of
theories and empirical relationships (2-6) enable reasonable

(I) "Ion-Selcctive Electrodes," Richard A. Durst, Ed., Nat. Bur.
Stand. (U.s.) Spec. Publ., 3t4, 474 pP (1969). .

(2) H. S. Harned and R. A. Robinson, "Multicomponent Elec­
trolyte Solutions," in The International Encyclopedia of Physical
Chemistry and Chemical Physics, Topic IS, Vol. 2, Pergamon
Press, London, 1968.

(3) R. M. Rush, Oak Ridge National Laboratory Report ORNL-
4402, UC4-Chemistry, 1969.

(4) G. Scat<:hard, J. Amu. CMm. Soc.. 90, 3124 (1968).
(5) J. Leycndekken, J. Phys. Chem., 74, 222S (1970).
(6) Y. C. Wu, R. M. Rush, and G. SC&lChard, Ibid., 73, 2047

(1969).
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estimates of activity coefficients in multicomponent systems
to be made; however, many more experimental data are
needed.

In this paper, results are given of measurements of activity
coefficients of calcium chloride in the presence of strontium(H)
or magnesium(H) over the ionic-strength rangc O.I--{j molal.
Isopiestic data are available for Ihese two systems and these
are used as a guide to the usefulness of the electrodes for such
measurements.

The seleclivity characteristics of the Orion calcium activity
electrode in these systems are also given. This electrode has
an acidic organophosphorus exchanger, and from the con­
siderable amount of study on this type of extractant over the
past few years (7), it has been shown that in general the cation
exchange reactions are more complicated Ihan those of ex­
change resins. However, even though the actual mechanism
of the reaction is unknown, the distribution can always be
described in terms of a convenient chemical reaction through
which meaningful and useful information can be obtained con­
cerning the system studied. We adopted this attitude in a
previous paper (8) where, by means of a simple theory, the
composition of an exchange site was derived. This enabled
an estimate to be made of lhe paramelers A and B in the
equation

log (a·c.1+10'...+)[(1 - y)/y] = A - B(2 y - I) (I)

where a represents the activity of the ion in the aqueous phase,
M the interfering counterion (of charge z), y the mole fraction
of exchange sites occupied by calcium(H), and m and n are
integers related to the exchange reaction [A and B were for­
merly represented by log X, and B', respectively (8)]. This
facililated interpolation so that the ionic strength range (}...(j

molal was completely covered. The same procedure is
adopted here, with some limited extrapolation to extend the
range to an ionic strength of7.5 molal.

EXPERIMENrAL

The same equipment and technique were used as described
previously (8). The additional reagents used were AR grade

(7) Y. Marcus and A. S. Kertes, "Ion Exchange and Solvent
Extraction of Metal Complexes," Wiley-Intcrsclence, London,
1969.

(8) Michael Whitfield and J. V. Leyendckkers, AN"L. OlE".. 41,
444 (1970).
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Figure 1. Titratlon curves for ionic strength 3 molal

Z = 31og'Y ±C.CII + const -logy, slope = -9alt for linear section (Equations 2 and 3)
Z is dimensionless, 0.01 unit represents a change in tJ.Eof ........2 mV
Upper curvc: CaCI,-MgCl,
Lower curve: CaClrSrCl,

strontium chloride (Srel,·6H,0) and magnesium metal which
was neutralized with hydrochloric acid. Stock solutions were
prepared and standardized by titrating with ocrA. using
calcium chloride (prepared from Mallinckrodt calcium car­
bonate) as the primary standard and the Orion divalent elec­
trode (92-32) to monitor the end point. The stock solutions
were diluted on a weight basis. Temperature was maintained
at 25.0 ± 0.1 "C and pH at 7.5-8.

RESULTS AND DISCUSSION

Activity Coefficients. The analysis of the results was
carried out as described previously (8). The Harned slopes
(a,,) were determined on the basis of the relationships

tJ.E/S - log [Cal[CI]' = 3 log 1'.C.CI, +
constant - log y (2)

where tJ.E is the dilTerence in potential between the calcium
and chloride electrodes, the square brackets denote concentra­
tions, S represents 2.303RT/2F and has the value 29.58 mV at
25·, y is defined above, and

log "Y-*CaClt = constant - (XIJ)lCl: (3)

where I YCls is the ionic strength of either strontium or mag­
nesium chloride. Provided y is close to 1.00 and Harned's
rule is obeyed, the lefthand side of Equation 2 vs. [MCl,]
should give a linear plot of slope -9"". Figure I shows
representative plots for the two systems.

Linearity holds only for 10% (strontium chloride) to 20%
(magnesium chloride) of the curve, after which the tenn
(log y) becomes significant. This represents a maximum
change in tiE of only 1-3 mV as the ion interactions in the
alkaline earth systems are small. Nevertheless, it was possible

Table I. Values of a" Fstimated from Activity Mcasuremeats
(Reciprocal ionic streogtb units)

Ionic
strength This work Mean lsopiestie

CaCI,-MgCi, 0.1 -0.lW7 -0.038
-0.029

0.3 -0.017 -0.022
-0.028

0.7 -0.012 -0.010
-0.009
-0.0107 -0.0100 -0.0096(9)
-0.0093
-0.0117 -0.0114 -0.0111
-0.0110

CaCI,-SrCI, 0.06 0.028 0.022
0.017

0.3 0.003 0.0035 0.0055 (10)
0.004
0.0060 0.0054 0.0055
0.0047
0.0047 0.0044 O.OO6t
0.0040

to estimate "" from a least-squares fit of the points along the
linear section (Table I). On the basis of comparison with the
isopiestic data (9, /0) the results at the higher concentrations
are surprisingly good in view of the severe limitations imposed
by the nonspecificityof the electrode for calcium. The assump-

(9) R. A. Robinson and V. E. Bower, J. Res. Nat. I1Mr. Stand., A,
70, 305 (1966).

(10) Souheng Wu, University of Kansas, Ph.D. Thesis, 66-6062
University Microfi1ms,lnc.. Ann Arbor, MU:hi&an, 1965.
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Figure 2. Selectivity isotherms for the Orion
calcium activity electrode at constant ionic
strength at 25 ·C and pH ~7.s. Symbols
represent experimeotal polots

(A) Aqueous eaOrMgCI,; • 0.1 molal;
00.7 molal; ... 3 molal; "6 molal
(8) Aqueous eaOrS,CI,; X 0.3 molal; .3
molal; 06 molal. - tunes derived (rom
Equation 1 and Table 11

%l

%.1:'

°0~--;-':;:0---;'''0---;J''0--;'''0-----:!'On--,cbOn--~'0n--'''On--;c,0~-~'00
°/0 1.5. COCI,

A

000

tion that the electrode behavior is Nernstian[ref. (8)andimplied
in our use or Equation 2] seems justified, even though devi­
ations could be expected at these conccntrations (I J). The
low values of a .. ror the system with strontium chloride at
6 molal may be due to such deviations. As rar as we know,
there are no comparative data at the lower concentrations so
that no firm conclusions can be made regarding the accuracy
or these data.

(11) Rima Huston and J. N. Butler, ANAL. CHIM., 41, 200 (1969).
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The overall results suggest that the electrodes should be
useful for estimating changes in aClivity coefficients in two­
electrolyte systems provided the selectivity does not exceed
that shown here. Results ror the NaCl-eaCI, system at an
ionic strength of 3.15m, using the Orion (98-20-02) exchanger,
showed that the selectivity ror sodium was too high at this
ionic strength for an accurate estimate of an to be made (J2).

(12) "lon-Selective Electrodes." Richard A. Durst, Ed., Nal. 8ur.
Stand. S!"c. Publ., 314, 184 (1969).
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Even so, a tangent drawn to the fitst part of the curve gives a
w1ue of around -0.027 compared with -0.0165 for the
isopiestic method, which shows that at least a reasonable
estimate can be made in a case as unfavorable as this. How­
ever, it is difficult to generalize, sinoe apart from selectivity,
the magnitude and complexity of Ihe ion interactions will
inJIuence the results. For instance, if Hamed's rule is Dot

obeyed, this would greatly complicate the analysis. 00 the
other hand, if the alpha coefficients are relatively large and
Harned's rule is obeyed, the accuracy should be higher.

SelectlYity. lbe values of y were estimated from the
deviations of the smoothed curve from the Harned slope
(Figure I). The experimental isothenns could then be c0n­

structed (F'lIuce 2) and the selectivity ratio K' (F'lIUfe 3)
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Figure 4. LlDear fit of
tbe cia.. 00 tbe basis of
three dlYllleat ioIlII oc­
cupying an exchange lite,
m - n = 3laEquatJoal

R re_1I 3 Jog (ac.!+I­
a"l+) + Iog(l - y)/y - 3
log hc.+h"t:+)
(A) MI+ re_1I Mgt'
(B) MI+.--II SIC'
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calculated from the relationship

ac,.. la".. - -K'IY/(I - y)] (4)

On the basis of regular solution theory and simple ion ex­
change concepts (8), the results indicate that three divalent
ions (M'+) occupy an exchange site SO that m - n - 3 in
Equation I. The fil is iUustrated in Figure 4, where the
concentrations have been used for simplicily. This will nol
affect Ibe closeness of lhe fil very much since log .,c,"/'Y,,"
(equivaJent 10 log .,.c.c,,J.,.,,e,J is approximately conslanl
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al a givcn ionic strength. The activities were used in all
olher cases kg., Equation 4 and Table II). Values of Ihe
mean molal activily cO".fficients for Ihe single electrolyte solu­
tions were obtained from references (13) and (14). The

(13) Roger Panons, "Handbook of Electrochemical Constants,"
Butterwonhs, London, 1959.

(4) H. S. Hamed and B. B. Owen, "The Physical Chemistry of
Electrolytic Solutions," 3rd ed., ACS Monograph 137, Reinhold
PublisbiDa Corp., New York, N. Y., 1958.



• Interpolated values.
1I Smoothed value.

Harned coefficients of references (9) and (10) were used as
far as possible. otherwise our experimenlal values or estimates
(interpolations) were used. The variations of A. and B with
ionic strength were obtained by drawing smooth curves
through the experimental data in Table II. Values of these
parameters at other ionic strengths could then be estimated
and the corresponding isotherms and selectivity curves con·
structed (Figures 2 and 3).

Roc.rvED for review September 14, 1970. Accepted De­
cember7,1970.

The experimenlal points fitlile predicted curves rasonably
weU, allbouah BOt over \he whole composition raoae. Devi.
ations are greatest for \he low ionic strellll1hs where the
smoothed and experimental values of Ibe parameters A and B
differed by 2-3 %. The change of selectivity with solution
composition is similar to that found for \he calcium chloride­
sodium chloride systems (8) and, as expected from the manu­
facturer's handbook, Ibe interference from the alkaline earth
cations (listed as K'. = 0.017. K'w. = 0.014) is greater at
lower concentrations than that of the sodium ion (K'N. =
0.001), the magnesium effect being less than that of strontium.
The effect of ionic strength is relatively much smaUer, however,
so that sodium interference exceeds that of lIle alkaline earlils
at higher concentrations.

In the simple chloride systems studied so far it does not
appear that the anion plays a major role in the ion exchange
process; however, other anions (e.g., the nitrate ion) may be
extracted with the cation at the higher concentrations so that
mixed complexes are formed in the organic phase. In ex­
treme cases, the extraction may occur DW a solvation mech­
anism characteristic of non-ionic pbosphorylated extractants
(7). It is not known. therefore, whelher lIle selectivity data
given here will apply generaUy to alkaline earIh salts at hiah
ionic strengths.

3.40­
3.50
3.60­
3.66
3.76
3.66
3.44
3.20
2.80
2.10

A. -B

3.52­
3.52
3.SO­
3.47
3.36
3.14
2.66
2.10
1.24
0.08

4.50

4.20'
4.02
3.46
3.02
2.66
2.42
2.25
2.20

Select1Y1ty Parameten of Eq..UOII I
(w1t11m-n=3)

CaClrMgCl,
A. B

5.60

4.99
4.78
4.19
3.71
3.24
2.78
2.37
2.09

Table D.

Ionic
suenll\h

0.1
0.3
0.7
1.0'
2.0'
3.0
4.0'
5.0'
6.0
7.0'

Effects of Structure of Peptide Stationary Phases
on Gas Chromatographic Separations of
Amino Acid Enantiomers
J. A. Corbin,' J. E. Rboad,' and L. B. Rogers

Department of Chemistry, Purdue Unioersity, Lafoyelle, Ind. 47907

The lies chromatographic bahavlor Is described for a
series of systematically-substituted, optically-active,
peptide derivatives used as stationary phases. Re­
sults with pairs of phases containing one racemic
center Indicated that the major part of the separation
occurred at the amide end of the dipeptide. Never­
theless, a values were sensitive to changes In the struc­
ture of the side group at the ester end. A staady
decrease In a occurred as the bulkiness of the peptlda
side groups decreased. A tripeptide derivative pro­
duced a values nearly as larlle as the corresponding
dipeptide and showed a small, but significant, Incraase
in chromatographic temperature stability. However,
underlvatlzed solid peptldes used as stationary phases
did not show enantlomer separations. An Increesa In
the bulkiness of the solute ester group produced an
increase In a on all phases studied. An increase in
bulkiness at the solute a carbon atom produced a
consistent, but not straightforward, effect.

of amino-acid derivatives (/-1). Recently, a second dipep­
tide phase, N-TFA-L-phenylalanine.L-leucine cyclobexyl ester.
was synthesized which also gave good enantiomer separations
and could be used at higher operating temperatures (4). The
particular ease of separability associated wilb lIle dipeptide
phase was attributed to the possibility of formation of Ihree
hydrogen bonds in a diastereomeric bridged association com­
plex between the solute and solvent.

While there have been detaiied studies of solute behavior
on the above stationary phases, there has been no study of
systematic changes in the peptide stationary phase itself.
The main purpose of this study was, therefore, to investigate
those factors which were most important in leading to an
enantiomer separation with peptide phases so that. hopefully,
new and better stationary phases, suitable for specific ap­
plications, could be prepared. First, a study was done to

TH' COMPOUND N-TFA(trifluoroacetyl)-L-valyl-L-valine cy­
clohexyl ester (vv) has been shown to be an excellent stationary
phase for lIle separation of the enantiomers of a wide variety

I Present address. Celanese Fibers Co., Charlotte. N. C. 28201
• Present address, Department of Chemistry, Vanderbilt

University NashviUe, Tenn. 37203

(I) E. Gil·Av, B. Feibush, and R. Charles-Sigler in "Gas Chroma·
tosrapby 1966," A. B. littlewood, Ed., n.e Institute of Petro­
leum. London, England, 1967, p 227.

(2) E. Gil-Av and B. Feibush, r.,,,,hedron Lell.. 35, 334S (1967).
(3) S. NaIr.aparksin, P. Birrell, E. Gil·Av. andJ. Oro,l. Chromatogr.

Sc/.. 8. m (1970).
(4) W. A. Koenig. W. Parr. H. A. Lichtenstein. E. Bayer. and J.

Oro,/bld.. p 183.
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determine which end of the stationary phase was more sig­
nifiCant in bringing about the separation and whether two
asymmetric centers were necessary for resolution. Then, the
effects of systematic changes in the side chains of the peptide
were determined. Specifically, we were interested in de­
termining if the two amino acid portions of the peptide acted
independently of one another and the significance of a change
on the amide end relative to a similar change in the ester
portion. Also, since N-PFP (pentaftuoropropionyl) solutes
have been shown to be more stable and, in some cases, to
give larger a values than the corresponding N-TFA deriva­
tives, it was of interest to compare the chromatographic be­
havior of the N-PFP and N·TFA stationary phases with
respect to N-PFP and N-TFA solutes (5, 6).

Previous investigators have worked only with dipeptide
stationary phases. Since it was thought that higher polymer
peptides might have better chromatographic temperature
stability, a tripeptide was derivatized for comparison with
the corresponding dipeptide derivative. Also, since enan­
tiomers have recently been separated on an optically active
solid adsorbent, 'insoluble, solid, underivatized peptides,
stable to above 200 'C, were investigated (7).

EXPERIMENTAL

Reaaenls. The N"m-BOC (tertiary-butyloxycarbonyl)
derivalives of L-valine, L-leucine, and glycine, N-CBZ (carbo­
benzoxy) derivative of DL-valine, L-valine, L-leucine, DL­
alanine ethylester hydrochloride DL-alanine melhylesler
hydrochloride, and DL-valine methylester hydrochloride
were purchased from Mann Research Laboralories, New
York, N.Y. The glycine, DL-alanine, and trifluoroacetic
acid were oblained from Matheson, Coleman and Bell,
Norwood, Ohio. The poly-L·phenylalanine, and N-TFA·
L-valyl-L-valine cyclohexyl esler were from Miles Labora·
lories, Elkhart, Ind. The 30% HBr in glacial acetic acid
and dicyclohexylcarbodiimide were from Eastman Organic
Chemicals, Rochester, N.Y. The L-leucyl-L-leucyl-L-leucine
was obtained from Schwarz BioResearch, Orangeburg, N.Y.,
and the L-valyl-L-Ieucine from Nutritional Biochemicals
Corp., Cleveland, Ohio. The triftuoroacetic anhydride was
from Aldrich Chemical Co., Milwaukee, Wis., and the
pentaftuoropropionyl anhydride from K and K Laboralories,
Plainview, N.Y. All chemicals were used without further
purification.

The individual peptide stationary phases Were prepared in
one of two ways. Either I/:e free peplide was esterified and
triftuoroacetylated or an amino acid ester was coupled to a
,.,,-BOC or CBZ-protected amino acid followed by triftuoro­
acetylation.

The N-PFP·L-valyl.L-leucine cyclohexyl esler (p-vl), N·
TFA'L-valyl-L-Ieucine cyclohexyl ester (vi) and N-TFA-L­
leucyl-L-Ieucine cyclohexyl ester (Ill) phases were prepared by
the ditect esterification procedure which consisted of the
following. One gram of the peptide was mixed with 100 ml
of reagent grade <;yclohexanol. The mixture was heated to
100 'C and drY'HO bubbled in for 60 minutes to produce a
clear solution. The reaction mixture'was then maintained
at 100 'C for 10 hours with occasional addition of HO. At
the end of this periOd, the cyclohexanol was removed by
vacuum distillation to produce a clear gum. In the vi case,
the peptide ester hydrochloride was precipitated by addition
of dry ether to produce a white solid. (However, the III
derivative could nOl be precipitated in that way. So the
next step was carried out on the entire solution.) The peptide

(5) W. Parr, C. YIlIlII, J. Pleterski, and E. Bayer,J. Chromalog,., SO,
510 (t970).

(6) E. An.....d and O. Sedvall, ANAL. CHEM., 41, 1250 (1969).
(7) J. A. Corbin and L. B. Roaors, ibid., 42, 974 (1970).
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ester was dissolved in 50 ml of CH,CJ., cooled in an ice bath,
and reacted with a fivefold excess of anhydride for I hour.
The solvent, excess anhydride, and by-products were removed
with a rolal')' evaporator producing an oil which was taken
up in approximately 5 ml ofdry ether.

The product was then purified by preparative gas chroma­
tography using 5&30 as a stationary phase. In general, the
reaction mixtures contained 3-5 impurity peaks. The prod­
uct was always Ihe last compound to emerge and was well
separated from the other components (peptide derivative
peak k ",,<4). Final product yield was 50-75 %.

The N-TFA-L-Ieucyl-L-valine cyclohexylester (Iv), N-TFA­
L-Icucyl-L·leucine cyclohexyl ester (11), N-TFA-glycyl'L-valine
cyclohexyl ester (gv), N-TFA-L-valyl-glycine cyclohexyl esler
(vg), N-TFA-DL-valyl-L·valine cyclohexyl ester (OL-L) and
N-TFA-L-valyl-DL-valine cyclohexyl ester (L.DL) phases were
prepared by a coupling procedure similar to that described
by Koenig el 0/. with the following minor modifications (4).
The amino acid ester reaction mixtures were heated to 100
°C, rather than leaving them at room temperature, so as to
achieve solution. The crude amino acid ester products were
precipitated with CHCI, prior to recrystallization from
CH,CJ.and ether.

In the DL-L case, the CBZ derivative of DL-valine was used
rather than the lerl-BOC derivative. The CBZ protecting
group was removed by treatment with 25 ml of 30% HBr in
glacial acelic acid at 35 'C for 30 minutes. The free peptide
ester was then precipitated by addition of 500 ml of dry ether.
The rest of the procedure was the same.

The peptide triftuoroacetylation procedure for all phases
was Ihe same as described above. Unlike the procedure of
Koenig el 01. (4), we were unable to find a suitable recrystalli­
zation method for these phases. Therefore, the phases were
purified by preparative-scale gas chromatography in the same
manner as with the ditect esterificalion producls.

The identity and chemical purity of the stationary phases
were carefully considered. The preparative-scale gas chro­
matographic purification procedure afforded a high degree
of purilY not possible by mosl other purification methods.
However, as a check, a microanalysis was run on the Iv
phase. The results showed that il was the desired product and
was indeed of very high purity. The identities of all products
were checked by IR and mass spectrometry using the Miles
vv phase as a reference. There was no question that the
phases were the desired compounds.

Optical purity was also of prime concern. II is generally
accepled that no racemization takes place during esterification
under acid conditions (8). However, as a check, the N-TFA
derivatives of the L- and DL-valine cycJohexyl eslers Were put
through a vv column, and they produced a single peak and
two peaks in a ratio of I :1, respectively. The stalionary
phases prepared by the direct peptide esterification method
were assumed to be oplically pure since the starting peplides
were optically pure and the process did not involve any steps
which would have led to racemization. Also, t.~e coupling
process, performed under the given condilions, should not
have produced racemization (9). Therefore, aU stationary
phases were assumed to be pure ones of the desired optical
composition.

The amino acid derivatives used as solutes in the study were
prepared from commercial or laboratory-prepared ester hy­
drochlorides by a previously described method (7). The
identity and chemical purities of the amino acid derivatives
were confirmed by NMR and mass spectrometry.

Apparatus. For all work with capillary columns, an
Aerograph 660 gas chromatograph, modified to minimize the
dead volume in the system and equipped with a Hamilton

(8) M. Bodanszkyand M. A. Ondetti, "Peptide Synthesis," Inter­
science Publishen, New York, N. Y.• 1966, P 145.

(9) D. T. Besselle, Mann Research Laboratories, Orangeburg,
N. Y., private communicatioo, April 17, 1970.



inlet spliUer, was used. The chromatograph was operated
at n detector temperature of 180 °C, an injection temperature
of 200 "C, and at different column temperatures. During
studies of the effect of temperature change, fifteen mmutes
w~rc allowed for equilibration after each new temperature
had been reached, unless otherwise stated. A flow rate of
approximately 2 ml!min of nitrogen, dried using 5A molecular
sieve traps at amblcnt temperatures, was usua1Jy used. An
Esterline.Angus Speed Servo recorder recorded the chromato·

gr~·n tubular, borosilicate glass columns were used through­
out the study of enantiomer separations. The 40 m by 0.25
rom columns were cleaned, drawn, and conditioned as pre­
viously dl'Scribed (7). They were coated using 20% w/v
solutions in dry ether (10) except the POIY-L-phenylalanme
and solid tripeptide columns which were prepared from
saturated solutions of these compounds (~3% w/v) in di·
chloracetic acid and water, respectively.

For preparative-scale purification of the stationary phases.
an Aerograph 202 gas chromatograph equipped with a
thcrmoconductivity detector was used. The stainless steel
columns were 3.1 m by 4 mm packed with 5% SE-30 on
DMCS-treated. acid-washed, 80/100 mesh Chromosorb G.
The column was maintained at 285°C, the injection port at
310 'C and the detector at 310 "C with a helium flow rate or
approximately 40 ml/min. The sample concentrations were
adjusted so Ihat a 50-~1 injection produced 2-3 mg of product
upon collection.. .

Capacity ratio. k, separation factor, a, and resolution, R,
were calculated in the same way as before (7). The k and a
values were reproducible within ±0.003. Values for R
could be reproduced within 0.1 unit.

RESULTS

Effect of Individual Asymmetric Centers. To determine the
relative contribution to the overall enantiomer separation of
each of the two centers in the dipeptide, two pairs of com·
pounds, L-DL/DL/L N-TFA-valyl.valine cyclohexyl ester and
vg/gv, were synthesized. It was assumed that, in the L·OL

and DL-L cases, the Land 0 fractions of the racemic center
would contribute equal and opposite interactions and, thus,
cancel oul the conotiorncr separating ability of that ctnt~r.

Because glycine is not optically active, the vg and gv dipcptides
made with that amino add contained only one asymmetric
center.

As shown in Table I. the L-Dl. phase gave excellent enan..
tiomer separations with a values for the isopropyl alanine
derivative which were only approximately 0.1 unit h..-ss than
the vv phase. Surprisingly, the OL-L compound gave no
detectable cnantiomer separations. These results suggl.'Sted
that the amide end or the stationary phase made a far greater
contribution to the separation than the ester end.

Unfortunately, the gv and vg stationary phases had quite
dilferent physical properties so that a completely comparable
study could not be made. Although the gv phase behaved
similarly to the other dipeptide phases (mp ~90 "C), Ihe vg
phase was a high·melting white solid (mp = 155 'c) which
made it unsuitable as a stationary phase. Like the DL-L
valyl.valine which producl'<1 no observable separation of the
enantiomers of the isopropyl alanine derivative, the gv
producl'<1 only a very small separation. The k values at
100 'C were 10.46 and 10.57, respectively, which represented
an a value of approximately 1.01. Again, these results
suggested that the differential interaction at the ester end of
the stationary phase produced only a small enantiomer
separation.

(10) L. S. Ellrc, "Open Tubular Columns in Gas Chromatography,"
Plenum Press, New York, N. Y., 1965, P 82.

Table I. k" a, and R Valuea for EDaatiomerll of N·TFA·ov
Alanine Isopropyl Ester ... a FuactIoa of Temperature on

Dipeptide Statloaary Pbases Conta1lllng Omy
One AlIymmetrlc Ceater

9O'C 110 'C
Stationary phase k, R k, R

N-TFA-L-valyl-nL-
valine cyclohcxyl ester 9.56 1.102 1.393.89 1.073 0.83

N-TFA-DL-valyl-L-
valine cyc10hcxyl estcr 3.53 2.16

• No cnantiomer separation was observed.

Effects of Systematic CbaDgea In the Amino Acid CODIposi­
lion of Peptide Stationary Pba..... To determine t1ie effects
on the a values or enantiomers of the side groups on a dipep­
tide, comparisons were made of isobutyl (Ieucyl) and iso­
propyl (valyl) derivatives, In all cases, In "k os. lIT plots were
essentially straighl lines between 90 and 110°C so Table II
shows only Ihe results al the temperature extremes. When
valine was replacl'<1 by leucine in a series of dipeptide sta·
tionary phases, a ror the isopropyl and ethyl alanine deriva­
tives was always less by nearly the same amount. regardless of
whether the substitution was at the amide end or ester end.
However, the ethyl valine derivative was an exception on both
mixed phases (vI, Iv), the a value for Iv being greater than
thalforw.

Apparently, the larger a values associated with the valine­
containing phases were the result of greater sterle interaction
with the isopropyl group, where the branching is closer to the
asymmetric carbon, than with the isobutyl group of leucine.
However the results with the ethyl valine solute indicated
that this'was not a rigid rule and depended on Ihe specific
solute involved. In any case, the nearly equal effects on a of
substituents at the amide and ester ends of the dipeptide
indicated that important secondary steric contributions were
made by Ihe ester end of Ihe dipeptide, even though the
primary bonding interaction occurred at the amide end.

The stationary pluises showed similar abilities to separate
the individual amino acid derivatives (the compounds them­
selves, not their enantiomers). For example, using the data
in Table II to calculate an a, value from the k, value for each
or two compounds. one finds that the a, values for the ethyl
valine derivative relative to the isopropyl alanine derivative
ranged between J.SI and J.57 at 90 "C. This behavior was
not unexpected considering that the only difference between
a leucine moiety and a valine moiety was an additional CH,
group in the former.

Surprisingly, in light of the virtually identical a, values,
Table III shows that the various peptide phases differed
greatly in their relative abilities to resolve diff~ent pairs of
enantiomers. In other words, the relallve Wldlhs of the
peaks were greatly different even though the ralio of k, (and
k.) values were nearly the same. To minimize tbe eff'7t
of column instability, the pairs of compounds shown In
Table III were chromatographed immediately after one an·
other in as short a time·span as possible. Because the reo
solving abilities of the columns were changing slowly with
time and the sample sizes were not exactly the same, the
reported values were precise only within ±O.I. H.owever,
some of the observed differences were weU outside thiS range
of experimental error. Apparently, the hand broadening for
the otherwise symmetrical peaks depended stronaIY on the
individual solute and differed from phase to phase. This

ANALYTICAL CHEMISTRY, VOL. 43, NO.3, MARCH 1971 • 329



Table ll. k, a, and R Values for Enantiomers of a Series of Amino Acid Derh'8tives on a Series or Peptide Stationary Phases as
a Function or Temperature

Amino acid derivative

S.71 I. liS 2.75 3.651.0951.17 I3.S5 1.061 1.44 5.331.0430.60 7.S3 I.U95 2.U7 3.241.0751.00 114

9.271.126 2.40 4.IS 1.112 1.23 14.57 1.080 LSI 6.IS 1.064 0.80 S.3O 1.1071.793.701.0791.00 III

9.SS 1.103 1.914.21 1.0761.01 14.77 1.062 1.22 6.00 1.0490.70 S.70 1.0S1 1.40 3.77 1.064 0.S5 114

6.671.0962.152.591.072 1.11 10.071.061 1.60 3.SI 1.0451.00 5.731.0761.752.32 LOSS 1.09 IIU

N·TFA-D~ne ethyl ester
W ·C 110 ·C Methane

R -k-·,----R-~-k,R --;:; ----R-
90 ·C IIO·C

N-TFA-oL-valine ethyl ester

k,

N-TFA-oL-alanine isopropyl ester
9O·C IIO·C

-k-·,----R -k-"---~

13.04 1.1142.525.951.090 1.23 19.591.0872.14 S.55 1.066 0.76 11.J7 1.0952.315.351.075 LOS 110

Stationary phase

N·TFA·L·valyl-L­
valine cyclohexyl
ester

N-TFA-L-valyl-L­
leucine cyclohcxyl
ester

N-TFA-L-leucyl'L-
valine cyclohcxyl
ester

N-TFA-L-Ieucyl-L­
leucine cyclohexyl
cster

N-TFA-L-Icucyl-L­
leucyl-L-leucine
c)'Clohcxyl ester

denced by a longer retention lime on the SE-30 column). the
tripeptide phase might be man.: suitable for usc at high tem­
peratures than the more volatile dipeptide phase. This was
indet.'d the case. The ratc of loss of resolution was much less
at 120 ·C ror the tripepiide than the dipeptide phase. Opera­
lion at 120 ·C ror 60 minules produced losses in R or 0.3
and 0.1 unit for the dipeptide and tripeptide, respectively.
In general, the tripeptide phase, at approximately 10 Co
higher termperature than the correrponding dipeptide, had
the same ratc of loss of resolution. Attempts to usc the
tripeptide phase at 130 ·C showed Ihatlhe rate or desradation
was so great that the column was essentially useless after 30
minutes.

Another interesting point was that each of the three tri­
peptide columns used always produced k valucs which were
approximately 30% smaller Ihan the dipeptide phases. even
though the coating solutions were the same weight/volume per
cent. Since there was no way of accurately measuring the
amount of stationary phasc in the column, smaller k values
may have been Ihe rcsult or a smaller quantity or stationary
phase retained in the column or of a smaller effective fraction
of active siles.

Since enantiomcr separations have been done by adsorption
on a solid stationary phase (7), attempts were made to usc
solid poly-L-phenylalanine (molecular weighl range 3000­
5000) and the solid underivatized L-Icueyl-L-Icucyl-L-Ieucine
tripeptide. These materials were solids which decomposed
without melting at lemperatures in excess of 200 °C.
Columns coated wilh these compounds were quite difficult
to prepare since both were nearly insoluble in most common
solvents.

As adsorbenls. bOlh or Ihe solid peptides produced very
smaU k values and no detcctable enantiomer separations.
Representative k values at 70 'C for the isopropyl alanine
derivative were 1.74 and 0.29 ror poly-L-phenylalanine and
for the tripeptide. respectively. The fact that the k values
were small and the peaks were sharp indicated that there was
little or no exposc'd g1a... Hence. adsorption on the solid
underivatized peptide appears to hold lillie promise.

N-PFP os. N-TFA Stationary Phases. N-PFP derivalives
produced larser a values Ihan the corresponding N'-TFA
derivative on a solid ureide stalionary phase (7). Parr e/ 0/.
reported a larger a value ror the enantiomers or some N­
PEP-DL derivatives than for the corresponding N-TFA
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Table 111. Ratios or Resolutions or Enantiomers or Amino
Acid Dcrivath·cs as a Function of Temperature for a Series of

Peptide Stationary Phases

90 ·C IIO·C
R1"/R, R./R~ R1IR: ~lStationary phase

N-TFA-L-valyl'L-valine
C)'c1ohexyl ester

N-TFA-L-valyJ-l-leucinc
cyclohexyl eSler

N-TFA-L-Icucyl-L-valine
cyclohcxyl ester

N-TFA-L-lcucyl-t..lcucine
cyclohexyl ester

N-TFA-L-Ieucyl-L-Ieucyi-L­
leucine cyc10hexyl ester

N·PFP-L·valyl·L·lcucinc
cyclohexyl esler 1.6.2.6 1.0

• R1 = Resolution of cnBntiomcrs of N·TFA·DL-alaninc iso­
propyl ester. R. = Resolution of enantiomers of N·TFA·OL­
valine ethyl ester. Ra -= Resolution of cnantiomcrs of N-TFA­
DL·alaninc ethyl ester.

latter aspect should be considered in any ruture attempts to
tailor individual phases ror specialapplicalions.

Dipeptide Phases os. Larger Polymers. Table II also pre­
sents a comparison or a values on a tripeptide derivative (III)
and its corresponding dipeptide derivative (II). This partic­
ular pair was chosen because the starting materials were
readily aYdiiable. All solutes gave slighlly smaller a values
on the tripeptide phase than on the corresponding dipeptide
phase. However, the absolute differences were Quite small
and, for many practiC'S1 appliC'Slions, the tripeptide could be
substituted ror the dipeptide.

The ract that the tripeptide produced a separalion indicated
that the ester and amide ends or the molecule did not need
to be in close proximity so as to cause 8 differential sterk
interaction. Apparently, the mechanism does ·not neces­
sarily involve a joint interacti~n with both ends or the phase
since the distance between the amide and ester portions was
too great to be spanned by the solutes, assuming a linear
tripeptide conrormation.

One reason for preparing the tripeptide phase was 10 in­
vestigate its chromatographic temperature stability relative
to the corresponding dipeptide. It was thought that, since
it was a larger molecule with a higher boiling point (as evi-
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Table IV. k, a, lUId R Val_ for Enutlomen of a SerIea or AmIno Add Derhatlfta 00 N.PFP and N.TFA Peptide
SlatlOlllU'Y Pbaaea at 110 ·C

Amino acid derivatives

Stationary phase t. a R t. R t.
N-TFA-L-valyl-L-

leucine cyclohexyl
ester 3.65 1.095 1.17 3.24 1.075 1.00 2.73

N-PFP-L-va1yl-L-
Ieucioe cyclohexyl
ester 4.90 1.088 0.78 4.31 1.069 0.76 3.79

a R

N·TFA-DL-alanine
isopropyl ester

N-TFA-DL-a!anine
ethyl ester

N·PFP·DL-aIanine
ethyl ester

1.068

1.063

0.79

0.51

MethaDe,
sec

112

114

derivative (5, II). Also, in a study of catecholamine metab­
olites, N·PFP derivatives were shown to be more stable than
N-TFA derivatives (6). Therefore, it was of interest to com­
pare the chromatographic properties of an N-PFP phase with
its corresponding N-TFA derivative. We were particularly
interested in determining if the N-PFP phase produced larger
a values with N·PFP solutes.

Table IV shows that for the p-vl and vi phases used for this
study, the N-PFP solute gave only slightly smaller a values
but much smaller k values and R values than the correspond­
ing N-TFA derivative on both phases. The same was true at
all temperature'S. The ratio of a values on both stationary
phases was quite temperature sensitive, those on the N-PFP
changing somewhat more. For example, at 90 °C, the a
values of N-PFP and N-TFA DL-alanine ethyl ester were
virtually equal (1.087 vs. 1.089), while at 110 ·C the former
were somewhat smaller (1.063 vs. 1.069). The same was
true for the corresponding a values for the N-TFA stationary
phase.

In summary, N-PFP stationary phases can be readily
synthesized and did produce reasonably good enantiomer
separations. However, no advantages over the N·TFA
derivatives were apparent.

Solute Effects. A complete evaluation of solute behavior
was beyond the scope of this study. However, as shown in
Table II, an increase in bulkiness of the solute ester group
produced larger a values on all the stationary phases studied.
Nevertheless, an increase in bulkiness at the a carbon atom
produced a consistent but poorly understood effect. For
instance, the ethyl alanine derivative (methyl side group)
produce smaller k values, larger a values, and better resolu­
tion on all phases at all temperatures than the ethyl valine
derivative (isopropyl side group). It is clear from these
results, as well as from those of Nakaparksin el al. (3), that
more work is needed before the effects of individual solutes
will be completely understood.

(11) W. Parr, C. Yang, E. Bayer, and E. Gil-Av, J. Chroma/ogr.
Sci., g, 591 (1970).

Discussion. A variety of optically-active, dipeptide (and
higher polymeric) stationary phases can be obtained in high
chemical and optical purity in the laboratory. Good yields
are possible and purification'is simple by prepasative-scale
gas chromatography. Hence, it should be possible to tailor
the individual phase to the experimenter's needs.

This study indicated that the best sepasations of enantio­
mers of amino acid derivatives, using peptide stationary
phases, would be achieved using a dipeptide stationary pllas!'
possessing an N-TFA group, bulky side groups, and a simi­
larly bulky ester group, with a column operated at the lowest
feasible temperature. A stationary phase containing more
sterically hindered side groups, such as terl-butyl, might or
might not produce better separations than existing phases,
depending upon the effect of added crowding. However,
the results with poly-L-phenylalanine indicated that an ad·
sorption mechanism or an underivatized polypeptide will not
work and suggested that there was a practical limit on the
length ofthe peptide chain.

The derivatives of the volatile solutes should also possess
a bulky ester group (such as lerl.butyl or isopropyl) and an
N-TFA group. Somewhat greater chromatographic tem­
perature-stability can be achieved, with a small sacrifice in
a, by going to derivatized tri- or higher peptides.

Since the amide end of a dipeptide appeared to make the
primary contribution to the separation, and since only one
end of the peptide molecule had to be derivatizcd, it should
be possible to produce a high-temperature stationary phase
by derivatizing the amide end and attaching the carboxylic
acid group toa stable, non-volatile optically.inactive substrate.
However, since the substrate would not contribute to the
cnantiomer separation. care would have to be taken to main­
tain a high concentration ofactive sites.

RECEIVED for review October 5, 1970. Aecepted December
2, 1970. This work was supported, in part, by funds from
the U. S. Atomic Energy Commission under contract AT
(11-1)-1222,
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Low Level Sodium Ion Measurement with the Glass Electrode

Edaar L. Eckfeldt lIJId WIlllam E. Proctor. Jr.
CorpoTQ/t Re~orch Deportment, uetb & Northrup Company, North Wales, Po.

Power plants and othar industries need continuous
measurement of sodium ion, both at higher concentra­
tionsand also In the range from 0.1 to 1.0 ppb, to deter­
mine quality of process water. Laboratory and field
studies have shown that sodium, even at the lower level,
can be successfully monitored over long periods of
time If attention Is given to several conventionally over­
looked factors. A strong base is preferred to economi­
cally reach the high pH of sample (1L1~11.6) needed for
adequate suppression of hydrClllen Ion; also preferred
Is one that r,roduces a cation (dlmethylamine, or better
dllsopropy amlna) that exerts minimal electrode Inter:
ference. Other troublesome Interferences and ways
to avoid them are discussed, Including potesslum and
sliver ion Inlerference from the reference electrode
solution during both normal and stopped flow sample
conditions and electsical noise originating at the liquid
Junction.

SOME AREAS OF r.KlOERN industry require very high purily of
materials to suppon the advanced IL'Chnology achieved.
Examples are the semiconductor industry and electric power
generalion. Process waler used in these industries may ex­
ceed in purily, for example, Ihe dislillL'<l waler commonly
~sed in many laboralories. To mccllhe purily rcquiremenls,
InduSlry needs sensilive, convenienl, and reliable analytical
lechniques.

The ubiquitous character of sodium in our environment
makes sodium an effective telltale 10 reveal the condition of a
high purilY waler syslem and 10 signallrouble when contami­
nation enlers. Flame photomelry can serve 10 delermine
~ium at rather low con~cntrations, but the measurements
Involved are nol easy 10 carry oUI, nor is the melhod easily
and inexpensively adaptable 10 conlinuous moniloring in­
slrumentalion. The sodium seleclive glass eleclrode offers
an allractive allcrnalive. Allhough many people have con­
tribut~, Eisenman (/). has conlribuled oUlStandingly 10

Iheorelical and experimental knowledge of Ihe eleclrochem­
islry of calion-sensilive glass electrodes (see Reference I for
a comprehensive discussion). Gurney (]) pioneered the use
of the glass electrode for measuring sodium in process water
of power .planlS. In contrast to name photometry, glass
electrode measurements are easy to carry out and a successful
monitor of this typC offers considerable pra~tical advantage.
Accordingly. Ihis electrode measuremenl has generated much
interest and is ihe basis of several commercial inslruments
now on the market.

Two careful recent studies have shown the current status of
low-level sodium ion measuremenl· with the glass electrode.
Followina usual praClice, ammonia was used in those invesli­
galions as the base agenl to raise pH. In one of Ihe sludies,
Hawthorn and Ray (J) concluded that the electrode follows the
Nemst equalion over concenlrations rangina from. 25 ppb
10 25 ppm. Below 25 ppb, coirections to compensale for
baekaround sodium in the waler used to pq:pare solutions
are said to be needed in order to allow use of the electrode to

(I) G. Ei;tenTBn, ..Ad,,;,nces in Analytical Chemistry and Instru-
O'%~;,nn. C. N. ReIlley, Ed., Wiley, New York, N. Y., 4,213

(2) W. B. Gurney, EJr<. World. March 23, 1964, P I:l'.
(3) D. Hawthorn and N. J. Ray. Anolyst, 93, U8 (1968).
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measure down to I ppb wilh a maximum uncenainty of 1.8
ppb. Sodium concenlration changes al lower levels than
this, however. are said to be discernible. In Ihe other study,
Webber and Wilson (4) claim that the eleclrode can be made
10 follow the Nemst equation down to about I ppb by con­
trolling the pH of Ihe sample and by using continuously
nowing samples. They found standard deviations of 0.4 10

1.2 ppb in measuring low concentrations of sodium.
The present authors, along with W. A. Lower and W. D.

Howie of Duquesne Light Company, published results of
an eXlensive field study of Ihc glass electrode for measuring
sodium ion in various power plant applications (5). The
work fcaturL"d several innovations, including the usc of base
agents other than ammonia. It was concluded that measure­
ment of sodium ion, even in Ihe low range of 0.1 to 1.0 ppb,
should be no more difficuh to carry out Ihan eonvenlional
pH measurement. A measurement as low as 0.07 ppb was
reponed on one spL'Cially purified sample.

Those results represent a sensitivity increase over results
reporled by others, corresponding to al least one order of
magnitude lower in sodium ion measurement. Capability
of measuring at such low levels is imporlant, because good
deionizer emuents and much or the hot well condensate water
of high-prL'Ssure steam plants contain sodium in the 0.1 to
1.0 ppbrange.

A novel calibration technique was used which circumvented
a problem Ihal has confrontL'<l olher workers who have at­
tempted to measure very low levels of sodium ion-namely,
Ihe problem of knowing the background sodium content of
reagent water uSt.-d to prepare standard sodium solutions.
The method determines background sodium content by
introducing a known sodium concentration increment and
calculating the initial solution concentration using the known
logarithmic (Nemstian) response characteristic of the elec­
trode. Adherence of the electrode to theorelical Nernstian
response can be checked down to very low sodium ion leve Is
by using small increments in conjunction with larger incre­
menIs. Details of Ihe calibration technique have been de­
scribed (5, 6). Although that method of calibration adds
greatly to overall measurement confidence, the improvements
in elL'Ctrode reliability and sensitivily arc aUributable 10 other
faclors.

The purpose of the present paper is to describe laboralory
studies that elucidate the fundamentals involved and to ex­
plain preferred operating conditions. Early sections of the
paper deal with problems of hydrogen ion and base ion in­
terference; the later sections discuss instrumental considera·
lions, includina equipment design factors and other conditions
that lead to good performance.

HYDROGEN-ION. BASE-ION INTERFERENCE
Glass eleclrodes are not perfect sensors for sodium ion

measurement and, dependina on selectivity considerations,
may respond to other ions present in the sample water (/).

(4) H. M. Webber and A. L. Wilson, AnoIySl, 94, 209 (1969).
(5) E. L. Eckfeldl, W. E. Proclor, Jr., W. D. Howie, and W. A.

La_, Proc. 29lh /nl". Waf" Con/., Enainecrs Society of
Western Pennsylvania, Pittsbursh, November 19-21, 1968, P 109.

(6) E. L. Eckfeldt,lSA Trans., 9,37 (1970).



Some of the substances commonly present in power plant
sample water might be expected to exert little or no inter­
ference effect, and this has been confirmed by experimental
evidence (see the father extensive studies of interferences fe.
ported in References 4 and 5). Electrode theory indicates,
however, that monovalent cations might be troublesome (I),
and certain important ones have heretofore been overlooked.

For low level sodium ion measurement, sample pH must be
raised by addition of a base, as already noted, to avoid hy­
drogen ion interference. A satisfactory value for the ratio of
H+ to Na+ is often quoted at 10-', and even 10-' has been
advocated (7).

Not generally appreciated is the interfering effect arising
from the cation that comes from the base agent used to raise
pH. If a hydrolyzable base, B, is added to water, it reacts to
produce hydroxyl ion:

KB
B + HOH ~ BHOH ........ BH+ OH- (I)

For every hydroxyl ion produced, a corresponding base cat·
ion, BH+, is generated. The situation may be even worse
if the sample water initially contains some acid, such as Hel.
With a sample of this kind, a reaction of the base with the
acid must first take place, as follows, before Reaction I can
occur:

(2)

In this case a surplus of base cations over hydroxyl ions will
result. In any casc n rather high base calion activity will
exist in the sample solution at the high pH value needed for
low-level sodium ion measurement. Whether or not this
constituent will interfere will depend on its activity level and
on the selcctivity characteristics of the electrode.

Eisenman (I) has described the response of cation·scnsitivc
electrodes to ammonium ion, as well as to a number of sub­
stituted ammonium ions. Rechnitz and coworkers investi­
gated the response of a general cation-sensitive electrode to
ammonium ion (8) and to various alkyl·substitutcd ammo­
nium ions (9). They used neutralized hydrochloride salts
in a THAM buffer for their measurements. The cations pres­
ent were the same as those which would have been formed at
lower concentration by adding the corresponding bases to
water. They found that the electrode did respond to ammo­
nium ion and several alkyl-substituted ammonium ions.

These observations do not pertain directly to the problem
of sodium ion measurement, because for sodium ion measure­
ment one would normally choose an electrode that had good
selectivity for sodium, rather than one of general cation re·
sponse. Also, the solution conditions were quite different.
Nevertheless, it was clear that the base cation interference
must be considered, and experimental evidence in the labom­
tory and field has amply confirmed this view.

EXPERIMEl'oTAL

Substances of moderate price which would produce strongly
basic aqueous solutions were sought. A number of organic
amines appeared quite suitable for the purpose and certain
of these were studied experimentally. These substances were
added in gaseous or vapor form, thereby forestalling possible
contamination from dissolved sodium compounds 8S might
occur if the base were added directly in liquid form. Ex-

(7) M. Hanss, M. de Hcaulme, and P. Morin, Bull. Soc. Chim.
Fraltce, 1963, 2658.

(8) S. A. Katz and G. A. Rechni,l, Z. AI/al. Chem., 196, 248
(1963).

(9) G. A. Rechnitzand G. Kugler, ibid., 210,174 (1965).

Figure 1. Experimental arrangement

perimentation focused attention on the base cation effect,
but hydrogen ion was not overlooked. Special efforts were
exerted to keep sodium in the reagent water at the lowest
possible level in order to avoid its effect.

The equipment is illustrated in Figure I. The vessels and
lines were of polyethylene construction throughout, and the
interior of the system was kept closed from the ambient. The
Row cell K contained the sodium ion sensor M (LN 117,201
glass electrode). The lithium alumino silicate gIass of the
electrode bulb was especially developed for the purpose.
This electrode has good selectivity for sodium ion and will
give many months of satisfactory field service with lillie or
no maintenance. The reference electrode L of saturated
calomel type had a fused-in porous ceramic junction and was
internally pressurized through line N by means of air pressure
kept at 5 Ib/io'. The range resistor was selected to provide
500 mV full scale on a Speedomax G recorder readout device.
In most of the work the zero adjuster of the pH meter was set
to give a recorder scale of +50 to -450 mY.

The chemical bases studied were used as received from sup­
pliers. Matheson Company supplied the gaseous bases in
pressurized cylinders, monomethylamine (98.07'>, mono­
ethylamine (98.5 %), dimethylamine (99.07'>, and trimethyl­
amine (99.0%). Pennsalt Chemicals supplied anhydrous
ammonia. Liquid bases in the laboratory work were sup­
plied as follows: Eastman Organic Chemicals, 1396 diiso­
propylamine, 616 triethylamine, and P6760 N-methybnor­
pholine; Fisher Scientific Company, D-46 diethylamine.
In the field work the liquid bases (diethylamine and diisopro­
pylamine) were the usual commercial grade supplied by Union
Carbide Chemicals in 5-gal containers; the dimethylamine
was the same as in the laboratory work.

Reagent water was prepared by starting with distilled and
deionized water in the elevated 5-gal bottle A (Figure I).
Th. water was passed in series through the ion exchange
columns C and D and into the 5-gal bottle E. Next, the
water completely filled the mixing flask F and flowed through
tube H back into bottle A, which was now located in the
indicated lower position. The water was circulated at least
twice through the ion exchangers in this manner before being
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Figure Z, Electrode .....poase to \'8I'IOUI callons

RESULTS AND DISCUSSION

Results of Tests. Response characteristics of the electrode
are summarized in Figures 2 and 3. Electrode polential
values arc referred to the saturated calomel electrode through­
out and the IUPAC sign convention is used. Figure 2
portrays the electrode response situation in general and will
help to explain the nature of the interference problem and
what can be done to achieve low level sodium ion measure·
menl. The approximate way in which the electrode responds
in the presence of each of a number of different bases is shown
in Figure 3, and this information will be helpful in choosing a
suitable base.

DiIcuaIoa of AmIae Tests. In all but the lests specifically
on sodium solutions, Ihe experimental precautions precluded
sodium ion as a factor except for the unavoidable low back­
ground level. A background of 0.1 ppb corresponds to a
voltage somewhat more negative than -0.400 volt. The
voltage value corresponding to dotted line A of Figure 2
serves to represent a postulated low concentration of sodium
ion which one may wish to measure.

Since the electrode is more responsive to hydrogen ions
than to sodium ions, the hydrogen ion content of even a rather
high pH sample solution may introduce interference. The
dOlled line C of Figure 2 (relating to the pH abscissa) was
arbilrarily drawn to represenl hypothelical response to hy­
drogen ion concentralion, which at each voltage point is

with the /low of nitrosen enterinB Oask F. In the case of
liquid bases, transport system II was used; lhe base was put
inlo vessel T and nitrogen /low through tubes V, W, and S
carried vapor of the base into llask F. The hot water bath
U accelerated the rate of transport of base. Nitrogen gas
flow promoted mixing in flask F and prevented backflow inlo
tube S. The ion concentrations of individual batches of base
in water thus prepared were determined after passing the
solution through the measurement cell K by measuring the
pH of the effluent al P. For electrode measurements, solu­
tions flowed at a rate of about 100 ml/min and were at room
temperature (approximately 25°C).

Higher concentrations of base cation. between 0.1 and 1.0
molar, were prepared by a somewhat different procedure, also
designed to avoid contamination from sodium ion. Multi­
ply-deionized, distilled water contained in a 5-gal polyethylenc
bottle was acidified by passing HCl cylinder gas over the
surface of the water, while keeping the water briskly stirred
wilh a magnetic slirrer. A portion of the hydrOChloric acid
solution thus prepared was run inlo flask F, where it was
treated with excess base, by means of transporl system I or II
until its pH was in excess of 10.5. Small samples were with­
drawn to carry out the pH tesl. Also, samples of the original
HCI solution were withdrawn for titration with standardized
base in order to determine the HCI concentration and, there­
fore. the approximate base cation concentration in the respec·
tive final solutions. The base cation solutions thus prepared
were passed in turn through the cell for electrode measure­
ment, but in each instance enough solution was retained in
flask Flo allow making up a quantitatively diluted solution,
using deionized water. The diluted solutions were likewise
submilled to elc'Ctrode measurement.

Additionally, electrode response measurements were made
on several solutions ofsodium chloride and potassium chloride
which had been rendered basic with amine. Response to
hydrogen ion was obtained on solutions of measured pH
containing ammonium chloride and differenl amounts of
acetic acid. To check calibration stability of the electrode,
voltage measurements were made at the beginning and/or
end of each working period using a basic 0.075M sodium
chloride solution.
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retained in boltle E. preparatory to making tesl solutions.
lbe treatmellt rinsed the system and lowered the sodium con­
tenl ofthe water to the vicinily of0.1 ppb.

In p~paring a base solution, a portion of the water in E
was run into the fIasIc F. A IIow of cylinder nitrogen IlllS en­
tered throuab tube R and passed into fIasIc F (transport
system I). Gaseous base entered throuab tube Q and mixed
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1/100 Ihal of Ihe competitive sodium ion concentration de­
termined by extrapolation ofthe theoretical sodium ion line.

Although actual slope values are in some disagreement, the
right-hand branches of the diisopropylamine and ammonia
curves of Figure 2 nevertheless correlated with the hypotheti­
cal hydrogen response line C. The experimental results of
Figure 3 substantiate the existence of a region of hydrogen
ion dominance-namely, on the right-hand side where a
number of the curves with upward slope lie nearly on top of
each other.

The dOlled line C lies a short distance from Ihe hydrogen
ion-dominated portion of the experimental curves. For
satisfactory sodium ion measurement, one needs a hydrogen­
to-sodium ion ratio closer to 1/1000 than to the 1/100 used
in ploning line C.

These results demonstrate that solution pH is an important
factor, if really low level sodium ion measurement is to be
achieved. Solution pH must be elevated into the region of
pH 11.0 to 12.2. The 117,201 electrode satisfactorily with­
stands protracted exposure to such strongly basic solution.

In general each base of Figure 3 produces a unique curve.
The differences presumably arise from individuality of the
respective base cations. The straight line portion of the
ammonia line, with a nearly theoretical Nernstian slope,
definitely demonstrates an ammonium ion response of the
ek-ctrodc. Although exhibiting more random behavior,
the curves for the other bases nevertheless indicate correspond­
ing base cation response.

The dotted line B has been arbitrarily inserted in Figure 2
to illustrate the hypothetical base cation effect. The line has
Ncrnstinn slope and is placed close to the cation response
branch of the diisopropylamine curve. If the intersection of
the hypothetical dOlled lines Band C lies below the postulated
sodium ion line A. then sample conditions can theoreticaUy
be found to enable measurement of that presumed sodium
ion concentration. On the other hand, if the sodium ion
concentration lies below the intersection point, then coodi·
tions satisfactory for the measurement will theoretically not
be attainable. As Figure 3 shows, the selection of the parlic­
ular compound to be used as base reagent will markedly
influence the posilion of lhe declrode response line arising
from the base cation, and hence along with the pH factor will
determine the lowest sodium ion level that can be measured.
Inlersection of line C Wilh an extrapolated ammoniwn line,
for example, will take place at a much higher level than that
obtained by extrapolating the cation branch of the diisopropyl
line. This explains why diisopropylamine has proved in
practice to be an efficient base for low level sodium ion mea­
surement. The other bases tested (Figure 3) show cation
response lines at somewhat less negative voltages than the
djjsopropylamine curve and hence mighl be expected to be
inferior base agents. The difference. however, in the case of
dimethylamine is not great.

Sodium ion measuremenlS were made in the field on a series
of sample solutions, each of which was separately tested with
diisopropylamine and dimethylamine. The results are sum­
marized in Figure 4. At low sodium ion levels an appreciable
difference exists in the performance of the two bases, which
disappears at concentrations above I ppb. These tests like­
wise show the superiority of diisopropylamine for making
very low sodium ion measurements.

Individuality in behavior of the various bases undoubtedly
is related to differences in molecular properties. In the study
of alkyl-substituted ammonium ions referred to earlier (9),
cation size was considered the important factor-the larger

IO'r-----r----.....,----~

,.0

z

;
>.e

Figure 4. Comparative IJIelISIII"CIDe with di­
melbylamlne and diisopropyIamiDe 011 COIIUIIOII
samples

the cation, the less its effect in producing an electrode re­
sponse. Recently, Rechnitz has suggested that adsorption
phenomena may be more important than size (10). Although
some exceptions may be noted, the present study nevertheless
confirms the merit of having a base cation of large size (a
base of large molecular weight) to avoid interference in low
level sodium ion measurement.

Matheson Company has furnished analytical information
on the identily and approximate concentration of impurities
typically present in their amines (II). They give the ammonia
impurity in respective bases as follows: methylamine, 0.0%;
ethylamine, 0.6%; dimethylamine, 0.0%; trimethylamine,
0.0%. The appreciable amount of ammonia in ethylamine,
contrasted with its indicated absence in the three other amines,
may account for the poor showing of ethylamine in the pres­
ent study. In the absence of ammonia impurity, the ethyl­
amine curve G might have appeared lower on Ihe graph,
possibly below the methylamine curve F, in which case its
position would have agreed with Ihe cation size principle.
No special attempt was made in the study to purify the bases
(gas or liquid) prior to testing. Although a preliminary puri.
fication step would not be acceptable in practical situations,
the manner of introducing the bases in practice (5), partic­
ularly in the case of liquids, should result in progressive puri­
fication of the supply through fractional distillation of the
more volatile ammonia impurity.

It should be noted that electrode response to low-level
hydrogen ion and cations of the organic amines studied was
somewhat less definite and less reproducible than in the case of
the ammonium, potassium. and sodium ions. The electrode
takes time to equilibrate. Also, the undissociated base
molecules mayor may not exert a complicating influence.
Furthermore, some of the observed cwvature and non·
Nemstian character of the data may be attributable to mixed
response of the electrode, which is trying to adjust its potential,
for example, to the competing inlluences of sodium ion (line
A), base cation (line B), and hydrogen ion (line C). Other
work has shown satisfactory electrode response to changes in

(to) G. A. Rcchnitz, discussion following presentation of the
present paper at the Pittsburgh Conference, Cleveland, Ohio,
March 5, 1970.

(II) Matheson Gas Products, East Rutherford, N. J., Data Sheets
on monomethylamine, dimethylamine, trimethylamine, and
monoetbylamine, communication received May S, 1970.
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Table I. Value of Dissociation <:onstanl and Consumption of Base

Quantiti~ calculated at solution pH of t 1.3
.-j->Cg,.l.'t' -0(--·- ~.- Grams of P;';unds or
l1issocUllion Solution base per base used

of base molarity liter per month"

0.0012 1.64 143 1360
0.008" 0.23 3.9 37
0.027 0.075 4.4 42
0.21 0.0097 0.44 4.3
0.36 0.0056 0.57 5.4

Dissociation
BaSt: constant, 25 °C

reagent (X 10') Mol ~1

MorphoJine 0.244' 87. I
Ammonia I.79< 17.0
Trimethylamine 5.45' 59. 1
Dimethylamine 52' 45. I
Diisopropylamine 112' 101 .2

• At assumed sample flow rate of Joo m1 per min (1.6 gal per hour).
'A. R. Ingram and W. F. Luder. J. AmC'. CII"",. S.c., 64. 3043 (1942).
• H. S. Harned and B. B. Owen. ibid.• 52, 5079 (1930).
• N. F. Hall and M. R. Sprinkle, Ibid., 54, 3469 (1932).

-0.';'0 - I ....M~"'ONIA ADDED TO VlAT£R
For these bases, only a relatively small amount of each com­
pound is nceded to reach the sIX'Cified pH, thus making thesL'
compounds economical to usc as base reagents.

As pointed out previously, ammonium ion is an inll'c­
fercncc in measuring sodium at low levels. Aml11unium ion
oflen is present in process sample water, and its concentration
may be several orders of magnitude higher than that of the
sodium ion to be measured. A high hydroxyl ion concen­
tration, resulLing frolll the usc of a strong base n..'agcnt, will
substantially remove ammonium ion from the solution.
making it go into the form of undissociated ammonium hy­
droxide. Calculation indicates that of the total ammonium
(NH ,+ and NH .OH) presenl in a solution of pH 10.5, only
about 6% will be in the ionized form. At 11.0, the ionized
fraction drops to about 2 %, while at pH 11.5 the ionization
fUrlher diminishes to about 0.6% (/2). Experimenlal evi­
dence of the beneficial elTect of the strong base diisopropyl­
amine in suppressing ammonium ion concentration is shown
in Figure 5.

I'REFERRElJ OI'ERATlNG CONlJITIONS

Sl.'vcral factors in addition to the choice of base reagent arc
important in aChieving good performance. Some of thesc
arc related directly or indirectly to the flow of sample solution.

Cell. In a flow cell of conventional typc, we have observed
interference arising from potassium ion corning from the
reference clL-ctrode, even though the reference electrodc was
located downstream from the sensor electrode. The ex­
planation appears to be turbulence generated in the flowing
sample stream by electrodes that arc mounted at right angll.'s
to the flow path. The turbulence causes some regions of the
flowing solution to move in a direction opposite to the nomi­
nal flow direction. If potassium chloride solution leaking
from the reference junction is caught in one of these eddies,
it may be carried upstream to the bulb of the sodium elec­
trode, where it can genc:ratc: a significant interference volLagc
ofa sporadic or cyclic nature.

This type of potassium ion interference was eliminated by
using the cell illustrated in Figure 6. Sample waler enters
pipe A al the bottom of the sodium electrode compartment,
promptly contacts the sensor bulb, and rises through the
annular space surrounding the eh..-ctrode stem. At the cross­
aperture B the solution flows into the reference electrode
compartmenl and descends to the bottom of the annular
space, where it contacts the junction of the reference elec­
trode. The solution then passes into the temperature com­
pensator compartment, where it rises through the annular

(12) D. S. McKinney, ASTM Proc., 41,1285 (194t).

II

pH

10

II OIISOPROPYLAMIN[ AOlXO
TO AN AMMONIA SOLUTION,
SOLUTION A

sodium ion concentration at low levels, when pH and the
amine concentration arc kept constant (5).

Ad....ntages of a Strong Base. A large dissociation con­
stant of the base reagent ~II be helpful in producing the
desired high pH of Ihe sample solution. A grealer degree of
dissociation results from n constnnt of larger value. The
situation is iIIuslraled by Ihe approximale dala of Table I.
These dala were calculated assuming Ihat the listed base
rcagcnt!t were added to. water in cuch case in amounts 10 pro­
duce a solution pH of 11.3, an arbitrary value wilhin Ihe
recommended pH range. Bases at the bollom of lhe
table with large dissociation consUmls exhibit a much greater
degree of dissocialion than the bases at Ihe top of the table.
Accordingly, as the table shows, a much lower solution
molarilY is nl..,ded to produce the sp<'Cified pH. Needed
amounts of base exprl'SSCd on a weighl basis will renect Ihe
molecular weight, but this factor is not as imporlant as the
dissociation consuiot.

The last column of Table I prescnts base consumption rates
for a sample now rate thai might be rc;asonably established in
praclice. The amount of morpholine needed to keep equip­
ment running is prohibitively large, Ihusruling out the use of
this base and any olher base with a correspondingly low dis­
sociation constant. If ammonia were not excluded for other
reasons, its dissociation cOnSlant might be regarded as suf­
ficiently large to make this a practical base, especially in view
of ils low molecular weight. To avoid base calion inter­
ference, as previously described, a base of larger mok'Cular
weight is needed and a dissociation constant larger than Ihat
of ammonia will be desirable. The conSlant for trimethyl­
amine (S X 10-') mighl be regarded as minimal. The ad­
vantage of using a much stronger base is illustrated by the
tabulated data for dimelhylamine and diisopropylamine.

Figure 5. Ammonium ion suppression b)' addition
of diisopropylamine
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Figure 7. liquid jlD1etion effect on output
record
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reference electrode tube is preferred. The porosity is chosen
to give a solulion flow under operating pressure of about 2
ml per day. At Ihis flow rale, a 5llO-rnJ supply of solution
will last in the field more than 6 months before needing re­
plenishment. With the junction described, very satisfactory
field performance was observed over a period of many months.
The trace shown at D, Figure 7, is typical of the entire period.
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space and discharges from oullet C. (In the present study,
a thermometer replaced the temperature compensator shown.)
It will be noted that the advancing flow of solution through
the nonturbulent annular spaces adjacent to the electrodes
will prevent the backward passage of potassium chloride
solution. The more dense potassium chloride solution will
not flow upward against the current and is carried away with
the discharge.

When solution flows through the cell, its level is determined
by the height of oullet C, thereby assuring sullicient liquid in
aperture B to maintain satisfactory electrical conductance
between the electrodes. If the sample flow stops, as some­
times happens in plant practice, the solution in the reference
electrode compartment leaks through the small opening D,
until the level drops to that point. When this happens, the
tips of both elcctrodes remain immersed in solution, but solu­
tion continuity between them is broken. Consequently,
potassium chloride from the reference electrode cannot reach
th.e sodium electrode, as it otherwise could by diffusion through
the quiescent solution bridging between them. This fea­
ture of the cell provided automatic indication of down time,
because with the metcr used, the indication went off scale
when the solution circuit opened. Furthermore, reliable
measurement begins immediately when sample flow resumes,
because the electrode is already adjusted to sample conditions
and does not need time to dispel the effect of potassium ions.
A calomel rather than a silver reference electrode is used to
avoid any possibility of intcrfcrcnce from silver ion.

The clectrolytic conductivity of the amine·trcated sample
water is relatively high. Therefore, no trouble was en·
countered with streaming potential effects, which probably
would be encountered with this cell in measuring pH of high
purity water.

Liquid Junction. In sodium ion measurement, the liquid
junction can be a source of serious trouble unless this item is
properly designed and operated. The high pH of the sample
solution, combined with flow-induced head fluctuations that
result in transport variations of potassium chloride - away
from the junction, can make a poor junction produce electrical
noise. Many of the erratic electrode flow effects in pH and
specific ion measuremcnts reported from thc field arc un·
doubtedly related to faulty liquid junctions. Bad conditions
are illustrated at A, B, and C of Figure 7. These are
traces of actual sodium ion chart records. As shown, a
poor junction can cause cxcursions of the trace of 5 or 10 mV
or morc, occurring sporadically or in rapid succcssion. The
seriousncss of an erratic junction is illustrated by scale E.
which indicates the percentage error introduced into the mea·
surement by excursions in traces A, B, and C.

Two factors were found to be important in greatly improv­
ing the operation of the liquid junction. The solution pres·
sure difference across the junction should be much greater
than that usually employed. Instead of the usual 5- or 10­
cm head differential, the head difference should be approxi­
mately 300 em. Since it was inconvenient to elevate the
reference solution reservoir this much, the desired condition
was achieved by applying 5 Ibjin.· gas pressure to the res­
ervoir, using a cylinder of compressed inert gas, equipped
with a regulator selalthe desired pressure.

The other important factor is the construction of the junc.
tion itself. A small porous plug of ceramic sealed into the
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Spectrophotometric Assay of Ampicillin (a-Aminobenzylpenicillin)
Involving Initial Benzoylation of the Side Chain a-Amino Group

David E. TuttI and Michael A. Schwartz'
Department ofPharmaceutics, School of Pharmacy, State UnicersilY of New York at Buffalo, Buffalo, N. Y. /42/4

The rate of formation of a·aminobenzyipeniclllenic
acid, 2, from ampicillin (aooaminobenzyipenlclllln, 1)
under strongly acidic conditions In the presence of
mercuric chloride at 50'C Is very slow owing to stabili­
zation of the penicillin by the side chain a·amlno group.
Consequently, ampicillin may not be readily assayed
spectrophotometrically under these conditions. How·
ever, treatment of an aqueous solution of sodium
ampicillin with benzoyl chloride In dioxane under
mildly alkaline conditions produces a new, acld·un·
stable penicillin, a·benzamidobenzyipenlcillin, 3, which
on treatment with mercuric chloride In acid solution
rearranges rapidly to form aoobenzamldobenzylpenl·
clllenic acid, 4, which may be assayed spectrophoto­
metrically at 322 nm after only 48 minutes. Optimum
conditions are reported for the benzoylatlon procedure
and the subsequent spectrophotometric analysis.
The overall assay, which may be used for concentra­
tions as low as 4 X 10-<.41 ampicillin, Is shown to be very
reproducible and to yield accurate results for the rate
of alkaline hydrolysis of ampicillin when compared to
a tltrimetrlc method. A novel use for this assay Is sug·
gested, involving analysis of mixtures of ampicillin and
other penicillins.

SEVERAL PROCEDURES have been described for the assay of
penicillins, involving either of two general chemical modifiea·
lions of the penicillin nucleus. Initiol nucleophilic cleavage
of the 13-laetam of penicillins under alkaline conditions Is the
basis of titrimetric (I), iodometrie (I). and hydroxamic acid (2)
assays. Treatment of penicillin under acidic conditions
(pH 1-5) in the prescnce of heavy metal ions (mercuric or
cupric) produces the corresponding penicillenic acid (3, 4)
which contains a chromophore (oxazolone) with an absorption
maximum at 320-360 nm, depending on the side chain. Since
intact penicillin is required for oxazolone formation and the
presence of penlcilloyl derivatives does not interfere with the
procedure, the peniclllenic acid assay is specific for penicillin
aod has been used extensively for the spectrometric analysis of
penicillins. The method described originally by Herriott (5)
involved treatment of penicillin solutions at pH 4.6 and 100 'C.
This was modified by Brandriss and coworkers (3) for analysis
of aqueous and protein-containing solutions of penicillins at
ambient temperature using mercuric chloride and pH 1-3.

The procedure described by Brandriss et al. has been used
extensively in our iaboratory for analysis of aqueous solutions
of a variety of penicillins. However, acid-stable penicillins,
such as ampicillin (a-aminobenzylpenicillin, 1), cannot be

1 Present address, Dept. of Chemistry•. University of Sussex,
Sussex, England. .

, To whom correspondence should be addressed.

(I) 1. V. SCudi and H. B. Woodruff, "The Chemistry of Penicillin,"
H. T. Clarke, 1. R. lohnson, and R. Robinson, Ed., Princeton
University Press, Princeton, N.l" 1949, p 1025.

(2) 1. H. Ford, IND. ENe. CIt....., ANAL. Eo., 19, 1004 (1947).
(3) M. W. Brandriss, E. L. Denny, M. A. Huber, and H. G. Stein­

man, "Antimicrobial Agents, and Chemotherapy-I 962,"
American Society fo< Microbiology, Ann Arbor, Mich., p 626.

(4) A. Holbrook, J. Pharm. Pharmacol, 10, 762 (1958).
(5) R. M. Herriott';. Bioi. ChLm., 164, 725 (1946).
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analyzed readily by this method since the rate of formation of
pcnicillcnic acid, 2, is extremely slow at ambient temperature.
Smith and coworkers (6) used a modification (7) of the original
assay proc<..'durc, in which solutions of sodium ampicillin. 1,
containing copper sulfate were heated at 75 'C and pH 5.2
for 30 minutes. Attempts to usc their procedure in our
laboratory for the assay of ampicillin in kinetic rcaction solu­
tions yielded unsatisfactory results, and another assay pro­
cedure was sought.

It has been recognizL-d (8) thatlhe nature of the side chain is
important in determining acid stability of penicillins. Thus,
a-mcthoxy, a-chloro-, and a-aminobcnzylpcnicillin arc in­
creasingly more acid-slable than benzylpenicillin (9), and this
effect has been rationalized in terms of the inductive effect of
the a-substituent decreasing the nucleophilicity of the side
chain amide carbonyl oxygen, which is involved in oX8zoionc
formalion. It seemed likely that removal of this inductive
effect by suitable chemical modification of the side chain amino
group would yield a new, acid-unslable penicillin which could
be assayed readily at low pH. One possible procedure in­
volves bcnzoylation of the amino group under very mildly
alkaline conditions (ca. pH 9) using benzoyl chloride 10 give
a-benzamidobenzylpenicillin, 3. (A review points out that
although it is reasonable to assume that only benzoylation
is taking place we have not isolaled and identified the reac­
tion producl.) Under such conditions, alkaline hydrolysis of
the 13-lactam would be negligible, although benzoylation would
be fairly rapid.

We now describe nn analytical procedure for ampicillin
involving initial benzoylation of the side chain amino group
and subsequent spectrophotometric assay for penicillin of the
resulting solution using a modification of the method of
Brandrlss and coworkcrs (3).

EXPERIMENTAL

Materials. Sodium ampicillin was provided by Bristol
Laboratories. Benzoyl chloride was purified by distillation
[IiI. (10) bp 197 'C at 760 mm Hg]. Commercially available
95% ethanol, n·propanol, and 1,4-dioxane were used without
funher purification. Waler was deionized and distilled under
nitrogen in all-glass apparatus.

Benzoylation Procedure. One milliliter of a solution of
benzoyi chloride in dioxane was added from a syringe to 40
ml of the appropriate solution of sodium ampicillin in water
at pH 9.0 stirred in a reaction cell thermostated at 31.5 °C.
pH was maintained at 9.0 ± 0.5 during this procedure by the
addition of titrant (LON NaOH) by the pH-stal. The mixture

(6) J. W. G. Smith, G. E. DeGrey, and V.I. Palel, Allalyst (LoII­
dan), 92, 247 (1967).

(7) F. G. Slock, ibid.. 79, 662 (1954), and referenee (5).
(8) F. P. Doyle and J. H. C. Nayler, "Advances in Drug Research,"

Vol. I, N. J. Harper and A. B. Simmonds, Ed., Academic Press,
London, England, 1964. p 26.

(9) F. P. Doyle, 1. H. C. Nayler, H. Smilh. and E. R. Stove, Nature,
191, 1091 (1961).

(10) "Dictionary of Organic Compounds," Vol. I, I. Heilbron, A.
H. Cook, H. M. Bunbury. and D. H. Hey, Ed., Eyre and Spot­
tiswoode Ltd., London, England, 4th cd., 1965, p 358.
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Figure I. Absorption spectra showing formation of a­
benzsmidobenzyl·peoiclJlenic acid after addition of ex­
cess benzoyl chloride and acid treatment
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Figure 2. Ell'eet of pH on time coune of a-beazamldo­
beozylpeoicWenic acid in presence of mercuric chloride
at 50 °C in 19%aqueous ethanol

assay of the solution under the same conditions revealed the
much slower development of a chromophore (corresponding
to 2) in the region 320-330 nm. The absorbance of this
solution was only O.OS at 322 nm after 54 minutes and was
still rising after 7 hr (A = 0.34 at 322 nm). It should be
emphasized that, since the penicWenie acid (2 or 4) is an
intermediate in a series first-order reaction, only the maximum
absorbance of the ehromophore corresponding to the inter­
mediate (2 or 4) is proportional to the initial concentration
of penicillin (1 or 3, respectively) assayed by this method

Preliminary Iavestigatlon. A solution of sodium ampicillin
(40 ml, 2.0 X Io-'M) was treated with a solution of benzoyl
chloride in dioxane (I ml,0.80M; concentration after dilution
with ampicillin solution, 20 X Io-'M) under the reaction
conditions described in the Experimental section. An aliquot
of this solution was assayed spectrophotometrically for pen­
icillin. The presence of a new, acid-unstable penicillin was
revealed by the development of a ehromophore in the region
320-330 nm [characteristic ofan oxazolone structure (3) which
attained a maximum absorbance of 0.7 at 322 om after 50
minutes under the assay conditions (See Experimental sec­
tion)]. In contrast, treatment of a solution of sodium ampi­
cillin with dioxane alone and subsequent spectrophotometric

was stirred for a further period at pH 9.0 and 31.S ·C until
liberation of benzoic acid in the system was complete (de­
termined by the addition of titrant). It was important to
maintain rapid mixing throughout this procedure because
addition of dioxane solution to the aqueous solution of
ampicillin produced a dispersion of fine droplets of benzoyl
chloride which dissolved completely within about S minutes.
An aliquot of the reaction solution was then removed and
analyzed for penicillin (a-benzamidobenzylpenicillin, 3) by
the method of Brandriss and coworkers (3). The appropriate
concentrations of benzoyl chloride (0.80M) and ampicillin
(2.0 X IO-'M) solutions, the rate of addition of benzoyl chlo­
ride (I ml, 0.5 ml/min), and time of mixing of the reaction
solution (12 min) were kept constant except in studies to
determine a particular effcct upon the maximum absorbance
(Am..) in the penicillenic acid assay. The absorbance values
reported have been corrected for the effect of dilution of the
initial ampicillin solution by the dioxane and titrant except
the spectra in Figure I and curves in Figure 2.

Assay for Penicillin. The basic procedures for this assay
have been described previously (3), and only the specific con­
ditions employed for the spectrophotometric assay for a­
bcnzamidobenzylpenicillin are given here. An aliquot of the
benzoylated ampicillin solution was diluted (2a-fold) with
the appropriate buffer solution preequilibrated at 50 ·C and
assayed spectrophotometrically by conversion of the a­
benzamidobenzylpenicillin to the corresponding penicillenic
acid in the presence of mercuric chloride at pH 1.8 (pre­
liminary investigation), pH 0.9-2.3 (assay pH dependence),
and pH 1.71 ± 0.03 (all other studies) in 19% ethanol-water
at 50°C. A glycine-hydrochloric acid buffer (0.2M) was used
for pH 2.3 and hydrochloric acid was used for pH 0.9-2.0.

Apparatus. A Radiometer pH-stat system, consisting of a
TIT-Ic pH-stat, SBR 2c titrigraph, and SBU Ic syringe buret
filled with a jacketed reaction cell, was used for maintenance
of pH during benzoylation of ampicillin, for measurement of
pH at 31.5 °C, and for maintenance and measurement of pH
at31.9 °C in a study to compare the benzoylationassay proce­
dure with a titrimetric method used to obtai n kinetic data for
alkaline hydrolysis of ampicillin. Ultraviolet spectrometric
measurements were made using a Bcckman-Gilford recording
quartz spectrophotometer filled with a thermostated block
(50°C) and a Beckman DB-G double-beam spectrophotom­
eter filled with a Sargent SR recorder. Since the DB-G
spectrophotometer was not equipped with a thermostated
block, the absorption spectra shown in Figure I were obtained
by transferring an aliquot of penicillin assay solution (stored
at SO 0c) to a silica cell and immediately measuring the ab­
sorption spectrum in the region 290-355 nm. Fresh aliquots
were taken for each spectrum recorded. Stoppered silica
cells (I cm) were used for all spectral measurements. A
Radiometer pH meter 26 was used for measurement of pH
values of assay solutions at 50 cC. Constant temperatures
(31.5 ± 0.1, 31.9 ± 0.1, or 50 ± 0.5 0c) were maintained
using Bronwill circulating water pumps.

RESULTS
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mined by Ihe solubility of4). The variation of absorbance as
a function of wavelength in the region 280-360 nm for a
benzoylated solution ofampicillin (assayed at pH 1.74) showed
an absorption maximum at 322 nm after about 48 minutes
(Figure I). The curves in Figure 1 represent the experimen­
tally measured spectra of the assay solution during Ihe forma­
tion of a-benzamidobenzylpenicillenic acid aftcr benzoyla­
tion with 1 ml of 0.80M benzoyl chloride and treatment at
pH I.S at 50 ·C.

Sodium ampicillin was treated with a constant molar excess
of benzoyl chloride (see Experimental section for conditions)
and the mixture was assayed for penicillin at a variety of pH.
The variation of absorbance at 322 nm as a function of time
for pH 0.9-2.3 is shown in Figure 2. The choice of a suitable
pH value for the penicillin assay rests on three considerations:
the time (I••J taken to attain maximum absorbance, thc
absorbance (A...) at 1_., and the period of timc (al) durins
which A_. is maintained. Using thesc criteria ca. pH 1.7
was considered suitable (1_. = 4S min, A_. = 0.7, and
al - 9 min) for the a-benzamidobenzylpenicillin assay. The
effcct of variation of mercuric chloridc concentration upon
A_. was constant (0.715 ± 0.005) within the reproducibility
of the overaU procedure for the range 4.0-12.1 X to- 1M
HgCl" and as a result, a constant concentration of mercuric
chloride (S.O X Io-'M) was used for subsequentassays.

Benzoylatloa Procedure. A solution of sodium ampicillin
in water was treated with increasing concentrations of benzoyl
chloride in dioxanc (J mI, 0-1.6M; G-4O X lo-'M after
addition to ampicillin solution under the benzoylation con­
ditions, see Experimental) and assayed spcetrophotometricaUy
at 322 nm in pH 1.7 buffer at 50 °C. Figure 3 shows the
variation of absorbance (A...) as a function of initial con­
centration of benzoyl chloride after addition to the ampicillin
solution. The full circles represent experimentally determined
absorbance (corrected for dilution of the benzoylation solution
by dioxane and titrant) and the intercept on the absorbance
axis (square) represents the absorbance measured at 322 nm
after 48 minutes (corresponding to I~ for the a-benzamido­
benzylpenicillin assay at pH 1.7) of a solution of sodium
ampicillin treated under the reaction conditions in the absence
of benzoyl chloride. An essentially constant absorbance was
observed for assay solutions which were treated with benzoyl
cbloride at iDitial concentrations (after addition to the aqueous
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(4, 1/). . Thus, a considerably 10nSer time would be required
to reach the maximum absorbance for a-aminobenzylpenicil­
lenic acid, 1, than for the benzoylated penicillenic acid, 4 (see
Scheme). Spectrometric analysis ofa sample of water treated
with benzoyl chloride under the reaction conditions showed a
nesJiaible absorbance at 322 nm even after 3 hr, demonstrating
that excess benzoic acid (formed by hydrolysis of benzoyl
chloride) does not interfere with the assay prooedure.
..~e COIlCIuded that sodium ampicillin, an acid·stable pen­
lallin, had been benzoylated under mildly alkaline conditions
to yield a.benzamidobenzylpenlcillin, 3, an acid.unstable
JlCII!"!llin,.whi~ was readily converted into the corresponding
penici1Ienic acid on treatment with acid (see Scheme). Sub­
sequeut in\'CSligatiODS~ concerned ·primarily with the
determination of a suitable solvent and the optimum pH and
wavelength for the penicilliD assay; and the optimum molar
excess and rate of addition of benzoyl chloride solution· and
time ofsamplillll from the benzoylatioD mixture. '

PIlIIdIIIa "-1. The method of Brandriss and coworkers
(1) was used to assay for a-benzamidobenzylpenicillin by its
conversion lO a.benzamidobenzylpeniciUenic acid. M sol.
Yent, 197. ethlmol-water was used rather than water (deter-

(11)· A. :A. FrOlt and R. G. Parson, MKinetics and Mec:banism " J
Wiley and SolJI, Itlc., NewYork, N. Y., 2nd ed., 1961, P 166.' .
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solution of ampiciUin) 7.4-10 times that of ampicillin (2.0 X
Io-'M) and, in subsequent procedures, a constant initial con­
centration of benzoyl chloride (20 X Io-'M) was employed.

Variation of the rate ofaddition of benzoyl chloride solution
(I ml, 0.1-1.0 m1fmin) to sodium ampicillin solution under the
reaction condition produced a negligible change in absorbance
(A_. = 0.716 ± 0.004) at 322 nm in the spectrophotometric
assay for penicillin. In subsequent assays, the benzoyl
chloride solution was added to the sodium ampicillin solution
during a period of2 min (0.5 m1jmin).

The addition of titrant (NaOH) was usually complete after
about 10 min, corresponding to complete hydrolysis of excess
benzoyl chloride. In experiments to investigate the effect of
the sampling time on A..s , aliquots were removed at sub­
sequent times (12-20 min after addition of benzoyl chloride)
and assayed spectrophotometrically at 322 nm. The results
indicated that A_. (0.716 ± 0.008) was independent of sam­
pling time within the period studied, and, for convenience,
aliquots were removed for assay 12 minutes after the addition
of benzoyl chloride.

In order to estimalc the reproducibility of thc overall
benzoylation and penicillin assay procedures, two series of
four solutions of sodium ampicillin (1.0 X Io-'M and 2.0 X
Io-'M) were benzoylated under optimum conditions and
assayed spectropholometrically at 322 nm. The absorbances
(Am..) for each scries of experiments (1.0 X IO-'M: A-.­
0.356 ± 0.005; 2.0 X 10-'M: Am.. = 0.715 ± 0.005) are
reported as mean ± standard deviation, and demonstrale Ihe
method to be very reproducible.

A series of sodium ampicillin solutions of increasing can..
ccolration I was benzoylated under optimum conditions and
assayed speelrophotometrically. The variation of Am.. as a
function of initial sodium ampicillin concentration is shown in
Figure 4, and demonstrates Ihal Beer's law is obeyed by
a·benzamidobenzylpeniciUenic acid in the concentration
range sludied.

Comparison wilh Tilrimelric Assay. A solution of sodium
ampicillin in water was lrc81cd under mHdly alkaline coodi·
tions (4.0 X IO- I M ampicillin, pH 10.66,1' = 0.2M, 31.9 .C)
and aliquots assayed periodically using the benzoylalion pro­
cedure and subsequent spectrophotometric analysis al pH 1.7.
The apparent first-order rale eonstanl for loss of penicillin
p-lactam (k... = 1.03 X 10-' min-I; k.../(OH-) - 12.7
I. mol-I min-I) was in agreemenl wilh the rate constanl for
formalion of penicilloic acid uoder the same conditions (k,..
= 1.10 X 10-' min-I; k,../(OH-) = 13.21. mol-I) measured
lilrimetrically by Ihe pH-stat system. Moreover, the second·
order rale constant for alkaline hydrolysis ofampicillin was in
good agreement with Ihe previously reported (12) rate constant
(k = 12.3 I. mol-' min-I) delermined titrimclrically at
31.5 ·C.

DISCUSSION

Treatment of a solution of sodium ampicillin under acidic
conditions (e.g., 1.0 X Io-'M ampicillin, 8.0 X 100'MHgCI"
pH 1.7, 50 ·C 19% elhanol-water) and spectrophotomelric
analysis al 322 nm using the melhod of Brandriss and co­
workers (3) revealed the slow development of a chromophore
(oxazolone) corresponding to a-aminobenzylpenicillenic acid
(A - 0.34 and rising after 7 hr). Since only the absorbance
(Am..) corresponding to Ihe maximum concentralion of

(12) R. D. Kingel and M. A. Schwartz, J. Pharm. Sci.. 58, 1102
(1969).
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peniciUenic acid is directly proportioned to Ihe initial con­
centralion of penicillin (3, I I), this method is unsatisfactory
for Ihe analysis of ampicillin and other acid-stable penicillins.
However, when a Solulion of benzoyl chloride in dioxane was
added to an aqueous solution of sodium ampicillin under very
mildly alkaline conditions (e.g., 2.0 X Io-'M ampicillin,
20 X Io-'M benzoyl chloride, pH 9.0, 31.5 .C) a new pen­
icillin, a-benzamidobenzylpenicillin was produced within
10 minutes. Spectropholometric observation of the resultant
solution under acidic conditions revealed the rapid formation
of a cbromophore (l\-. = 322 nm), corresponding to a­
benzamidobenzylpenicillenie acid, which attained a maximum
absorbance (A_. = 0.7) afler only 50 minutes. Thus,
benzoylalion of the side chain amino group of ampicillin,
which had conferred acid stability on the penicillin, afforded a
new, acid-unstable penicillin, (a.benzamidobenzy\penicil\in)
which could be assayed readily under acidic conditions.

The benzoylation procedure was shown 10 be insensitive to
large changes in either Ihe rale of addition of benzoyl cbloride
solution (0.1-1.0 m1jmin) to the ampicillin solution or the time
of sampling (12-20 min) for the spectrophotometric analysis.
An initial concentration of benzoyl chloride in the assay
solution of 7-10 times the initial concentration of ampicillin
(2.0 X Io-'M) produced Ihe highest A-. values (see Figure 3)
correspooding to Ihe maximum conversion of ampicillin to
a.benzamidobenzylpenicillin in Ihe benzoylation procedure.
The assay of ampicillin using this modified procedure was
shown 10 be very reproducible (±17'> and in good agreement
with Ihe titrimetric analysis for penicillin in the alkaline hy­
drolysis of ampicillin. Although ampicillin concentrations
as high as 2.0 X Io-'M were used to investigale the depen­
dence of A_. in the spectrophotometric assay upon the initia1
concentralion of ampicillin in Ihe benzoylation solution
(Beer's law, see Figure 4), solutions containing as low as
4 X Io-'M ampicillin may be assayed using the benzoylation
procedure by employing suitable variations in the experi­
mental conditions (spectrophotometer absorbance scale, assay
dilutions, cell path length). Thus, treatment of a solution of
ampicillin (4 X Io-'M) with a Io-fold molar excess of benzoyl
chloride at pH 9.0 and 31.5 ·C and subsequent spectrophoto­
metric analysis at 322 nm ofan aliquot of the reaction mixture
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(diluted S-fold with pH 1.7 hulTer containing HgCl, at SO 0c)
would produce an absorbance (Am.. = 0.06 after 48 minutes)
which could be measured accurately using the Beckman-Gil­
ford spectrophotometer.

Since benzoylation of the side chain amino group and sub­
sequent rearrangement of a.benzamidobenzylpenicillin to
form a-benzamidobenzylpenicillenic acid is specific for intact
ampicillin (6), the overall procedure could be employed for the
spectrophotometric assay of ampicillin both in kinetic re­
aClion solutions and presumably in solutions containing a
mixture of ampicillin and another penicillin. For example,
treatment of an aliquot of an aqueous solution of benzyl­
penicillin and ampicillin at pH 2.1 in water at ambient temper­
ature would yield benzylpenicillenic acid only after ca. 30
minutes (3) (measured spectrophotometrieally at 322 nm)
since the rate of degradation of ampicillin under such condi-

tions is negligible (9). Benzoylation of another aliquot of the
mixture and treatment of an aliquot of the resultant solution
at pH J. 7 and SO °C in 19 %ethanol-water would yield both
benzylpenicillenic acid and a-benzamidobenzylpenicillenic
acid (from ampicillin). However, an absorbance measured
at 322 nm after 48 minutes would correspond almost entirely to
a_benzamidobenzylpenicillenic acid since the benzylpenicil­
lenic would have decomposed completely under these condi­

tions.
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Application of a Computerized Electrochemical System to Pulse
Polarography at a Hanging Mercury Drop Electrode

H. E. Keller' and R. A. Osteryoung

Department of Chemistry, Colorado State University, ForI Collins, Colo. 80521

Application of computerized pulse polarography on a
hanging drop to analysis of extremely dilute solutions
is demonstrated. An approximate theory Is developed
which shows that for reversible systems functionally
Identical behavior can be expected on the dropping
and hanging drop mercury electrodes. A decrease in
sensitivity for Irreversible reactions would be observed
under otherwise identical conditions with the station·
ary electrode. Ensemble averaging and digital
smoothing are described and their effect on slgnal­
to-noise ratio Is demonstrated. Variations of pulse
height, Jjulse width, and time between pulses are
briefly Iscussed. Response obtained on 4 X 10"'J\I
Cd2+ solution Indicates that usable data can be obtained
at this level while a precision. of 10% is Indicated on
4 X 10-'.M Cd 2+.

DERIVATIVE MODE PULSE POLAROORAPHY has been shown to
be a very sensitive analytieal technique (/-4). When performed
on a stationary electrode, additional advantages may accrue
such as increased electrode area (5), increased speed of
analysis, and ensemble,averaging (6, 7) undisturbed by drop
area uncertainty.

Computerization. of chemical analysis is becoming very
popular today, a fact occasioned by utility and by novelty.
In electrochemical analysis, several workers have been en-

t Present address, Department of Chemistry, Northeastern
University, Boston. Mass..021IS

(I) E. Temmerman and F. Verbeck, J. £I.elfOOl/al. Chelll.. lZ, 158
(1966).

(2) A. Lagrou and F. Verbeek. ibid., 19.413 (1968).
(3) E. P. Parry and R. A. Osteryoung, ANAL. CHEM., 36, 1366

(1964).
(4) C. Peker, M. Herlem, and J. Badoz-Lambling, Fresellius' Z.

AI/ol. CMIII., 224, 204 (1961).
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38 1165 (1950).
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gaged in demonstrating the utility of an on·line computer
system (6, 8-/0). By employing a computer to take measure­
ments, control the experiment, and analyze the resulting
data, maximum use is made of the ndvantages of dcrivative
pulse polarography at a stationary electrode. Other capa­
bilities such as convolution of the current response to increase
the signal-ta-noise ratio and automatic determination of
peak positions and heights by a real-time successive approxi.
mation technique can be developed readily on a computer
system.

In this paper the characteristics of a computerized electro~

chemical system arc described and demonstrated in an appli­
cation to pulse polarography at a stationary electrode.
Some of the advantages of the computer system over con­
ventional systems arc developed; some further potential
advantages arc mentioned.

The realizable sensitivity of the system as an analytical
tool seems, at present, to be limited by background. Instru­
mental artifacts and oxygen appear to be the primary con­
tributors. With the problems, however, measurable response
is obtained with 4 X IO-'M CdH. Reducing the concen­
tration of supporting electrolyte to below IO-'M is an impor­
tant factor in this achievement. This sensitivity compares
with stripping analysis where sensitivities as low as
6 X IO- IIM (/I) have been reported. More normally,
values of IO-'M are seen with respect to this technique. It
docs require that the species determined be concentrated into
another phase, a fact which limits its general utility. Potential
sweep voltammetry has a reported sensitivity of ~IO-'M(/2)

(8) G. Lauer and R. A. OSleryoung. ANAL. CHEM., 40 (10), 30A
(1968).

(9) G. P. Hicks, A. A. Eggen, and E. C. Toren. Jr., ibid.• 42, 729
(1970).

(10) G. Lauer, R. Abel, and F. C. Anson, ibid.• 39, 765 (1967).
(II) S. P. Perone and J. R. Birk, ibid.• 37, 9 (1965).
(12) J. W. Ross, R. D. DeMars, and t. Shain, ibid.• 28,1768 (1956).
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Figure 1. System block diagram

and can be extended by an order of magnitude by analog
differentiation (13). For a discussion of these and other
elc<troanalytical techniques, the reader is referred to refer­
ence (14).

EXPERThffiNTAL

A PDP-S/I computer (Digital Equipment Corp.) was used
for all computing, control, and measurement functions except
for the use of a potentiostat and current amplifier, which
employed Philbrick-Nexus SP656 and P65AU operational
amplifiers. A more complete description of the digital
system is given in the next section.

All chemicals were reagent grade and used without funher
purification. The water was twice-distiUed. the first distiUa·
tion being from alk.aJine pcrmanganate solution.

A spoutless 1000mi beaker was used as the elc<trochemical
cell. A commercial cover (Beckman Instruments) was
adapted to use in this experiment, and prepurifir.d nitrogen
was always kept flowing over or through the solution. No
frits were used in the apparatus.

The indicating electrode was a Brinkmann microburet
hanging mercury drop electrode. The capillary was dewelled
with dichlorodimethylsilane prior to usc and the end broken
olf. The reference was a Sargent SCE. The auxiliary elec-

(ll) S. P. Perone and T. M. Mueller, Anal. Chern., 37,2 (1965).
(14) H. A. Laitinen, in "Trace Characterization, Chemical and

Physical," W. W. Meinke and B. F. Scribner, Ed., Nal. BUT. Sla"d.
U.S. MOl/ogr. 100, 1967.

trode was a platinum wire separated from the solution by a
pinhole in the end of a piece of glass tubing.

All dcaerations were performed for at least 15 minutes. A
glass tube with a small hole in the end was used as the nitrogen
inlet.

SYSTEM DESCRlFIlON

The system, Figure I, consists ofa PDP-8/1 computer inter­
faced with a real-time clock, and X-V plotter, and a potentia­
stat plus current follower system based on operational ampli­
fiers. All operations are under computer control.

The real time clock can be set under program control to
turn on a flag after the passage of from I to 4096 clock pulses
or "ticks." This flag is connected to computer skip line so
that it may be interrogated by an I/O command. Normally
the program uses the skip instruction in a wait loop. The
clock can also be read at any time to determine the elapsed
time, and it will provide a computer interrupt when lbe flag
is sct if the interrupt is enabled. For a more complete de­
scription of the clock, see reference (/5). Funber infonna­
tion on the interface is contained in the article by Lauer and
Osteryoung (8).

The plotter is a Hewlett-Packard X-Y plotter with a digital
plotting accessory. The two axes are driven by IO-bit DJA
converters. Completion of the plotting of a point is signalled
to the computer from the plotter.

(IS) D. M. Mohilner and P. R. Mohilner, D.N.R. Tech. Reporr
No. I, Project NR359-493 (July 1969).

Figure 2. Program block diagram
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The electrochemical cUcultry is conventional. Input to the
potentiostat comes from a variable voltage source and from a
12-bit D/A converter interfaced with the computer. This
converter, when properly connected, has a resolution of 0.5
mV for a 2-volt scan. It is run with a single digital buffer
into which information is input from the computer by a jam­
transfer method. This method of transfer eliminates the
need to clear the buffer before it can receive an input and,
therefore, prevents spurious signals during transfer. Switch­
ing time of the converter is about 3 "sec.

The current output from the cell is converted to a voltage
through a current follower. The output from this follower is
input to a 12-bit AID converter. This converter has a sample
and hold accessory which is activated by program command.
The aperture time is ISO osee while the track time is 12 "sec.
The converter begins conversion on command and gives a
conversion complete signal. Conversion time is 35 "sec.
The conversion complete signal may also produce an inter­
rupt if actlvated.

PROGRAM DESCR1PI'ION

A block diagram of the program is given in Figure 2.
A description of the terms used and certain processes not
obvious in the diagram follows.

The experimental parameters are read in a question­
answer mode. The clock cycle, voltage division factor, and
current measuring resistor values allow time, voltage, and
current parameters to be communicated in engineering
units rather than in computer internal representation. The
voltage division factor is an attenuation between the appro­
priate D/A converter and the potentiostat. The full 12-bit
precision of the D/A converter is realized only if its full scale
output of 10 volts can be utilized. Therefore the IO-volt
output is divided to result in a control voltage slightly greater
than the desired scan range. This division is accomplished by
utilizing the fact that the input to the potentiostat is a summing
network. Appropriate choice of summing resistor for the
D/A input results in the desired scaling.

There are three types of pulse polarography that may be
performed. The first, designated N (for normal or integral
mode), is produced by maintaining the potential between
pulses at a constant value. Each successive pulse is of
greater magrtitude than the preceding one, and the current
response at a fixed time after the application of a pulse is
plotted against pulse height. In the D (for derivative)
mode, all pulses are of equal height. However, the potential
between pulses is stepped to a greater value after each pulse.
The current is plotted against the potential prior to applica­
tion of the pulse. A third mode, Q, has been incorporated
to allow the difference between successive pairs of current
responses output ia the N mode to be plotted. This mode
is termed the difference mode. Although the D and Q
modes give functlonally identical behavior when used on
reversible systems, the fact that the waiting period between
pulses is spent at different potentials can produce marked
differences in behavior for systems with complications. An
example might be a system exhibiting absorption where
desorption would be observed at some potential in the D
mode, but since the Q mode would· always begin each pulse
in the same state it would give no indication of the desorption.

Only in the derivative mode (0), is it necessary to give the
value of the pulse height in addition to the other parameters
required for all modes.

Delay time is the time between pulses. If a dropping
men:ury e1ectrode were to be used, the drop would be dis­
lodged at the end of each pulse prior to the delay time.
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For plotting, provision is made to input horizontal and vertical
tick mark spacings.

During the experiment, the current is measured before
and at the end of each pulse voltage which is applied to the
electrode. After completion of the requisite number of
averaging cycles (pulses) at one potential, the calculated
point is plotted and the appropriate digital representation
of the potential is incremented.

When the experiment is completed, the stored results
may be printed. Also, a digitally smoothed plot may be
obtained. If a repeat is desired, it can be made with a change
of the plotter vertical amplification factor (a program calcula­
tion), the plotter bias (also programmed), and/or the number
of averaging cycles simply by answering "Y" (Yes) to the
computer's query. For other alterations, the answer must
be "N" (No). In the latter case the computcr switches are
set to indicate the changes desired. The computcr will ask
for only the parameters selected.

THEORY

Pulse Polarograpby. An approximate theory of differen­
tial pulse polarography is developed here for stationary e1cc­
trodes. For details, see Appendix II. The results arc essen­
tially the same as those derived for derivative pulse polarog­
raphy at a dropping electrode, and the reader is referred to the
original papersfor details (/6-/9). The approximate model
used here is the application of a potential step from a region
of no Faradaic reaction to the potential of interest followed
at a time T by a pulse of height t.E and duration I. The
concentration gradient ncar the electrode is assumed to be
linear when necessary. This assumption should be good for
T» I.

For Htotally reversible" systems, the concentrations of
reactant, Cr, and product, Cp , at the electrode surface are
determined by the electrode potential, the bulk concentra­
tions, and the diffusion coefficients, Dr and Dp • They arc
time invariant at any fixed potential. When the Fiek's
law equations are solved, the concentration gradient prior
to pulse application is found to be missing from the expression
for ai.

t!J = nFAD~"CT"(° I - f3 (I)
,,"'1'" (f!-y° + oXoyo + 0)

See appendix I for notation. Note that this expression also
does not depend on T and, further, that it is symmetrical
about E". + '/.c.E, where E", is the polarographic half-wave
potential. This is essentially the same expression as those
derived previously (/6, /8). Derivation of the equivalent
equation for a stationary spherical electrode yields the
standard spherical correction term for potentiostatie processes
(20).

A "totally irreversible" process (see Appendix 11) results
in an equation containing T.

ai = nFAD,II'C,O(1\" - X) exp (I\,,'T) X

erfc (I\"T"') exp (X'I) erfe (XI"') (2)

(16) G. C. Barker and A. W. Gardner, AI. Energy Res. £Slab.
Harwell, C/R 2297 (1958).

(17) G. C. Barker, R. L. Faircloth, and A. W. Gardner, ibid., C/R
1786.

(18) E. P. Parry and R. A. Osteryoung. ANAL. CHEM., 37, 1634
(1965).

(19) A. A. M. Brinkman and J. M. Los,}. EJec/roallal. Cllem., 7,171
(1964).

(20) W. H. Reinmuth, J. Amer. Cltem. Soc., 79, 6358 (1957).



Table I. Coaceatratlon oC Cd(U) os. Peak "elgbl

.Concentration Peak height
(M) v.A)

4 X 10-' 57.
4 X 10-' 7.4
4 X 10-' 0.92
4 X 10-' 0.3\

.....
....

.....

Figure 4. Voltage wave Conn Cor derivative
mode pulse pOlarograpby

-.4 -.6 -.8
VOLTS vs SeE

Figure 3. Derivative pulse polarogram oC 4 X
IO"'M Cd>+, 5 X 10-'M KNO.

2().cycle .,erage wilhout smoo!hlDg. A ~ 0.Q414
em'. Pulse height ~ 50 mV. Pulse width - 20
msec. Delay = 200 msec

several milliseconds after the pulse is applied. The peak
heights are readily reproducible at all except the lowest
concentration where extreme care must be taken to eliminate
oxygen. Figure 3 shows the response of the system to the
lowesl concentralion sludied, 4 X Io-'M Cd" in 0.5 X
Io-'M KNO.. A readily measurable peak is apparent.
At higher concentrations, a large, well-formed peak is ob­
served. Wilh proper precautions, the detection limit Cor
computerized pulse polarography of cadmium should be
substantially less than 10-tM. This is beller than has been
previously reported Cor pulse polarography.

The reproducibility of the system described in this paper
is demonstrated by a series of replicate runs. Data were
output on the teletype. The largest value was taken as the
peak, while the minimum value preceding the peak was taken
as the base line. Four runs at 4 X IO-'M Cdt+ had
a slandard deviation oC 1.5% while ten at 4 X to-'M Cd"
had a standard deviation of to%. The drop area was
reproducible to only about I % accounting for most of the
error in the first series. Since the background in the second
series had a magnilude of roughly one-half oC the peak and
was not necessarily additive, it is likely that this is the pre­
dominant source oC error. A longer pulse width than the
20 milliseconds employed plus better electronic circuitry
should be sufficient to reduce the error considerably. Better
oxygen scrubbing techniques are also indicated.

VOLTAGE
STEP

PULSE
WIDTH
~

PULSE
HEIGHT

~l~DELAY
TIME

v

RESULTS AND DISCUSSION

Pulsc polarograms were run on cadmium nitrate in potas­
sium nitrate supporting electrolyte with the computerized
pulse polarography system. The concentrations of cadmium
ranged from 4 X to-'M to 4 X to-'M while the corre­
sponding KNO. concentrations were O.5M to 0.5mM.
Peak height as a function oC concentration is given in Table I.
There is an apparent increase of sensitivity at lower concen­
tmtions. While the dilutions were made with dislilled
water, thus lowering the ionic strength, resultant double
layer effects or migration effects would be expected to be
minor. The more likely cause oC the loss of linearity is an
instrumental one produced by increasing solution and
current measuring resistances. With increasing uncompen­
sated resistance, the potentiostat does not control until

(21) D. J. Fisher, Chern. Instrum.• 2, I (1969).
(22) A. SavilSky and M. J. E. Golay, ANAL. CHEM., 36, 1627 (964).

This equation becomes identical to that given by Barker (16)
if t:.E is small and the >,.'T terms are combined Wilh C,".
Thc dependence of T shows that Cor long experiments-i.e.,
the efTc'Ctive value of T is large-sensitivity to irreversible
reactions is decreased. Barker presents the same argu­
ment (16). Note that the concentration gradienl again does
not appear in the expression. However, higher than firsl­
order terms would appear iC included in the derivation.
Their inclusion would, however, make the mathematics
unduly complex.

Therefore, it is important when doing analysis by derivative
pulse polarography to try to have the sought afler species
in a form which displays reasonable ek'Ctrochemical reversi­
bility at times of the order oC the pulse width. A significant
corollary to this behavior of irreversible systems is a decrease
in the sensitivity to oxygen so that it will cause less inter·
ference than in, say, normal (integral mode) pulse polarog·
raphy.

Signal Averaging. The theory of cross correlation is well
developed (7, 21). The signal is multiplied by a Cunction
synchronized with the signal. The signal is assumed to be
periodic and its product with the cross correlation function
is summed oyer the number of periods or cycles run to obtain
a single output value. Several such summations may be
SloeD simultaneously or seriatim to provide an ensemble
average.

In this work the cross correlation function is a periodic
binary sampling Cunction synchronized with the beginning
of each pulse. In effc'Ct, the result is ensemble averaging.
It is reasonable to expect that for most random noise distribu­
tions encountered in practice, the signal-to-noise ratio will
increase as the sqllarc root of the averaging cycles.

Digital L<aSl Squares Smoothing. The method of smooth­
ing employed for this paper is thai given by Savitsky and
Golay (22). The reader is referred 10 their paper and reC­
erences for further details.
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Figure 5. Derivative pulse polarograms of 4 X 10-'M Cd'"
0.5MKNO.

5..cycle 8\'crage ~ithout smoothing. A = 0.0414 ems. Pulse height =
20, 40, 60, 80, 100, 120, 140, 160 mY. Pulse width = 20 mscc.
Del.y ~ 200 msec
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Figure 6. Derivative pulse polarogram of 4 X 10"'M Cd"
0.05MKNO.

x)·c1e ....,...gewilboutsmoothing. A ~ 0.0414cm'. Pulsebeight =
SO mY. Pulse "idth, delay - 10,100 msec; 20,200 msec; 50,500
mscc

Effort directed toward optimization of experimental
parameters has been reported (3, /8). Because there are new
factors present in the hanging drop method and because of
the importance of optimization to achieving maximum
sensitivity, certain of these parameters have been investigated
here. The parameters associated with the voltage wave
form arc shown in Figure 4. Calcularions were made on the
theoretical response for variations of p.ulse height. There
can be no general optimal value since one individual may be
concerned with peak separation, while another may desire
only a maximum height to half-width ratio. The effect
of pulse height on separation has already been disc'ussed
elsewhere (3). The result is that smaller pulse heights provide
greater separation at the expense of sensitivity.

Since large pulse height will result in the peak approaching
a maximum height while continually broadening and small
pulses cause continually diminishing peak height but a
constant, minimum peak width, it would seem that some
intermediate pulse height should be optimal. An arbitrary
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Figurc 7. Dcrh'ati\·c pulse polarogram of 4 X lO--6M CdH ,

0.05MKNO,

S-qclc tl,'crngc without smoothing. A = 0.0414 em'. Pulse heiWlt =
SO mY. Pulse width = 10 msec. Del'l' ~ 100,200 msec

measure of the optimal value is the ratio of peak height to
the half-peak width. Hand calculations show that this
quantity isa maximum when nF6£{RT = 2.1 or 6£ = 63 mV
for a two-electron process at 25°C. However, equally
significant is the fact that the range of pulse heights allowed
ira 10% variation of the above ratio is permitted, is t80ln mV
to 84{1I mV at 25 ·C. It is therefore quite likely lhat the
pulse height for any given experiment will be determined
by other factofs. This is especially true if two species
undergoing reductions requiring different numbers of elec­
trons arc being studied simultaneously or if peak separation
is a problem.

The actual results of variation of pulse height are shown
in Figure 5. The 6O-mV curve appears to be the best one.
The asymmetry observed at large pulse heights is likely due
to insufficient delay times between pulses. At pulse heights
of 100 mV and greater, the trailing edge of the peak moves
cathodic. However, if there arc no ncarby interfering ions,
then high sensitivity can be achieved by using relatively
large pulse heights.

For maximum response, the pulse width should be a
minimum, although if too short, double layer relaxation
will make a significant contribution and limit the sensitivity.
The effect of pulse widths of 10, 20, and 50 milliseconds is
displayed in Figure 6. The delay time is ten times the pulse
width in each case. The heights obey the r'12 law predicted
by theory to better than 5%. Other experiments show that
if the pulse width is greater than 0.1 sec, positive deviations
arc observed. These deviations arc readily explained by
convcction and spherical effccts. Much more significant
is the cffl."Ct on the background. The extreme change in the
background level observed in Figure 6 is due to instrumental
limitations. Positive feedback should be capable of reducing
this effect, thus allowing the instrument to achieve still
greater sensitivity.

The delay time between pulses allows for the relaxation
of the disturbance. If the delay is too short, then the signal
becomes noisy and sensitivity is decreased. Long delays
increase measurement time. Therefore the delay must be a
compromise between these effects. For the 50-mV pulses
used in most of the work, a delay of ten times the pulse
width was found to be satisfactory. Figure 7 shows the
effect of 100- and 200-msec delays when the pulse width is
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The direct connection between the experiment and the
computer with the experimentalist present gives a rapid
tum-around capability which is highly beneficial in experi­
ments of the type demonstrated. First, there is immediate
knowledge of the success or failure of the experimental
arrangement and parameters used. Second, quantitative
results are available at the moment. No delays due to data
conversion and processing are incurred. Third, there are
ad\'1lntages unrealized in this work such as removing the
experimenter from the computer-experiment feedback loop
by programming decision-making capabilities into the
computer. This could even be done by computerized
learning machine methodology.

A program listing or source tape may be had by writing
to the authors.
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APPENDIX I

(23) P. Delahay, "New Instrumental Methods in Electrochemistry,"
Interseience, New York, N. Y.. 1954, p 74.

APPENDIX II

Derivation of Curve Shape for Derivative Mode Pulse
Polarography at a Stationary Electrode

From Delahay (23),

j = nFAC,'>."D,'/leQ" erfc (QT'/I) (AI)

From Fick's diffusion equation, after Laplace transformation
and using semi-infinite linear diffusion,

C, = C,'/s + Ii exp [-xVs/D,1 (A2)

The new variable, Ii, is an undetermined coefficient. There­
fore,

Notatloo

n ~ number of electrons transferred per mole of
reactant

F ~ Faraday
A = electrode area
Dr = diffusion coefficient of reactant
Dp = diffusion coefficient of product
C, and Cp = concentrations
C,° and CIl 0 = concentrations at t = O,.l' = 0
o = Dp l/'/D,1I1
CT ~C,o+.C.o

~ = exp (nF/RT ~E)

~E ~ pulse height
"(0 ~ exp ["F/RT(E, - EO)]
Ei = potential prior to application of pulse
EO = formal standard potential of electrode reaction
Xo = k.D,-II' exp [-anF/RT(E, - £")1
X = X. exp (-anF/RT~E)
k. = formal standard heterogeneous rate constant

erfc (x) = t - err (x) where erf(x) ~ 2/r'"f: cnd,

; 0= current
;0 = current at t = 0
Q = k. exp [anF/RT(E, - EO)] 1D,-II' + D.-lI' exp

["F/RT(E, - E°)1}
" = XII + .-1 exp [nF/RT(E - £")11

10 msec. A slight sensitivity improvement is observed
with the 200-msec. delay.

One of the primary advantages of a computerized experi­
mental system is the acquisition and storage of data in
digital form. These data can then be operated upon during
or after the experiment to improve the quality of experimental
results. In the present system, two means of operating on
the data are employed. The data are averaged by taking
several measurements at the same potential repetitively,
and the data are smoothed by a least squares procedure after
the experiment. Both of the operations are optional. The
fIrst has the effect of increasing the signal-to-noise ratio as
the square root of the number of averaging cycles. There
is no distortion created if the delay between pulses is suffi­
ciently long to allow virtually complete relaxation of the
disturbance created by the pulses. The second method
improves the signal-to-noise ratio as the square root of the
number of values over which each point is calculated. Dis­
tortion will be introduced if the order of the polynomial used
to fIt the data is too small to adequately represent the segment
of the curve being fit. Test computations indicate that a
nine-point quartic smooth will introd"ce no measurable
distortion with data points spaced 10 mV apart. The two
above methods affect the signal-to-noise ratio independently
so that the addition of the nine point smoothing algorithm
should have the same effect on the signal-to-noise ratio as
multiplying the number of averaging cycles by nine. Figure
8 demonstrates the efficacy of these noise reduction tech­
niques. In Figure Sa a raw curve is shown. Figure 8b
shows the effect of averaging over nine cycles while, in
Figure Be, the nine-point smoothing routine is used. The
two curves show roughly the same reduction in noise. Figure
8d is the result of applying both techniques. The effect of
noise is virtually eliminated.

The experimental results indicate that through the use of
an on-line computer a significant increase in the sensitivity
of pulse polarography can be attained. Particularly impor­
tant to this increase are the techniques of signal averaging
and data smoothing and the ability to vary experimental
parameters readily over a wide range.

(C,)z-' = C,' + a (A3)
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and

and

(A25)

The result is

t1i = nFAC,'D.""y' I - {j
,,1I't 'll (-y' + 6)(fiy' + 0)

RECEIVED for review AUBust 13, 1970. Accepted December
21,1970. This work was supported in part by NASA Grant
Number NGR-06-OO2-088.

Substitute Equations All, AI5, and AI9 into AI7 and AI4
into At 8; equate currents to get

{
c, _ [COl cl'Dp l/2

nFAADI/' -; + b - -; + --;m- +

c,'D,'" _ ~J exp [nF (E - £O)J}
6s'" 6 RT

nFAD,(cds - 5YsID,) (A20)

Solve for 5 using (see Appendix I),

clD,lI':l A
5 = 5(s'" + 1') - 5(s'" + 1') X

{co - co' exp [~~(E - £0)J} + s"'(s I/~ + 1') X

(C,'D",,+ C'D;"') exp [~~(E- £O)J (A2I)

Using Equations AI8, AI4, and A21 and inverting the trans­
form

i ~ nFAD,{c, - c,e"" erfe {!JI"') +

.~[c, - co' exp ('!f-(E - £O»)J e"" erfc {!JI''') -
D,If: RT

~(C"6 +~) [I - e"" erfc{!JI''']exp [~(E - £O)J} (A22)

Replacing Co. co', Cit and c,' with the values given by Equations
A7. A9, AB, and AIO and subtracting Al gives

t1; = nFAD''''C,'{{1 - ~(I + o-'e,,"f(R-':'I) X
(I - .Q" erfc (QT''') )e"" erfc {!JI",)J -

A",Q" erfc (Q,''')'-'' erfc {!JII/,)} (A23)

Equation A23 is the general expression for a pulse applied
at time T after n step. using the approximation of linear
concentration gradients. The limiting case of a totally
irreversible reaction may be obtained from the following limits:

Q - A"I' - A, exp [~~(E - E")J - O.

The result is

u; = nFAD, 112CrO(X - ho)e).olr cefe (hoTlf~)e>'l' crfe (htl1~)

(A24)

The limiting case of a totally reversible reaction can be
obtained by taking k. _ CD. Then J.I. _ CD, A - CD and

X~tl erfc (p11l2) A__
1r 1f'Jt l "}l

In the above derivation, an electrochemical reduction has
been assumed and the initial concentration of the product was
zero. In the reversible case, the initial concentration of the
product may be non-zero and the requirement of linearity of
the concentration gradient may be relaxed.

(AIO)

(AlB)

(AlIa)

(All b)Cp = co' + Cl'X

i - nFAD,«)C,/()x)z_'

and

Once again, solving Fick's equation in Laplace space yields

Now, assume that the concentration gradients nrc linear nnd
can be represented by

()C,(O,T) = C,OAoD,-I/,.Q" erfc (QT''') (AB)
()x

However, using Equation AI,
_ i C,o'>"o I

(l>C,{lJX)z_o = nFAD, = D,'" s"'(s'" + Q) (A5)

Combining Equations A4 and A5 yields

erG).,o

" = - s(s'" + Q) (A6)

Substituting A6 into A3 and A4 and inverting the transform
gives

C,(O,T) = C,o - C,oAoQ-'[1 - .Q" eric (QT"')J (A7)

and

Similarly,

C,.(O,T) = C,oA~-IQ-'[1 - .Q" erfc (QT ' '')] (A9)

Substituting into· the absolute rate theory expression (24),

j = nFAAD,I/'{C,(O,s) -

C~(O,s) exp [~(E - E")J} (AI7)

C, = ~(co + C,X) + ~ exp [ -XYSID,J (AI2)

So that

C,(O,s) = c,ls + ~ (All)

and

()C,(O,s) Villi.
-()- = CI{S - ~ siD, (AI4)

- x

Similarly,

C,.(O,s) = co' + ~, (AI5)

and

bc,.(O,s) - Y-
(AI6)--()- = c,'ls - b' sID,

- x

Note that

Asswne equal and opposite fluxes (23) and use Equations
AI4 and AI6 with appropriate manipulation to give

6' = cl'D,'"r''' + c,D,'"6-'r''' - 66-' (AI9)

(24) P: Delahay, "New Instrumental Methods in ElectrOChemistry,"
Interscience, New York, N. Y., 1954, P 34.
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Rapid Analysis for Sub-Nanogram Amounts of Chromium in
Blood and Plasma Using Electron Capture Gas Chromatography

Larry C. Hansen and William G. Scribner

Monsanto Research Corporation, Dayton, Ohio 45407

T. William Gilbert

Department afChemistry, University a/Cincinnati, Cincinnati, Ohio 45221

Robert E. Sievers

Aerospace Research Laboratories, Wright-Patterson Air Force Base, Ohio 45433

A rapid method for the quantitative determination of
chromium in blood and plasma has been developed.
A 0.050-ml sample is reacted In a sealed tube with a
hexane solution containing l,l,l-trlfluoro-Z,4-pentane­
dione. It is not necessary to digest or ash the sample
in this direct reaction procedure. Components of the
hexane extract are then separated using a gas-liquid
chromatographic column, and chromium Is detected
as chromium trlfluoroaceiylacetonate using an elec­
tron capture detector with a tritium source. Chro­
mium has been determined at the 50 ng/ml of blood or
plasma level. The detector responds well to picogram
amounts of chromium allowing determinations as low
as 5 nglml without preconcentration or pretreatment of
the blood or plasma. Live animal experiments have
shown in vivo chromium can be chelated and extracted
from blood and plasma using the recommended pro­
cedure. Time requirement rer sample is about 11/.

hours; however, analysis 0 four or more samples
simultaneously decreases the average analysis time to
less than 1 hour. Suggestions for the use of this
method as a diagnostic tool are also made.

CHROMIUM IS ESSENTIAL to man for normal body functions and
is important as a diagnostic tool. The occurrence and impor­
tance of chromium in the functioning of biological systems
has been extensively reviewed by Mertz (I). in man, normal
blood chromium levels arc in the 20 to 50 nanograms per
milliliter range. To better establish the relationships between
chromium and body functions, such as glucose metabolism,
a method to analyze for chromium at this level is needed.
Evidence that chromium deficiency is a factor related to dis­
turbances of glucose metabolism (I) points out the need for a
method to analyze for chromium in blood plasma at levels
down to 5 nanograms per milliliter. Because of these low
chromium concentrations and the frequently limited sample
size, n highly sensitive method for chromium detection is
necessary for its determination.

Earlier studies have shown the extraordinary sensitivity
with which fluorine-containing chelates such as chromium(lIl)
trifluoroacetylacetonate can be detected by electron capture
gas-liquid chromatography (2, 3). The principal problem
that remained was to develop a rapid and simple method for
quantitative conversion of protein~boundchromium in blood
to the trifluoroacetylacetonate.

1,I,I-Trifluoro-2,4-pentanedione [H(tfa)] has been used
as the chelating agent by Savory er 0/. (4) for the determina-

(I) W. Mertz, Physiol. Reo., 49, 163 (1969).
(2) R. W. Moshier and R. E. Sievers, "Gas Chromatography of

Metal Chelales," Pergamon Press, Oxford, 1965, and rden:nces
therein.

(3) W. D. Ross and R. E. Sievers, ANAL. CHEM., 41, 1109(1969).
(4) J. Savory, P. Mushak, F. W. Sunderman, Jr., R. H. Estes, and

N. O. Roszcl, ibid., 42, 294 (1970).

tion of microgram quantities of chromium in serum; how·
ever, this method involved an acid digestion of the serum for
I hour at ISO 'C to destroy the otherwise interfering protein
material. Taylor el 0/. (5) used H(tfa) for the determination
of beryllium in various biological fluids in a rapid and simple
reaction in a sealed tube between the biological sample and
a benzene solution of the chelating agent. They reported
that H(tfa) was effective as a chelating agent and resulted in
quantitative BL-(tfa), formation in the presence of naturally­
occurring complexingagcnts.

This report presents the optimum conditions for the rapi':
quantitative chelation, extraction, and electron capture GLC
determination of chromium in blood and plasma using H(lfa)
as a direct reaction chclating agent. 1,I,l,5,5,5.Hexaftuorcr
2,4-pentanedione [H(hfa») and 1,I,I,2,2,3,3-heptafluoro­
7,7-<limethyl-4,6-octanedione [H(fod)] were also evaluated
for this purpose.

EXPERlMENrAL

Apparatus. A Hewlett-Packard Model 402 gas chromato­
graph with an eleclron capture detector utilizing a tritium
source was used with the following column and conditions:
column, 2 ft X '1.1 in. i.d. borosilicate g1ass tube packed with
5% Dow Coming LSX-3-0295 silicone gum on 6(}-SO mesh
Gas Chrom P; column temperature, 132°C; detector tem­
perature, 190 °C; carrier gas, He; carrier flow rate, 20 mil
min; purge gas, 5% methane-95% argon; purge flow rate,
100 m1/min; pulse mode interval setting, 150. The following
column under the same conditions (except where stated) was
used for confirmation of the identity of the Cr(tfa). peak:
column, 4 ft X '1.1 in. i.d. borosilicate g1ass tube packed with
3.S% Union Carbide W-9S silicone gum on 80-100 mesh
Anachrom ABS; column temperature, 133°C.

Gamma counting of "Cr (0.325 Mev "Yo t", - 21.S d) used
to establish optimum chelation and extraction conditions was
performed in a well scintillation counter containing a sodium
iodide crystal activated with thallium (Nuclear Measurements
Corporation).

Reagents. H(lfa), H(bfa), and H(fod) (Pierce Chemical
Company) solutions were prepared by dissolving freshly dis­
tilled material in Chromatoquality Hexane (Matheson, Cole­
man and Bell).

Cis-Irans Cr(tfa). was prepared by a method similar to that
reported by Ross, SCribner, and Sievers (6) by mixing 100 mg
of chromium powder, I mI of H(lfa), and I drop of concd
HCI. The mixture was vigorously shaken and excess H(tfa)
was removed later by adding 4.0 mI benzene and then extract-

(5) M. L. Taylor, E. L. Arnold, and R. E. Sievers, Anal. Lett., I,
735 (1968).
(6) W. D. Ross, W. G. Scribner, and R. E. Sievers, Preprint of Sth

International Symposium on Gas Chromatography, Ballsridae,
Dublin,ln:land, Sept. 1970.
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Figure 1. Per ceot chromium extracted
from blood witlt H(lfa) in hexane as a fWIC­
dOlI of time
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ing with 4.0 mI of 0.5N NaOH. The product was purified by
fractional sublimation at 100-145 DC (0.05 mm). (Early
condensing oily material was discarded.) If purification by
recrystallization is nllempted, care should be taken to avoid
solvents that alter the natural trans to cis ralio (_4 to I) in the
final product, since both isomers are formed from chromium
in blood. Anal: Calcd for Cr(C.H.F,O,),: C, 35.24; H,
2.37. Found: C, 34.86; H, 2.18. A stock Cr(tfa), solu­
tion was prepared by dissolving 0.01005 gram of the pure ma­
terial in 10 ml ofChromatoquality Hexane, resulting in a solu­
tion containing 1.02 X 10-' gram Crimi. Standard solutions
containing 1.53, 1.02, and 0.51 X 10-' gram Crimi were pre·
pared by appropriate dilutions with hexane.

A stock aqueous chromium solution was prepared by dis­
solving 0.1307 gram of pure chromium metal in 5 ml of hot
HCI (concd). After boiling down to I ml, a dilution to 100
ml with distiUcd water resulted in a solution containing
1.304 X 10--' gram CrimI. Standard solutions were prepared
by appropriate dilutions immediately before usc.

Whole blood samples were drawn from the donors with 10­
cc disposable syringes with 1.5-inch (20 gauge) needles
(fOMAC). Blood samples were placed in lO..c Vacutainers
(Becton, Dickinson and Co.) coated with sodium heparin.
Plasma samples were obtained by centrifuging freshly drawn,
heparinized whole blood and separating the top plasma layer
from the cells. Blood and plasma samples were stored at
4 DC when analyses could not be performed immediately.

Recommended Procedure. The following procedure is
recommended for the quantitalive determinalion of chromium
in blood or plasma. A glass reaction tube (4 in. X 'h. in.
i.d.) is made by sealing the tapered end of a disposable pipet
(Matheson Scientific) wilh an oxygen-methane torch. A
0.050-ml sample of the biological material is introduced into
the glass tube followed by 0.50 mI of a hexane solulion con­
taining 0.005 mI of H(tfa). After introduction of the reac­
tion mixture, the sealed end is immersed in an ice bath and
the open end of the tube is then sealed at the constriction.
The sealed tube is shaken for 15 seconds, wrapped in heavy
duty aluminum foil, and placed on its side in a 175 DC oven
for 30 minutes. After 5 minutes of cooling and 5 minutes of
centrifuging, the reaction tube is opened and a O.40-mI aliquot
of the hexane pbase is added to 0.50 mI of LON NaOH in a 2­
dram vial which is then sealed with a polyethylene-lined cap.
After shaking for 5 minutes, the ¥ial is centrifuged for 5
minutes. A sample of the hexane phase is placed in a l-dram
vial which is then tightly sealed. Five 1.0-,,1 injections of this
hexane solution into the column are made allernately with
five 1.0-,,1 injections of the appropriate standard Cr(tfa), solu­
tion. Time savings can be effected with fewer injections
with some sacrifice in precision. The average Iran.l-er(tfa).
peak heights of the standard Cr(tfa), solution are compared
with those from the hexane solution from the reaction to cal·

OV(N TIME. minutu

culate the concentration of chromium in the sample. The
sample preparation time is about 60 minutes; the instrument
time per injection is 12 minutes. If four or more simultaneous
analyses are performed. the average time is less than I hour.

Optimization Experiments. The optimum conditions for
the chelation and extraction of chromium from blood were
determined by systematically varying the type of fj-diketone,
the chelating agent concentration, the reaction temperature,
and the reaction time. H(tfa), H(hfa), and H(fod) were
evaluated in concentrations from 4.1 X Io--'M to 8.7 X
IO-'M. Oven temperatures varied from 150 to 200 DC and
reaction heating times from 0 to 195 minutes. The chelation
and extraction was foHowed using radioactive lilCr which was
incorporated into the blood sample by adding an aqueous
chromium(II1) chloride solution to an equal volume of blood.
Therefore, the 0.050-ml blood sample actually consisted of
0.Q25 ml of blood and O.Q2S ml of chromium(IIl) chloride
solution in the chelation and extraction study. The blood
solution contained 47 ng of Crimi and -3.8 "Ci of "Crimi
(specific activity 81.5 mCilmg Cr). [Radiolracers
were used only in these chelation and extraction studies and
in the live animal experiments (to be discusscd later) and are
not necessary for the quantitative determination by the
recommended procedure.) The reaction tube containing
the blood-HCr solution was counted twice for 5 minutes in
the scintillation counter, and the counts were averaged and
corrected for background. After heating, cooling, and cen­
trifuging, a 0.20-ml aliquot of the 0.50-ml hexane phase was
placed in a 6-dram counting vial along with two 0.20-ml hex­
ane rinses of the transfer pipet. The resulting 5-minute
counts of the vial were averaged, corrected for background,
multiplied by 250, and divided by the net average reaction
tube 5-minute count to give the extraction efficiency (%£l.

Quantitative gas chromatographic determinations were
made on blood and plasma using the recommended proce·
dure. Experiments were performed to determine whether
known amounts of chromium could be accurately determined
in the presence of potential interferences in blood and plasma.
In these experiments, the blood and plasma samples were
mixed with an equal volume of aqueous chromium(lII) chlo­
ride (nonradioactive). The resulting blood solutions con·
tained 104 ng and 52 ng of Crimi and the plasma solution
contained 52 ng CrimI. Blanks consisting of 0.050-ml por­
tions of blood or plasma solutions to which only equal
volumes of distilled water had been added were also analyzed.
The difference in the Iran.l-Cr(tfa), peak heights of the sample
and the blank was then compared to the Iran.l-Cr(tfa). peak
height of the standard solution to determine the amount of
chromium added to the sample. Detector response was linear
(peak height os. amount Cr present) over the necessary range
(1.5 X 10--" to 5.1 X 10-11 g Cr), which allowed calculations
by direct proportion.
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0.0047
0.0044
0.0045
0.0046
0.0048

0.0046
0.0050
0.0047

0.0052
0.0052
0.0052

0.0052
0.0052
0.0052
0.0052
0.0052

0.052
0.052
0.052

0.052
0.052
0.052
0.052
0.052

Added Ct
conco
(ppm)"

0.104
0.104
0.104
0.104
0.104

Table I. R-'tI of a.r-u. DelawlDatbal
iii Blood (8) ..... PIa8D (P)

Calculated Amount of
amount of Ct deter-
Cr injecWI mined by
GC, nil' GC, DB

0.0104 . 0.0104
0.0104 0.0086
0.0104 0.0091
0.0104 0.0096
0.0104 0.0097

B-6
B-7
B-8
B-9
B-IO

P-I
P-2
P-3

sample
No.
B-1
B-2
B-3
B-4
B-5

Recovery, %
100
83
87
92
94

Mean 91%
90
84
86
88
92

Mean iiii%
88
96
90

Meao 91%
• O.OSO-m1 sample of blood or plasma at this c:oocn taken for

analysis.
• 1.0 pi of O.SO-ml hexane phase injected.

confirmed that a 5-minute back..,xtmction with 1.0N NaOH
followed by centrifuging and layer separation successfully
removed the excess H(tfa) from the hexane layer, and es­
tablished (using mdioactive "Cr) that 97% of the chromium
remained in the hexane phase.

It was considered important to establish beyond doubt that
lhe peak thought to arise from chromium in blood was in
fact trallS-Cr(tfa).. Two blood samples, one containing 100
ngfml of added chromium. were reacted at the recommended
conditions. They were chromatogmphed on Ihe two columns
containing different liquid phases described in the experimental
apparatus section. A standard Cr(tfa), solution containing
1.64 X 10-' g Crimi was also chromatogmphed on these
columns. Both blood solutions showed clean peaks free of
interferences at the same retention time as that of Ihe trans­
Cr(tfa). peak in the staodard solution. This was observed to
be true on bolh columns. Also, the 'NIIS-Cr(lfa). peak
from the sample containing added chromium was significantly
larger. on each column, as expected. The retention times of
the trallS-Cr(tfa). peak and the impurity peaks were sub­
stantially different on the two liquid phases. These facts
confirm that the peak in the blood extmct is from trans­
Cr(tfa).. Funhermore, the natuml level of chromium. in
human blood can be easily measured.

The results of the determinations of chromium added to
blood and plasma are shown in Table I. As these results
show, 90% of chromium added to blood or plasma can be
determined at normal concentmtions using only a 0.050-m1
sample.

Typical chromatogmms of the staodard and the hexane
extmclS from a plasma determination are shown in Flllure 2­
In A is shown the standard Cr(tfa). dissolved in hexane. In
B, a hexane extract from an unspiked plasma sample is iUus­
trated showing the natural level of chromium in this plasma
sample. Chromatogmm C shows the analysis of the same
sample as in B, except that chromium has been added. In
aU plasma chromatogmms, the first peak is an unidentified
eJeetron-QIpturing species derived from the plasma. .

Live animal experiments, used io show that tit otoo chro­
mium could be determined, were performed by iJ\iecting O.S mI
of a saline (pH 8) NatCrO. solution into the tail vein of six
labomtory mts. The 0.5 mI il\iected contained 100 I'Ci of
"Cr and 15 I'g of Cr. Blood samples were taken from the
animals t and 3 hours after injection. Blood and plasma
samples were then reacted as in the recommended procedure
up to the point of extmction. The extmction efficiencies
(%£) were determined by the mdioactive counting of the
samples and were calculated as previously described.

In an independent study of the determination of chromium
in lunar rock samples, Ross and Wolf have established that
the relative standard deviation of the gas ehromatogmphic
ponion of the analysis is 2 %(7).

(7) W. D. Ross and W. R. Wolf, private communication, W. D.
Ross, Monsanto Research Corp., Dayton Laboratory, Dayton,
Ohio 45429, and W. R. Wolf, Aerospace Research Laboratories,
Wright-Pattetson Air Force Base, Ohio 45433, November 1970.

(8) B. G. SChuhz and E. M. Larsen, I. A_,. CMm. Soc.. 71, 3250
(1949).

RESULTS AND DISCUSSION

The systematic evaluation of H(tfa), H(fod), and H(hfa) as
chelating agents for chromium in blood showed thai with
H(tfa) quantitative chelation and extmction were possible
under certain conditions. Some of the results of the H(tfa)
evaluation are shown gmphically in Figure I. The extmc­
tion efficiencies, which were calculated from the mdioactive
counting data, are plotted os. reaction tube oven time. The
H(tfa) concentralion in the hexane used in these experiments
was 8.7 X IO-'M. As Figure I shows, the extmction effi­
ciencies at 200, 175, and ISO ·C peaked at 15, 30, and 60
minutes, respectively. Eleven additional experiments per­
formed with 8.2 X IO-'M H(tfa) in hexane, 30 minutes
heating timet and 175°C oven temperature gave a mean
extraction efficiency of 99.3 % with a standard deviation of
2.0%.

H(fod and H(hfa) when reacted at the same times, tem­
peratures, and concentrations as reponed for H(tfa) showed
similor %E l'S. oven time curves, but the highest extraction
efficiency for either agent never exceeded 50%. When H(hfa)
was used, a white layer formed at the blood-hexane interface.
This white solid was probably the dihydmte of H(hfa) re­
ported by Schultz and Larsen (8) and its formation did not
allow good mixing prior to peating. Also, the effective
H(hfa) concentration was probably lowered enough to hinder
quantitative chelation.

After a successful chelation and extmction reaction, it is
expected that some excess H(tfa) will remain in the hexane
layer. Also, knowing that the small amounts of chromium
present arc chelated and extm(1ed, at least some iron would
be expected to be chelated and extmcted as Fe(tfa). because
of the large amounts of iron in red blood cells. In addition,
various organic compounds freed from the blood might be
extmcted. Should interference occur in panicular samples,
other chromatogmphic columns could be used.

The electron capture detector is very sensitive to H(tfa),
Fe(tfa)" and other volatile, hexane-soluble species with high
electron affinities. The large excess of these materials may
mask the Cr(tfa). peaks, cause the detector to lose its sensi­
tivity, or give a noisy, highly-sloped base line. Therefore,
it is necessary to back..,xtmct as much of the interfering mate­
rial from the hexane phase as possible.

Ross and Sievers (3) reponed that a backwash with 1.0N
NaOH successfully removed excess H(tfa) and Fe(tfa). with
no loss of Cr(lfa).. Using gas chromatogmppy, we have
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Figure 2. (lIromatograms of A, 1.0-~1 standard Cr(tfa), solution contaialng 5.1 X
10-' g CrImi; B, 1.0-~1 hexsoc extract of plasma reaction with no added chromium;
and C, 1.0-~1 hexaoc extract of plasma reaction containing added chromium at the
0.052 ppm lem

Column:
CoIumn_p:
Detector _p:
He flow rate:
CfL.A< flow rate:
Range:
Attn:

2 f15% DC LSX-3-0i9s
132 'C
190 'C
ZOml/lllia
100 ml/mi.
10
8

(10) K. Sterling and S. J. Gray. J. elin.Inout., 29, 1614 (1950).
(II) H. Frank and S. J. Gray, ibid., 32, 991 (1953).

that chromate enter.; the red blood cells with over 90% ef­
ficiency, both in oiro and in oitro. Over 80% of the radio­
active chromium in the fresh blood samples was extracted by
H(tfa}-hcxane; therefore. intercellular chromium can be
detcrmined. It is also noteworthy that the plasma extrac·
tion efficiency averaged 97%.

The combination of the in oioo and in oitTO chclation and
extraction results and the gas chromatographic results shows
chromium can be determined rapidly and quantitatively at
natural levels in blood and plasma using the recommended
procedure. The advantages of this method include small
sample size (0.050 mI), short reaction time (30 minutes).
few and simple manipulations allowing batch analySes, and
high sensitivity allowing determinations of natural levels
without preconcentration.

Sterling and Gray (10) developed a method for the deter·
mination of circulating red' cell volume using radioactive
sodium chromate tn tag the red blood cells. They reported
chromate passes through the erythrocyte membrane and 80
to 90 % of the chromate is firmly bound to the globin portion
of the hemoglobin both in oi"" and in oitro. Chromate is
apparently reduced to chromium(Hl) after it enters the red
blood cell.

Frank and Gray (J I) also determined circulating plasma
volume in man using radioactive chromium(lll) chloride.
They reported that 98 % of the chromium(l1l) is rapidly bound
by the plasma proteins both in oi"" and in oltro. In both the
red cell volume and the plasma volume measurements, a
simple dilutinn technique is used. Radioactive chromium
is also used for studying red cell survival time and in evaluating
blood loss. AU of these methods, which are simple and give

85.0
81.8 104.2
88.8 94.4
70.6 97.6

96.4
70.3 97.5
77.8 92.3
87.7 101.6
83.7 101.0
89.9 96.4

M"", 8f.7 97.6

Hounln 0100

Table D. Resulta of ChromIum ExtraCtiOllS
for In 01"" Rat Experimeota

Extraction efficiency. %
Blood Plasma

94.3

Ral No.

I
2
3
4
5

I
2
3
4
5
6

A 0.5-1'1 il\iection ofa standard Cr(tfa), solution containing
6.5 X 10-' 8 Crlnil inlo the 2·fl LSX·3.{1295 column (3.25 X
10-" g Cr il\iected) resulted in a sharp trans·Cr(tfa), peak
of 175 mm height and a peak heigh.t to noise ratio of 14.
Assuming this sensitivity, little interference, and a 0.050-ml
blood or plasma sample,'chromium could be determined at
the 5 nanngram per mI of blood or plasma level with a 6.0-1'1
il\iection.

To demonstrate that In oJ.o chromium can be quantitatively
extrac:tcd, live animal experiments Were performed. The re­
sults of the chelation and extraction of in 01"" chromium are
pzesentcd in Table D. The blood samples removed after 1
hour from rats 2, 3, and 4 were reacted immediately. The
remainina blood and p1asma samples were reacted after
overnilbt storage at -20 "C. Gray and Sterling (9) reported

(9) S.I. Grayand K.. SterJina,/. aln. Inout., %9,1604(1950).
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precise results, have been invaluable diagnostic tools. How·
ever, the fact that radioactive materials are iJ1jeetcd into the
body makes these methods contraindicakd for certain patients
such as children and pregnant women. By use of non­
radioactive chromium solutions and the new gas chroma­
tographic method for the determination of chromium in
blood and plasma, this diagnostic tool would be available to all
patients. Procedures using radioactive chromium result
in chromium increases of less than I ngfml of blood. How­
ever, because of the relatively low toxicity of soluble chromium
compounds (I), enough chromium can be used to give a 50
to 100 ngfml of blood increase, which can easily be measured
by the GC method. Also, this method could possibly be
applied to other radioactive metals used for diagnosis so that

radioactivity would n.:lt have to be il\iected or ingeskd by
man.
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Rapid Scan Infrared Spectrometer for Operation with Support
Coated Open Tubular or Packed Column Gas Chromatographs

R. A. Brown, J. M. Kelliher, and J. J. Heigl

Esso Research and Engineering Co., Linden, N. J.

C. W. Warren'

Instruments & Communications, Inc., Wilton, Conn.

An Infrared spectrometer has been developed to
record spectra of gas liquid chromatographic fractions
from packed or support coated open tubular (SCOT)
columns. The instrument employs a four filter
Czerny·Turner monochromator with 90· phase null
electronics. A Nernst source is chopped at 400 Hz
in front of the sample and reference cells. Spectra
are measured as sample flows through a windowless
multiple internal reflectance cell of 1.lI-ml volume.
The cell Is heated up to 250 ·C. A helium cooled mer­
cury doped germanium detector is used. Scan speeds
of 5 to 20 seconds cover the 3700-750 em -I region. Con·
ventlonal double beam transmittance and frequency
data are presented on a linear wave number chart.
Good quality spectra are obtained for as little as 20
~g of sample. Functional group bands are observed
at the 3·~g level.

SINCE 1964. A NUMBER of infrared spectrometers hBve been
modified or adapted to record spectra of gas chromatographic
fractions (/-3). These instruments could be connected to
packed column gas chromatographs and spectra observed of
fractions "on the fly" or trapped in special sample cells.
Moderate quality spectra were obtained at scan speeds of
5 to 40 seconds. Minimum sample requirements varied
from 0.1-1.0 ~I (100-1000 "g) depending upon the type of
compound involved.

An advance in capability was achieved by Low and Freeman
(4') who employed a multiple scan interference speclrometer
to monilor effluents from a packed column gas chromato-

I Present address, American Cyanamid Co., Bound Brook, N. J.

(I) A. M. Bartz and H. D. Rubl, ANAL. CHEM.• 36, 1892 (1964).
(2) P. A. Wilks, Jr., and R. A. Brown, ibid., p, 1896.
(3) G. T. Keahl, Pittsburgh Conference on Analytical Chemistry

and Applied Spectroscopy, Pittsburgh, Pa., Feb. 2j, 1966, Paper
209.

(4) M. J. D. Low and S. K. Freeman, ANAL. CHEM., 39, 194 (1967).

graph. This instrument can scan the 2500- to 25<k:m-1

region in I second. Good sensilivily was attainable only
when based on multiple scans (100-300 in number). More
recenlly, Krakow (5) discussed the application of a grating
spectrometer that conlinually produced spectra al the rate
of one spectrum in 0.7 second. This particular instrument
was limited in its spectral range of 3700 ern-I to 1100 ern-I
due 10 the cryogenic detectors Ihat were used. Wilks (6)
and Gilby (7) used standard spectropholometers equipped
with micro cells to operate in the 25-"g range.

As Whetsel (8) noles, fractions from a gas chromatographic
separation represent ideal samples for study by infrared.
To more fully apply infrared to identification of chromato­
graphic fractions, grealer sensitivily is required. In an effort
to achieve this as well as olher improvements, a project was
initiated to build a spectrometer that would be an effective
analytical tool. Mosl of the original design goals were
achieved. These are:

scan rate of five seconds to cover Ihe spectral range, 3700
cm- l lo6SOcm- l .

Double beam operation.
Handle sample sizes at the microgram level.
Resolution sullicient 10 identify component(s) in a gas

chromatographic fraction.

This paper describes the instrumenl and its applicabililY
to packed column and support coakd open tubular (SCOn
gas chromatography.

(j) BUrlon Krakow, ANAL. CHEM., 41, 81j (1969).
(6) P. A. Wilks, Pittsburgh Conference on AnalyticaJ Chemistry

and Applied Speclroscopy, Cleveland, Ohio, March 8, 1968.
(7) A. C. Gilby, Pittsburgh Conference on Analytic:al Chemistry

and Applied Spectroscopy, aeveland, Ohio, March 1970.
(8) Kermit Whetsel, Chern. E.g. Ne.,s, 46, (6), 82 (Feb. 5. 1968).
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DETECTOR

Flsure 1. lR-GC spectrometer optical system layout

Reference and .....pl. belllIIll are dlOpped 90° out of pbase, sepa­
rated In lb. yortlcal plane and both belllIIll ar. recombined by tb.
detector

EXPERIMENrAL

Tbe Spectrometer. The phase null spectrophotomeler
(9) was selected for our application. In our initial assess­
ment, it was felt that this syst.m offered the best promise in
meeting our design criteria set forth above. The phase null
system achieves double beam operation by electronically
ratioing the two beams. Fast response time is thus attained.

The overall spectrometer and associated components,
shown in Figure I, include a Nemst glower source which is
focused by a three-mirror arrangement onto the entrance
of the parallel plate sample cell. The beam is chopped
directly before the sample cell. After passing through the
monochromator's entrance slit, the beam passes thrOUgh
one of four filters which are automatically positioned in a
timed sequence. The graling monochromator follows the
Czerny-Turner design, with its single grating and two para­
bolic mirrors for beam focusing. From the exit slit, the
beam is focused on the surface of the cryogenic detector
which is refrigerated with liquid helium. As described in
an earlier presentation (lU), a two-grating system was orig­
inally constructed. Later this was replaced with a single
graling. This eliminated discontinuities in the recorded
spectr4m at the point of grating change. Scan time was
also reduced. These advantages were achieved with an
insignificant loss in resolution.

(9) C. W. Warren, U. S. Palent3,414,7%9 (1968).
(10) C. W. Warren, J. J. HeiaI, R. A. Brown, and J. M. K.lliher,

Piltsburgh Conference on Analytical Chemislry and Applied
Spectroscopy, Cl.velAnd, Ohio, Ma,.,h 8, 1968, Paper 217.

Figure 3. lR-GC spectrometer gas
cell

Phase Null Amplifier. In the phase null technique, shown
in block diagram in Figure 2, the reference and sample beams
are chopped 90° out of phase bY a common rotating shuller
and, after traversing the sample cell and monochromator,
arc recombined at the detector. The chopping frequency
employed is 400 Hz per second. Synlhesized reference and
sample signals are synchronously produced by the chopping
motor drive Ihrough a generator. The synthesized signals
thus generaled have the same relative phase separation as
the optical signals produced by the detector. As shown in
Figure 2, both sets of signals are treated electronically through
amplification and comparison, before the combined signals
arc rectified, filtered, and recorded. A complete description
of the phase null principle is included in Reference 9.

The phase null method offers excellent response time
characlerislics and good photometric accuracy in regions of
both high and low transmission. This permits scale expan­
sion to be applied without drastically degrading signal-to­
noise ratio. It is common practice in these laboratories
to utilize this technique up to and beyond a 10-fold expansion
factor.

Infrared Cell. The inf.....red cell consists of two optically
flal, polished plales assembled as shown in Figure J. Rods
placed in V-grooves along the length of the plates divide the
unit into separate sample and reference cells. The volume
of each is I cubic centimeter as defined by the dimensions
10 em X 0.1 cm X I cm. Sample or helium gas flows into
the respective cells through the small tubes at the top and
bollom. Outflow of gas occurs at both ends since no win­
dows are used. Temperatures (up 10 a maximum of 250°C)
are maintained constant by a thermostatically controlled
block in which the cell rests.

Some investigations were made of a special multi-reflective
cell to optimize the path ·length to sample volume ratio.

Figure 2. Pbue aalf-block dlagrua
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Figure 4. Spectrum of poIyltyreoe (2O-eec 1ClllI)

Figure 5. Spectrum of polystyreoe (5-oec sean)

This cell has been described elsewhere (/ I). It consists of a
gold cylinder with highly polished reflective surfaces with
dual chambers for sample and reference gases. Provision
is made to heat the entire assembly to prevent condensation
of the higher boiling constituents. Gas inlet tubes are
provided at the ends of the cylinder. The gas efIluxes through
the optical entrance and exit slits. The data, which are
preliminary in nature, show that multiple reftection operation
is auained. Under the experimental conditions employed,
approximately 20 reflective paths were achieved. This is
somewhat short of the expected path numbers calculated
from theoretical considerations. An additional publication
is planned to describe these experimental results.

Monochromator. The monochromator uti1izes a Bausch
and Lomb replica grating, 2540 lines per inch and blazed at
1790 cm- I • It is used in the first order. The wavelength
cam was constructed in accordance with a computer-derived
design to produce a recorded output which is linear in fre­
quency. Based on a comparison of spectra with precise
measurements by Erley and Blalc:e (12), accuracy of the
wavelength scale is estimated to be within 0-20 cm- I in the
1000 to ISOO cm- I region. An error of 100 cm- I may
occur in the 3000 cm-' region. While some improvement
in wavelength scale accuracy is desired, this is not a serious
limitation in gas chromatographic applications.

Slit construction is based on well established designs; the
entrance slit is fixed and only the exit slit varied as the wave-

(11) M. J. E. Golay, "Sixth International Symposium on Gas .
Chromatography and Associated Techniques, Rome, Italy,
Sept. 20-23, 1966," A. B. Littlewood, Ed.,lnstituu: of Petroleum,
London, 1967, p 333.

(12) D. S. Erley and B. H. Blake, "Infrared Spectra of G..... and
Vapors," Vol II-(jratiog Spectra, Dow ChemiA:al Company,
Midland, Micb., Man:h 1965.
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Figure6. Chromatogram of f1,e-eompooeat bIeod

PcridD-~ Model 226
50 ft X 0.01_ LeI. coI...,-sq__ted

F1DW rate 4 .,)/lIU 01 bd1aIII
CoI_ T_.....l1ft -40'C
Sample size, 3.0 ,.J
Sample splitter _
AltenaatJoa X156

length intervaJ is scanned. High pass interference /lIters
effectively prevent radiation of undesired orders from reaching
the detector. These filters, four in number, are inserted
sequentially at 2.4, 3.S, 6.4, and 9.0 microns. A rapidly
operating solenoid-actuated rotary stepper is employed
for filter insertion. A small recognizable signal may occur
at filter change intervals.

Detector. The detector, which is refrigerated by liquid
helium, is an impurity-activated type (/3) manufactured by
Texas Instruments, Inc. The germanium-mercury detector
selected had been developed for the 700 cm-t..12SO cor'
region. No degradation in response is experienced at fast
chopping frequencies. The order(s) of magnitude greater
for D· of this detector as compared with a thermocouple
provides a significantly improved signal-t(H\olse ratio.
Low noise spectra are observed as shown in Figurei 4-10.
Initially, some problems were encountered with loss of
liquid helium but these were shortly overoome after storage
and transfer facilities were improved.

The detector employed initially and with some success
was a Golay unit (/4) with its acoustic chamber filled with
helium in order to decrease response time. The only problem
encountered was the presence of occasional spurious signals
attributable to microphonism of the detector. This problem
was overcome by incorporating a pneumatic baIIastina

(13) Henry Levinstein, "Applied Optics and Optical Ensioeerina."
Vol. 2, R. Kingslake, Ed.. Academic Press, New York, N. Y.,
p311.

(14) H. A. zahl and M. J. E. Golay, /liD. Sci. Inslrwm. 17. 511
(1946).
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Figure 7. A. Spectra of acetaldehyde
B. Spectra of furao

fcature. This feature was not available until after our
investigations were concluded.

Polystyrene Spectra. The quality of the speclral data is
indicated by the polystyrene spectra in Figures 4 and 5. These
spectra were measured at scan speeds of 20 and 5 seconds,
rcspectivcly. It will be noted that the 2O-second scan gives a
well resolved spectrum of grating quality. By comparison, the
S-second scan spectrum is inferior in resolution and also
shows slightly lowered band intensities. In practice, the 5·
second scan would usually be used in SCOT column work and
a slower scan up to 2Q seconds might be employed with
packed column separations.

Operatioa of the Spcctrometer/Cbromatograph. SCOT
CoLUMNS. In our work a Perkin-Elmer Model No. 226
chromatograph was used in SCOT column work. This was
filled with a Gow·Mac microthermal conductivity detector.
The connection between chromatograph and spectrometer
consisted of a short, heated tubing of 0.02·inch i.d. To
measure the infrared spectrum of a GC peak, it is desirable to
know at what time the infrared cell contains most of the GC
peak. By trial and error, it was found that this occurs al

approximately 3 seconds after the GC peak reached its max­
imum height. Accordingly, each pcak scan by IR would be
started after Ihis 3-seeond interval.

The volume of the infrared sample cell (I ml) fits it to
handle SCOT column fractions in an ideal manner. Typical
SCOT column conditions provide a separation which ap­
proaches capillary column in efficiency. Mixtures arc
resolved as fairly narrow peaks thoI arc 5 to 30 seconds in
width. A 15·second peak width may be considered as
about average. Thus, at a typical careier gas flow rate of
4 ml per second, most of an average peak can be collected
. (15 see )
In the l-ml gas cell 60 sec X 4 ml = I ml .

A 50-foot squalane column of 0.02·inch inside diameter
provided fractions for the infrared. One to three microliter
samples were injected to the chromatograph and the 100: I
splitter was used. The 100:1 splitter allows 1/100 of the
injected sample to enter the analytical column when that
column has a diameter of O.OI-inch. A much larger pro­
ponion of a sample enters a 0.02-inch column such as em­
ployed in this work. Measurements of peak areas observed
with and without the splitter indicated that approximately

Figure 9. Spectra of ethyl acetate
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Figure 10. Infrared spectra of edJyl acelllte u GC fractloa

one fifth of a sample enters the column. This fractional
value was used in calculating the amount of sample observed
in the infrared spectrometer.

PACKED CoLUMNS. A Perkin-Elmer Model F-II chro­
matograph was connected to the spectrometer for packed
column experiments. This connection was the same as
thai used for tieing in the Model 226 chromatograph. Experi­
ments with the packed column were carried out as described
for the SCOT column.

RESULTS AND DISCUSSION

Spectra of SOOT CollIII\JI Fractloas. The chromatogram
in Figure 6 shows the mixture that was used to evaluate the
spectrometer. Il consists of a fiveoComponent blend con­
taining twenty liquid volume per cent each of acetaldehyde,
furan, ncetone, I-hexene, and ethyl acetate. Spectra were
measured for I and 3 1'1 of injected sample. This gave levels
of 30 and 90 I'g for each component to be measured. Spectra
are discussed in the order ofelution from the chromatograph.

ACETALDEHYDE. Two spectra are shown in Figure 7A.
Il will be noted thai 93 I'g of sample resu!led in 0% transmis­
sion for the carbonyl band at 17g0 em-' and near 0 % in the
2900 cm-' carbon-hydrogen region. A number of other
bands are also observed. Most of these bands can be seen
for the smaller sample of 31 I'g. The 1780 em-I band is
quite intense and it is apparent that this band would be
measurable for a substantially smaller amount of material.

FURAN. Spectra in Figure 78 show furan for 38 and 114
I'g of sample. The weak carbon-hydrogen band at ~325O

cm-' agrees with Erley and Blake (10) whose spectrum
No. SO indicates it to be a weak absorber. Numerous
other bands are observed with the most intense one at 980
cm- I • It can be estimated that this band would be observed
at a level of 10 I'g.

ACETONE. Spectra for 32 and 96 I'g of acetolle are shown

in Figure 8A. This spectrum shows three intense bands
at 1750 em-I, 1330 cm-I, and 1200 em-I. The two latter
bands would probably be apparent for 10 I'g of aoetoDe,
whereas the carbonyl band at 1750 an-' would be noticeable
for considerably less than 10 1'8-

I-HEXENE. Figure 88 demonstrates the mcasunment
of an olefin which is a weak absorber. The characteristic
double bond band at 900 an-I is observed for 27 I'g ofsample
and it would appear that a fairly intense band would occur
for IS I'g of the compound.

EllIYLACETATE. As shown in Figure 9, ethylace18te is
readily observed at 36 and 108 I'g. Even at 36 I'll. the
carbonyl band at 1770 ern-I as well as the ester baod at
1210 cm-' are very intense. It is apparent that the bands
would be observed at a level of 3 I'g.

Spectra of Packed ColIllllllO. Principal effort bas been
placed upon the role of SOOT column gas chromatography
because the superior resolution offered by this technique
provides an optimum capability for the infrared spectromeier
to perform as an identification tool. 1be spectrometet
also works well with a packed column chromatograph,
however. In packed column chromatography peaks are
relatively wide and there is ample time to obtain Olle 01' several
spectra if desired. More material is also available than in
SOOT column work. The manner in which the spectrometer
functions is illustrated in Figure 10. One microliter of
ethyl acetate was charged to a chromatograph having a· 20­
foot, O.l2S-inch o.d. column packed with 20% K 1540 on
chromosorb. As the peak eluted, eight successive five­
second scans were taken. Alternately numbered scans are
.shown in Figure 10 as they were measured. It will be noted
that intense spectra were recorded. Scan 8is not shnwn
but its spectrum was weak, indicating that sample was quickly
swept Crom the cell as the end of the peak was reacbed.
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CONCLUSION

The infrared spectrometer described herein can provide
good quality spectra of gas chromatographic fractions at
levels of 20 micrograms or more. Frequently, observable
bands occur at the microgram level. Variable scan speeds
of 5 to 20 seconds and the small sample eell allow the spec­
trometer to be used with either SCOT or packed columns.
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Simple and Inexpensive Electronic Conductivity Manometer for
Monitoring Pressure Changes

Application to Pressuremetric Titrations of Iodate and Ammonium Ions

D. J. Curran and S. J. Swarin

Department of C"~mistry, University of Massachusetls, Amherst, Mass. 01002

And in the second case:

Br- + 20H- - BrO- + H,O + 2.- (3)

2NH.+ + 3 BrO- - N, t + 3 Br- + 2H+ + 3H,0 (4)

where L is the conductance, R is the resistance, L, is the spe­
cific conductance, A is the area of each electrode, and d is the
distance between the electrodes. Since, for rectangular elec­
trodes, the area is the product of length (I) and width (w),
Equation 5 becomes:

PRINCIPLE OF OPERATION

In 1926, I. B. Smith (10) described a Iiquid·level detector
based on the conductivity bridge principle. By placing two
pairs of identical platinum electrodes in the arms of aU-tube
manometer containing an electrolyte, and placing the resis­
tance between each pair of electrodes in a Wheatstone bridge
circuit. it was found that the difference in the height of the
liquid in the two arms could be determined. Smith's work
was based on the conductivity equation:

(6)

(5)
1 L,A

L=- =-
R d

I L.·I·w
L=-=--

R d

a muhirange capability and a high level dc output suitable for
recording. 11 appears to be suitable for use in all of the
applications cited previously. Modular construction has
been utilized to take maximum advantage of the economy and
versatility of commerciaUy available electronic units. We
have demonstrated the applicability of this instrument as an
cnd-point detection device in pressuremetric titrations of 14.33­
and 1.433-mg samples of iodate with hydrazine sulfate and
4.737- and 0.4737-mg samples of ammonium ion with electrD­
generated hypobromite. In the first case nitrogen is generated
according to:

10,- + SI- + 6H+ - 31, + 3H,0 (I)

2J,+N,H.·H,s0.-N, t +SO.'-+6H++41- (2)

(10) I. B. Smith,!. Opt. Soc. Amer.• 12, 6SS (1926).

A novel pressure transducer system based on the
electronic monitoring of the electrolyte level in a
manometer with linear conductance circuitry has been
developed. The Instrument has a multi range capa­
bility and a hl~h level de output. It is simple in design
and constructIon and can be built with readily available
electronic units. Its response to the quantity of gas
generated in a closed system is linear to within 2-4
parts per thousand. It has been applied to the pres­
suremetrlc titrations of iodate with hydrazine sulfate
and ammonium ion with electrogenerated hypobro­
mite. Accuracies and precisions of a few parts per
thousand have been obtained, down to the concentra­
tion level where only 12 "moles of gas are evolved.

IN RECENT YEARS there has been renewed interest in the applica.
tions of pressure measurements in chemistry. This undoubt­
edly is due to the availability of accurate, sensitive, and precise
modem pressure transducer systems (I). Typical applications
of these instruments include: monitoring gas evolution or
absorption in reaction kinetics (2-4), end point detection in
pressuremetric titrations (5, 6), and monitoring analyticai
hydrogenations (7-9). Simple, inexpensive transducer sys­
tems arc commercially available, but they lack multi range
capability. Systems possessing the latter feature are also
commercially available, but at a considerable increase in com­
plexity and cost.

The manometer has always been a common instrument for
pressure measurements because of its simplicity in principle
and construction, and its Jow cost. However, manometry
requires numerous readings and constant operator attention.
As part of our studies of applications ·of pressure transducers
in chemical analysis, we have developed a simple and inexpen­
sive pressure transducersystem, based on 8U~tube manometer,
which is sensitive, precise. and compact. This 'instrument has

(I) D. J. Curran. J. Chtm. £doc., 41, A46S (1969).
(2) L.R. Mahoney, ANAL. CHE"., 36, 2516(1964).
(3) T. G. Traylor and C. A. Russel, J. Amer. Chtm. Soc.• 87, 3698

(196S).
(4) W. K. Rohwedder,!. Colal., 10, 47 (1968).
(S) D. J. Curran and J. L Driscoll, ANAL. CHEM.. 38,1746 (1966).
(6) D. J. Curran and J. E. Curley, ibid., 42,373 (1970).
(7) A. Reuter,Z. Anal. Chtm., 231, 3S6(1967).
(8) D. J. Curran and J. L. Driscoll, ANAL. am.... 42, 1414 (1970).
(9) D. J. Curran and J. E. Curley, ibid.• 43, 118 (1971).
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(9)

P,

and k - 2. 10 either case, Equations 6 and 7 can be com.
bined to yield:

(8)

where Xl is a constant combining L., w, d, p, g, and k. Thus,
the conductance is linearly related to pressure changes in the
manometer.

In 1963 C. F. Morrison (II) reported the first linear con­
ductance circuit using operational amplifiers. This circuit
was based on the simple inverter amplifier where:

R,
eog, = - eh" RIa.

Here e~. is the output voltage, e,o is the input voltage, R, is
the feedback resistance, and R,o is the input resistance. If
e,o and R,are constant and R,o is the resistance of the conduc­
tivity cell, then

Figure 1. E1edrolyte-ftlled manom­
eter

Initlal level of manometer Quid
Final level of manometer fluid

E Conductivity electrodes

Thus, the resistance is inversely related to the length of the
electrodes immersed. Although Smith gave no data on the
measurement of pressure with his special manometer, it is
obvious that this is possible since the pressure difference
between the arms of a manometer is given by:

where p is the density of the manometer liquid, g is the accel­
eration due to gravity, and" is the height difference between
the two arms of the manometer. Figure I shows the rela­
tionship between" and I for the case where only one pair of
electrodes is used. Since the electrode assembly occupies
some volume, I is greater than 1'. However, if the horizontal
cross-sectional area of the electrode assembly is constant in
the vertical plane, then the volume of electrolyte displaced by
the assembly must be proportional to the depth of immersion
of the assembly, and hence II = kl. For the case in which the
volume displacement of the electrodes is negligible, I = I'

(10)- X,L'o
I

COU' = - K'I;­
R,o

where X, is a constant and Llo is the conductance. A modi­
fication of this circuit utilizes a differential design so that any
initial conductance can be nulled (/2, I).

We report the construction of suitable linear conductance
circuitry using operational amplifiers and its application to
liquid-level detection in a manometer, in order to obtain a
pressure transducer system with linear output. The circuit,
shown schematically in Figure 2, consists of an alternating
current source (sine wave osciUator), an impedance isolator
(voltage follower), and a signal conditioner (linear conductance
monitor with null offset). Amplifier 2 is an amplitude stabil­
ized Twin-Tee Sine Wave Generator (101) which produces a
very pure sine wave when Rj2 is properly adjusted. 10 this
application, a SOD-Hz 18-volt peak-ta-peak sine wave is pro­
duced. This signal is then attenuated to I-volt peak-to-peak
and impedance isolated from the signal conditioning circuitry

(II) C. F. Morrison, ANAL. CHEM.. 35, 1820(1963).
(12) G. W. Ewin8and T. H. Brayden,Jr.. ibid.. 35, 1826(1963).
(13) T. R. Mueller, R. W. Steimer, D. J. Fisher, and H. C. Jones,

ibid., 37, 13 (1965).
(14) Tektronix, Inc., Beaverton, Ore., "Operational Amplifiers and

Their Applications", p 6-2 (1965).

(7)P, - PI = til' = pgll

Figure 2. Schematic diagram of pressure traDs­
ducer system

R'f

%
To Osc Manometer

<R",l

R'f

Output
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Scope Mclnometer llneoir COn(JIK I.3f'ICC
O",lp,.tl *AC Output

Figure 3. Circuit diagram of pressure transducer system
Starting .tll\'Ound, the Heath EUW-19A .mplili.... hay. pins numbered c10ckwlse as 4, 5, 1,2, and 3.
The)' are, respecdYely: ground. nomnverting input, inverting input, balaDce supply I and output

If R/ = R/ = R, - R

C~. - ."R [UJ - G-')] = ."R(L.. - L.) (13)

Following this amplification, the output signal of Amplifier 4
is reetified and filtered so that a high level dc output is pro­
duced. Thus, the output of the instrument is proponional to
the conductance across tile manometer electrodes, L.., accord·
ing to:

by a voltage follower (Amplifier J). Tuning of the wave shape
and amplitude is accomplished through oscilloscope connee·
tions placed after Ihe follower. Alternalively, the potentiom­
eters Rj2 and R% could be replaced by fixed value resistors.
This would improve the reproducibility and ease of tuning and
adjusting the alternating current source, but would decrease
the overall flexibility of the instrumenl.

From Amplifier I, the sine wave is applied as the excitation
signal for the manometer electrodes (cell resistance = Rm) and
for the null adjust potentiometer, R.. Amplifiers 3 and 4
perform the function of a null ofTset linear conductance
monitor. Considering first the pathway through the ma­
nometer, the signal developed at point A is given by:

(R/)
C~~ = - CI. R.. (11)

Now considering this signal as an input 10 Amplifier 4, along
with the signal developed through R.. we obtain:

. [( R/)(R/) JR/O)]eou~ c; - - el. Ii: Ii; + (el_, R" (12)

Table J. Components for Figure 3

01 IN4002 Texas Instruments
02 IN 538 Texas Instruments
Z 9.0 Volt, I-watt Zener diode
CI 0.0022 ~F. 107.. paper
C2 0.0017 ~F. 107.. paper
C3 0.22 ~F, 107.. paper
RI 154 KII All are 'I, WBIl. 17.. carbon film
R2 1000
R3 1 KO
R4 IOKO
RS 100KIl
R6 I Megll
R7 2OKO
R8 100KO
R9 2OOKO
RIO 3OOKO
Rll 992KO
R12 3.9 KO
PI looKn, 0.5% linear. I()..tum wire wound potentiometer
P2 10K!}, 0.5% linear, I().turn wire wound potentiometer
P3 250Kn, 10%. 2 watt carbon potentiometer
FS Function Switch, ceramic rotary, SPST
GS Gain Switch. ceramic rotary, 6PST
MS Meter Switch. ceramic rotary. SP6T
M 0-50 ~A meter. Lafayette Radio No. 99-R-5042

trodes SO that the initial output is zero, provided there is no
phase shift in the manometer and the phase shift through Am·
plifier 3 is exactly 180'. To improve this null adjusting ca·
pability, a variable capacitor may be added in parallel to R.
in order to null any initial capacitance of the conductivity cell.

._... - .,.RK(L.. - L.) (14)

where X is a constant to take into account the ac to de con·
version. Since from Equation 8, the conduclance is directly
related to the pressure change sensed by the manometer, the
nutput vnltage is directly related to this pressure change.
The potentiometer R.. whose conductance is L.. can be used
to oJI'set any initial conductance across the manometer elee·
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EXPERIMENTAL

Apparatus. The complete circuit diagram of the pressure
transducer system is given in Figure 3; and the components
are listed in Table J. The Heath EUW·19A Operational
Amplifier System (Heath Co., Benton Harbor, Mich.) was
used. The components necessary to use these amplifiers in
the circuit described were wired in a blank chassis (Heath



Model EUW-19A-I) which is made to plug directly onto the
opcrational amplifier system.

The manometer used was a U-tube type constructed of 15­
mm i.d. borosilicate glass. Connections to the reference and
working pressure cells were made through' 12/5 ball joints
as shown in Figure I. The electrode assembly was filted to
the low pressure arm of the manometer by means of a T 29/42
inner member joint.

The electrode assembly consisted of two 5 X 100 X 0.076
mm sheets of platinum foil (E. H. Sargent and Co., Chicago)
which were each cemented to a 9 X 190 X 2 mm section of
glass plate using epoxy (2-Ton Epoxy, Devcon Co., Danvers,
Mass.). The e1eclrodes were mountc-d facing each other and
spaced 5 mm apart by cementing glass tubing between the
glass plates. Platinum lead wires were spot welded to the
tops of the elL'Ctrodes. This assembly was cemented into a
T 29/42 outer member joint for connection into the manom·
cler. The e1eclrical leads passed through the epoxy seal al
the top of the T 29/42 outer member joint.

Pressure signals for testing the linearity and reproducibility
of the transducer were supplied in two ways: a Sargent Model
C Automatic Constant Rate Buret with plunger driven as·
semblies of 50., 10-, and 2.5-ml capacities; and a hydrogen­
nitrogen coulomctcr designed according to the recommends·
tions of Page and Ungane (/5) and operated wilh a Sargent
Model IV Constant Current Source. The recorder, constant
temperature bath, submersible magnetic." stirring motor,
micrometer burets, potentiometer. and Ampot used in this
study have all becn previously described (6, 8).

Prcssurcmclric titrations were conducted in an·glass rc..
actors similar 10 those previously described by this laboratory.
For volumetric titralions, the reactor described by Curran
and Driscoll (8) was used. However, one of the microburets
had a short glass stem so it would not withdraw solution when
it was used to compensate the volume compression due to
titrant addition. For tilrations in which the titrant was
generated electrochemically, the modified H-cell described by
Curran and Curley (6) was used with a 12- and 25-cm' plati­
num anode nnd cathode, respectively.

Reagents and Solutions. All chemicals were reagenl grade
except as noted. Potassium iodate was primary standard
grade. Hydrazine sulfate was Eastman White Label No.
575. Triton X-IOO was obtained from Analabs, Inc. Lal>­
oratory distilled water which was redistilled from alkaline
pcrmanganatc was used for all solutions.

Manometer fluid was 0.50 X IO-'M in potassium chloride
and 0.03 wt % in Triton X·lOO. It was prepared byappro­
priate dilulion of n slock O.IOOM potassium chloride solution.
The surfaclanl was added to ensure smooth, frictionless flow.
It had no noticeable effect on the conductivity.

Stock potnssium iodate solution, 8.192 X to-'M, was pre­
pared by dissolving 0.8765 gram of the dried material in a sao­
ml volumetric flask. A 10·fold dilution of this slock solution
was taken as 8.192 X to-·M. Hydrazine sulfate solutions,
approximalely 1.0 and 0.10M, were prepared as described
previously (5). The phosphate buffer was prepared by mak­
ing a solution 0.5M in potassium monohydrogen phosphate,
then adding sufficient potassium dihydrogen phosphale to
bring the solulion pH to 7.2 as determined with a Corning
Model 7 pH meIer. The starch indicator solution was pre­
pared according to the procedure of Koltoff and Belcher (/6).

Stock ammonium sulfate solution, 2.642 X to-'M in am·
monium ion, was prepared by dissolving 0.8729 gram of the
dried material in a 5()().ml volumetric flask. A lQ-fold dilu­
lion uf this stock solution was taken as 2.642 X Io-'M.
Hypobromite was generated from an anolyte solution conlain­
ing to.o grams of sodium tetraborate deeahydrate and 200
grams of sodium bromide in 500 ml of redistilled water. The

Cl5) J. A. Page and J. J. Ungane, Anal. Chlm. Aeta.,16,17S(l957).
(16) I. M. Koltorr and R. Belcher, "Volumetric Analysis," 1st cd.,

Imerseience, NewYork,I957, Vol.IU,p2Oll.

pH of this solution was adjusted to 8.6 ± 0.1 (Coming Model
7 pH meter) by addina solid sodium hydroxide. In order not
to evolve a gas at the cathode in the pressuremetric work, a
solution which was l.OM in ferric chloride hexahydrate dis­
solved in 2.0N sulfuric acid was used as the cathodic de­
polarizer.

Cbeck Metbod., To determine the accuracy of the pres­
suremetric end-point technique, check analyses were per­
formed using the same samples, titrants, and buffers as used
in the pressuremetric procedure, but using a different end­
point detection method.

A. HYDRAZINE-IooATE. To a 25-mJ Erlenmeyer flask
were added 1O.()().ml of slock potassium iodate solution, 0.5
gram of potassium iodide, 6 drops of 18N sulfuric acid, nod
to.o mJ of phosphate buffer. Hydrazine sulfate titrant was
added from a microburet, with starch indicator added only
near the end poin\.

B. HYPOaRoMITE-AMMONtUM. To a 3O-mJ beaker, fitted
with a rubber stopper containing two platinum wire indicating
electrodes, the generating electrode, and the frit-isolated
cathode, were added 10.OO-mJ of stock ammonium sulfate
solution and 10.Q-ml of anolyte.. Hypobromite was gen­
erated coulomctrically; and the end point was determined
amperomclrically according to the procedure of Christian,
Knoblock, and Purdy (/7). Blanks were determined in a
similar manner using to.()().ml of redislilled water instead
of the ammonium sulfate sample.

Procedure foc Pressuremetric Fnd-Point DetectIoa. A.
HYDRAZlNE-IoDATE. Ten miUiliters of stock potassium iodate
solulion, 0.5 gram of potassium iodide, 6 drops of ISN sul­
-furie acid, and 30.0 ml of phosphate buffer were added to the
pressuremetric titration vessel. The two microburets, one
containing hydrazine sulfate titrant and the other empty save
for a plug ofwater to ensure pressure tightness, were fitted into
their appropriate positions with all joints well sealed with Dow
Corning High Vacuum Grease. The reference vessel, similar
in appcarance to the reactor vessel except holding 00 micro­
burets, was prepared by fiUing with the appropriate volwne of
water. The two cells were mounted on a ring stand; and the
submersible magnetic stirring motor was placed in position
under the titration vessel. The manometer, which had been
filled to the bottom of the eleclrodes wilh the manometer fluid,
was then connected to the cells and the ball and socket joints
secured with clamps. The cells, stirring motor, and manom­
eter were then immersed in the constant temperature bath
until only the open stopcocks, the upper sections of the
mieroburets, and the electrical leads to the manometer elec­
lrodes were above water. Electrical connection to the
manomeler electrodes was then made, and the amplifiers of
the pressure transducer system were balanced. The function
switch was then turned to the "on" position, aod the fre­
quency and amplitude of the alternating current source were
adjusted. The titration vessel stopcock was then closed and
stirring was begun. After a few minutes a steady pressure
base line was attained, indicating equilibrium. Generally,
four increments of titrant were added both before and after
the end poin\. After the addition of each increment of
titrant, the volume compression due to this addition was
compensated by wilhdrawing the plunger of the second micro­
buret. The output voltage was continuously monitored using
the strip chart recorder. When a steady recorder trace indi­
cated that equilibrium had been reached for a given incre­
ment, the output voltage was accurately measured with the
potentiometer. End points were obtained from the inverted
L-shaped tilration curves which result when the transducer
output in volts is ploUed os. microliters of titrant added.

B. HYPOaROMITE-AMMONtUM. Ten milliliters of stock
ammonium sulfate solution and 10.0 mJ of anolyte were added

(17) G. D. Christian, E. C. Knoblock, and W. C. Purdy, ANAL
CltEw., 35, 2217 (1963).
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Table n. Unearity aDd Reproducibility of Pressure Transducer System

Pressure ranse (nun Hg, 18use)
Apparatt' Actual'

144 6.30
88 3.84
44 1.92
14.4 0.630
1.2 0.315

No. of
detn

9
9
9
8
8

Plunser source
Reproducibility S"•• ~

of slope, %
0.41 0.22
0.26 0.30
0.48 0.26
0.51 0.25

ReproducibiJity
of slope, %

0.29
0.41
0.36
0.28
0.25

HrN, coulometer
SM6. % ------;moles gas

0.31 280
0.24 171
0.29 85.5
0.35 28.0
0.27 14.0

• Determined (rom moles of gas evolved and assuming constant volume.
.. Determined from the hcisht difference between the two arms of the manometer.

Table DI. Titration Results ..ilb Pressuremetric End Point Detection
No. of Rei std dey. Rei accuracy.·

Sample Tilrant Taken, mg' Found. mg decn % %
10.- N,H.·H.s<>. \4.33 ± 0.02 14.32 8 0.1 -0.\

1.433 ± 0.002 1.429 6 0.2 -0.3
NH.+ BrO- 4.737 ± 0.007 4.742 7 0.1 +0.1

0.4737 ± 0.0011 0.4746 6 0.5 +0.2

, Based on check method.

(IS)

to the anodc compartment of the titmtion vessel. To prevent
the solution from flowing into the cathode compartment,
sufficient catholYle was added so the liquid level of the calho­
lYle was higher than that of Ihe anolyle. All joints were well
greased, and the electrodes were fitted into their posilions.
The procedure from this point was identical to the previous
system, except that no compensation was required since the
titmnt was generated coulometrically.

RESULTS AND DISCUSSION

Table II summarizes the results obtained in teSling the
Iinearily and reproducibility of the pressure transducer
system. Thesc data were obtained over a one·month period
using both the automatic plunger drivcn pressure source and
the hydrogen-nitrogen coulometer. Dynamic condilions
prevailed; that is, the pressure was varied and the output
signal was recorded on a strip chart recorder. A least
squares computer progmm (Wang Calculator) was used to
obtain ~he statistical analysis. Sr' is the standard error of
estimate of y on x defined by:

S ~
XYI-O, Xy-o, Xxy....

N

where x and yare the coordinates, a. and 0, are the intercept
and slope, respectively, of the rcgression line, and N is thc
number of points. Thus S .. is a measure of the scatter aboul
the regression line;and has properties analogous to those of the
standard deviation. If lines parallel to the regression line are
constructed at vertical distances of I, 2, and 3 S r', then these
lines will contain 68, 9S, and 99.1% ofibe points, respectively.
The linearity and reproduCibility of the transducer system out­
put is thus within 3 to S parts per thousand on all scales.

In order to achieve continuous recording of pressure signals,
the "free manometer" technique of Goldstein was used (/8).
In this technique the manometer fluid is not levelled during a
reaction, and both pressure and volume are allowed to vary.
As a consequence, the volume capacity of the manometer is
substantially increased while sensitivity is usually reduced.
Thus it becomes possible to measure a total gas change much
larger than that by standard manometry; but small quantities

(18) A. Goldstein, Proc. Amer. Acad. Art. Sci., 71, 231 (1949).
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of gas cannot normally be deteclcd. However, a linear func­
tion between thc vollage output and the moles of gas evolved
(or absorbed) is maintained (See Appendix). By clectroni­
cally monitoring the liquid level in the manometer. small
quantities of gas can be detected and measured. Experi­
mental confirmation of the linear function between output
voltage and moles of gas evolved is given in Table 11; and
the last column of this table shows the quantities of gas
measured. It should also be noted thai since the volume of
the system is allowed to increase. the pressure inside the sys­
tem is considembly less that expected. Thus the apparent
pressure rnnge given in column 1 of Table II is the pressure
increase expected if the given number of micromolcs of gas
is evolved in a closed system wich no volume change. The
second column of this table gives the actual pressure increase
in the reactor as delermined from the height difference
between the arms of the manometer.

Full scale output of the transducer system is 33.0 volls dc
on the 144 and 14.4 mm Hg scales. The vollage-pressure
relationship on these scales is thus 0.229 and 2.29 volts/mm
Hg, respectively. On the more scnsitive scale, the smallest
significant vollage signals that could be distinguished was S
mY, based on the practical considemtion that the mechanical
vibration of the water bath stirring motor imparted a ripple
to the surface of lhe manometer fluid causing an uncertainty
in voltage readings on this scale of ±2 mY. Thus the pressure
sensitivity of this instrument is 2.2 X 10-' mm Hg, which
corresponds to the evolution of 4.2 oanomoles of gas.

Table III summarizes the results of volumetric and coulo­
metric titrations utilizing the prcssuremctric end-point tech­
nique. The theorelical basis of this technique has been pre­
sented previously (5, 6). Briefly, it involves monitoring the
pressure change in a closed system due to the evolution (or
absorption) of a gas by the reaction of analytical interesl.
The precision and accumcy of the pressuremetric technique
using this transducer system is a few parts per thousand.
Titralion curves for the titration of 4.131- and 0.4131-mg
samples ofammonium ion with electrogenerated hyprobromite
are shown in Figure 4 as an example of the method. In
contrast to the work of Curmn and Curley (6), a cathodic de­
polarizer which did not evolve a gas was used (Fe" +r­
Fet+). This led to less uncertainty in the intersection of the



• Total output ~ 18.1 volts.
'Slopes for coulometric titratioos in V/~eq.

• Total output ~ 14.3 volts.

Least Squares ADalyallI of TItnltlon Curveo

A

2'h OJ 20Cl 300 400 ~ 6ClO 7QO 800 900 lOCO

GU£RATlQN Tll'-'t:. SEC

18

"

12.2'
10.5
9.7

After cod point

0.0001
0.0002
0.0001

Slope, V/~I S... mV

-0.0001 3.3-
0.0002 4.7
0.0001 7.8
0.0000 7.6

17.8'
28.5
28.5

0.0189'
0.0190
0.0186

Before cod point
Slope (V/~I) S... mV

0.1624 19.5-
0.1599 2.1
0.1601 29.2
0.1576 12.2

Table IV.

Hydrazine:
Iodate

Titration

I
2
3
4

Hypobromite:
Ammonium

I
2
3
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(3)

(2)

(1)P,V, = n,RT

P, = P, + pgh

where the subscript i refers to initial conditions and the sym­
bols have their usual significance. If a gas is generated or
absorbed,

Recording of the liquid level in a manometer is facilitated if
the fluid is not levelled during a reaction. Furthermore, the
errors introduced by the levelling procedure are avoided.
Goldstein has called this procedure the "free manometer"
technique (/8), and he has derived the appropriate equations
for a Warburg apparatus in which both pressure and volume
are allowed to vary. The following derivation is more general,
applying to all manometric readings. However, for simplicity
it is assumed that the solution and gas phases are ideal and that
the manometer fluid is saturated with the gas of interest.

Initially,

where the subscript/refers to final conditions and n, = n, ±
!»t. In the case where a gas is evolved in a closed reactor to
which a fluid manometer is attached, the pressure in the system
increases by an amount dependent on p, the density of the
manometer fluid; g, the acceleration due to gravity; and h,
the total height difference between the two arms of the ma­
nometer (Figure 1). Thus,

increase the sensitivity of the instrument to 6 X 10-' mm Hg.
However, even without modification this instrument fil1s the
need for a multirange, dc output pressure transducer system
which is simple in principle and construction and low in cost.

Figure 4. Pressuremetric titration curves of IIIDIDOIIium iolI
witb eleclrogeoerated bypobromlte

A. 10.00 mI of 2.642 X 10-'M NH. +
Left ordinate
Generation time X 0.1 = _niY

B. 10.00 mI of2.642 X 10-'M NH.+
Right ocdloate
Generation time X 0.01 = _01.

two titration curve segments and improved accuracy and
precision.

Normally, four increments of titrant are added both before
and after the end point. However, to permit a least squares
analysis of the titration curves obtained with this transducer
system, some titrations were performed with the addition of
eight increments of titrant both before and after the end point.
Table IV shows the results of this analysis. Of particular
interest is the stability after the end point where a gas is no
longer evolved. These lines are virtually horizontal; and the
S., ranges from 3 to 12 mV out of approximately 18 volts
total output.

At high transducer sensitivities, fluctuations in ambient
pressure and temperature had an effect on the stability of the
signals measured. Particularly bothersome were gross pres­
sure fluctuations produced by opening and closing the labora­
tory door. A reference volume was attached to the ma­
nometer; and pressure signals in these titrations were recorded
vs. this closed reference rather than t'S. ambient conditions.
Sincc the volumetric displacement of the manometer was
limitcd by the fixed reference volume, the resulting output
signals were lower. However, it was found that if the refer­
ence volume is large enough (approximately 50-100 cm'), the
linear function between voltage output and moles of gas
evolved is maintained.

CONCLUSIONS

In this paper we have presented a simple and inexpensive
pressure transducer system for use in chemical analysis. Al­
though the pressures measured must be corrected for the vol­
ume of manometer fluid displaced, the instrument does pro­
duce a high level dc output which is a linear function of the
moles of gas evolved or absorbed in a closed reactor system.
Therefore it is suitable for use in reaction kinetics, analytical
hydrogenations, and pressuremetric titrations. If informa­
tion is desired on the total number of "moles of gas evolved,
a simple calibration with a hydrogen-nitrogen coulometer is
required. We have demonstrated the applicability of this
instrument as an end-point detection device in pressuremetric
titrations of milligram samples of iodate and ammonium ion.
Excellent precision and accuracy is obtained, even at the con­
centration level where only 12 "moles of gas are evolved.

It has been observed by Smith (10) and confirmed in this
laboratory that the conductivity electrode technique is capable
of detecting a change of 30 l'inches in the liquid level in the
manometer. Thus the construction of a suitable capillary
manometer of dimensions outlined in the Appendix should
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h [P,Tr" + k'V,pg + pglr,'hl = f>nRT (6)
k'

SubstilUting the following constants: p = 1.00 g.'rm', g ~ 980
cm/sec',1r = 3.14, and P, = 1.01 X 10' dynes!em' (76/J mm
Hg)

However, the volume of the closed system also increases by an
amount dependent on .".,2, the cross-sectional area of the
manometer and 1', the length of the column of water displaced.
Thus,

VI = V, + 7:,'1'

lt has been previously shown that h = kl, so h
substituting in Equation 2

other two. For the manometer system used in this work,
, = 0.75 cm, VI = 50 cm', and k' ~ 2.22

h/2.22 X 10'[1784 + 109 + 1.73 ill = t>nRT (8)

and the third tccm is less than 0.9% of the sum of the other
two if h is less than 10 em. Thus this term can be dropped
and the height difTcn.:ncc between the two urrns of the mu­
nometer is linearly related to the moles of gas evolved.

From Equation 4 it is secn that if r is small enough, the
volume change: caused by the mOVemenl of Illanomeler nuid
is negligible. Thl'n VI=- Vi and the prcs!lourL' l.:hangl' I1lcasurcd
in th~ manometcr is 1I Iru~ difkrenli.II prn~LJl'l" i,C', it dUL':-'
not havc to be corn.'Cll'd for the volumc change, A sil1lplL' cal­
culation shows that if VI is approXil113lt:ly 50 1:11\\ r would
havt: to be 0.10 em or less. But the plal"l~mcnt of condul'tivity
electrodes in a manometer of this size would bl' quite dilJieull.
However, a suitablL' compromisl' between V" r. nnd sen~ilivit)

should be possible.

(4)

(5)

k'l' and

= (n, + f>n)RT( Tr"It)(P, + pgiJ) V, + "k'

It/k' X 10'[3171,' + 0.980 k'V, + 3.080 ,'ill = !1nRT (7)

The relationship between hand t>n will be linear if the third
term in the brackets is negligible compared with the sum of the

RrCHVED for rl'view Sl:ptl'mbcr M, 1970. ACCl,'plCd D..:cembcr
1.1970. Thanks an: dUl: to thl: Analytical Chemistry Division
of the Aml'rican Chemical Society for the Anacon Summer
Fellowship awarded 10 SJ.S.
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Near Optimum Computer Searching of
Information Files Using Hash Coding

Peter C. J urs

Di'pilTlmenl of Cllemis/ry, Tile Penn.~)'lrania SIOIl' Unirersil)'. Unirersily Park, Po. 16802

The technique of hash coding has been applied to
searching Information files similar to those used in
spectrometry laboratories. A discussion of several
searching strategies, including the optimum one, is
presented, and It is shown that hash coding yields
nearly optimum matching algorithms for which search
times are independent of file size. Two algorithms
using hash coding have been implemented; the results
of experiments with these algorithms are presented.
The first algorithm matches blocks of unknown 16·bit
spectra to a file of known spectra at the rate of approxi·
mately 20,000 spectra per second, Independent of the
number of unknown spectra being matched. The
second system emplors a double hashing procedure
to search a data file 0 20,000 spectra for one unknown
at a time and verily Its presence or absence In 40 milli·
seconds, on the average.

EXPERIME"'"AL SITUAnoNS routinely arise in which it is nl"CCS­
sary to match an unknown sJ)t.'Ctrum to a liIe of known spectra.
Several inVl'stigations which deal with the problem of com­
puter searching of infrared spectrometry files have been re­
POrtL-d. Anderson and COVl'rt (I) reportL-d asystem using an
IBM 7080 computer with magnetic tape input which could
search 167 spc'Ctru per sL'Cond. Erley (2) packL'd the words
within the romputer's memory anI! used logical operations to
make the nL'CL'Ssary comparisons. His system was developed
with an IBM 1130 using a disk input. and it could process 1000
spectra per second. Lytle (3) used an inverted file of IR

(I) D. H. Anderson and G. L. Cover!. AN4L. CHlM.. 39, 1288
(1967).

(2) D. S. Erley, ibid., 40, 894(1968).
(l) F. E. Lytle. ibill.. 41, 355(1970).

spectra and developed a system which could search 1000
spl.'Ctra per Sl.'Cond using a 500 card per minutl' card rcadl'r
for input. This invertcd file system suffers from the disad­
vantages that Ol:W spectra cannot be added to the file as
conveniently as with the other systems and that only one
search can be performed al a lime. It can. however, find
ncar matchL'S relatively easily. Lytle and Ilrazie (4) have
more recently reporlcd a system which useS compresSl.-d IR
spectra to obtain search rates of 333 spectra pcr stcond with
4S·bit spectra on a small laboratory computer. They also
usc statistical data compression to dcvdop a system on a
XDS Sigma 5 computer using disk input which can process
18000 16-bit spectra per second. These 16·bit spectra do not
contain all the information present in the original spectra,
however.

A major drawback of most searching systems is Ihat the
search time is proportional to the number of members in thl:
file being searched. This paper discussL'S a method, both in
theon.~·tical and experimenlal terms, for which this limitation
is not prl'Sent. A nearly optimal searching strategy can be
developed by using hash coding to drastically reduce the time
necessary 10 search files of data, such as IR spectra.

The problem of exactly matching an unknown query word
to one of the members of a dictionary of words arises fe·
peatedly in information handling applications. The problem
of retrieving infrared spectra from a file of standard spectra is
only one example of such an application. The terminology
"word" for the query is used because the information, whether
it is an actual English word or a number or 8 spectrum, is

(4) F. E. Lytle and T. L. Brazie. AWoL. CHl-" .. 1532(1970).
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stoted in binory form in the computer memory ond con be
considered as n unit.

Let the dictionory of slondord dolo file conto in 2' members.
Eoch member, and, therefore, ony possible query word, con
be thought of as a b·bit binary number. The generol problem
is to detcrmine whether an unknown b·bit query is or is not a
member of the data set. If a match is found, then severol
courses of nction may be open; however, the basic problem
consists in determining if the query word is u member of the
dala set. This problem hos b<.'Cn lermed the exoet motehing
problem, nod it enn be broken down into five cuscs, depending
on the memory size, M, of the computer being used (5).

I. Optimum Cosc. A binary number made up of b bils
Ci\ll nssume 2b possible volues. Therefore, u memory which
contains 2b bits can store every possible b-bit number or spec­
trum U' as a "I" in the nppropriatc position, the wth position.
Then, given any query word W, it can be mutched to the dutu
set by merely checking to sec If the wth bit in memory is
turned on. This is the optimum case of the exact matching
problem in that only onc memory reference involving one bit
is nceded to verify the presence or absence of any query word
in the doto set.

II. Impossible Cose. The number of bits of memory
necessary to store the unordered data set is M = (b - a)2'.
Storage of the data set in this size memory is done by putting
the words comprising the data set in numerical order and then
computing their successive differences. Each spt.'Ctrum would
then require (b - (I) bits on the average, and the entire data
set would require (b - a)Z' bits. If M < (b - a)Z', then the
data set cannot be stored, and matching of query words to the
dOla file is impossible. The datn set must be broken down
into subsets, forming a new problem.

1II. Exhaustive Search. If the memory is large cnough
to store the unordered datil set, that is, if M = (b - a)2(1, then
exhaustive searching routines can be employed. These in·
volve sequentially looking through the data file until either a
match is found or the end of the file is reached without a
match. On the average, such exhaustive searching routines
require MI2 matches, or memory references, of b bits each per
query word.

IV. Logorlthmlc Sort. If M = bZ', then thc data sel enn
be stored in ordered (numerical) sequence. The search can
proceed by investigating half of memory, then a quarter,
then an eighth, etC. This algorithm requires at most u in·
spcctions of words, each requiring b bit-matches.

V. Hash Coding. If M = (I + f)b2', then hash coding
con be used (5, 6). The excess memory avoilabIe, f, de­
termines the average number of memory references per query
for matching. For the case of / = ., i.e., the memory is
twice os large as the doto set to be used, the number of memory
references will be less than two, on the average. This is very
close to optimum.

Hash coding is implemented in two steps. A filing 01·
gorithm is used to set up the data set in memory, and ace·
trieval ologrithm is used to perform the motches. Both
algorithms hove ovoilable for their usc a hashing algorithm
H(w,J). 11 uses two input porometers-w,the b-bit word being
filed or retrieved, and j, on integer. 11 produces one output
paromeler-on integer k = H(w,J). The integer produced
by the hoshing olgorithm is rondomly distribuled over the

(5) M. Minsky and S. I'apert, "I'erceplrons," MIT Press. Cam­
bridge. Mass., 1969, p Z19jJ.

(6) J. Flores, "Data Structure and Management," Prenliee.Hali.
lne., Englewood Cliffs, N. J., 1970, p 146ff.

lntcrvoll ~ k ~ m, where m is the number of words ofmemory
belna used for Itoro8" of the dolO set. Thus, the hashing
alaorlthm rondomly (but olaorithmlcolly) produces an in·
legtr, aiven the b·b1t word heina flied or retrieved ond on in·
teger}.

The tiling algorithm utilizes the hashing function in the
following manner: To file the w,th word of the dato sct, the
tiling olgorithm computes H(w" I). If the memory location
with this oddr... Is empty, then W, I. put Into it. If that
memory location i. occupied, then the procedure Is repeated
for H(w,2), If(w,3) , ... until an unoccupied rTIl.'1llory cell Is
found, ond w, is tiled there. Thi. process i. repeated for
011 the members of the dnto set. When the tiling algorithm
hos filed all the members or the dota set, then a frnetion of
the memory is filled ond the remainder Is empty.

To relrieve 0 query word w from the dolO set,the retrieval
algorithm computes H(w,I). If rTIl.-mory location H(w,l)
contoins w, 0 match has been found, and the algorithm
terminotes. If H(w,l) is emptY,then w Is not in the dota set,
ond the algorithm terminotes. However, if H(w,l) Is oc­
cupieod by some other word, thtn the .procedure is repeated
for H(w,2), H(w,3), ... until either an empty memory cen is
found or w itself is found. On the overlllll' the retrieYal al·
gorithm mokes very few memory references, sina: only a
fraclion of the memory is filled. (The actual number of
memory reference'S obtoined for 0 particular data set depends
on the fraclion of the memory which is filled and the method
employed for resolving conflicts, but not on the file si2e.)
Thus hash coding is very close to optimum with relatWdy
little excess memory.

(If on additional 2!' bits of memory are available, then the
scorch time can be lowered further by using bit-mapping of
the main doto set. This involves ossigning an e:xua bit to
each memory location ond setting that bit to I only if that
memory location is nonzero. Then, on the average., a query
word can be relrieved with 4 + b· 2'-' =:: 4 bit-refermces (S)..
Such bit mapping requires, of course, both bardware and
softwore which ollow trcatment ofsingle bits.)

The method of hosh coding con be su=ssfu1ly apptied to
the problem of retrieval of spectrometry data, such as infrared
spectro.

EXPERIMENTATION AND RESULTS

A filing algorithm and 0 retrieval oI8orithm for use ..itb
simulated sp.:ctra hove been fully implemented and tested
on the Pennsylvaina Stote Uni""",ity Camp_lion Center
IBM 3f1J/67. The hashing function H(wJ) used is hosed on
on 3f1J/Assembler language random nwnbe.- gme:ratioa
subroutine in the 3f1J/67 library. It uses the muhiplicati\"
congruentiol method of random number generation ...'bich is
widely employed; the method is discussed in detail in (7) and
(8). Any random number generator could be used; this
one hos been chosen because of ovailability and speed. 1be
remainder of the coding was done in fORTRAN IV. AU pr0­

grams are available to interested parties from the author.
A few modificotions and extensions of the bosic bashing

procedure described above are necessary for application 10

retrieval of simulated IR spectra. These are discussed in the
following parogrophs.

Digitin.od spectra can be non·unique for chemical n:ssoos

(7) W. H. Payne, J. R. Rabung, and T. P. 8ot;)'O, C_ dCM.
11,85 (1969).

(8) P. A. W. Lewis, A. S. Goodman, and J. M. MiIIer,IB,V~
J.,8, 136 (1969).
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Table I. Investigation 01 Hashing Procedure I
Average

Bits per No. of Spectra per memory

Trial spectrum blocks block f Matches Input device Time, sec references

1 32 10 2000 0.50 68 tape/disk 3.0
2 16 10 2000 0.50 68 tape/disk 3.0
3 32 10 2000 0.50 16 tape/disk 3.0
4 16 10 2000 0.50 16 tape/disk 3.0

Table II. Im·estigatlon 01 Hashing Procedure 2
Average:

Bits per No. of Spectra per Time per query. memory

Trial spectrum blocks block f Matches Input device sec references

16 40 500 I 64 disk 0.04 3.8
16 40 500 I 58 disk 0.04 3.6
16 40 500 I 24 disk 0.04 3.0

even though the coding schemes arc capable of representing
all the spectra uniquely. For example, Lytle and Brazic (4)
have pointed out that Sadlier Laboratories' Spec Finder data
files have some identical codes for different molecules. To
handle this possibility, the retricval algorithm must be allered
in the following way. During rclricval, when a match is
found, the search must continue until an empty memory cell
is found. This assurc., the relrieval algorithm of finding all
matches for w, not just the first one. This modification in­
creases the average number of memory references per query
word slightly. (The necessity of finding all matches lor each
query word would require modifications of the other matching
algorithms discussed in the previous section as well.)

The general discussion of filing and retrieval algorithms
using a hashing function above assumed that only the actual
word which is a member of the data set would be filed in
memory. Actually, any information could be put there.
For a file of inlrared spectra it might be desirable to file a
registry number with the spectrum itself, for example. Al­
ternatively, a list of pointers could be developed by the filing
algorithm to link the memory cells of the filed data with
data filcs outside the computcr. Thcn the retrieval algorithm
ntoed only report matches in terms of memory locations in
the filed data and the operator can usc this number to find the
matched spectrum (in a book, etc.).

The filing and retrieval algorithms discussed above havt
been extensively tested with simulated spectral data. For con­
venience the spectra used were 16- and 32-bit spectra; this is
totally arbitrary and the utility of the method is unrelated to
word size. Scvcrpl data sets of 20,000 spt.'Ctra were gencrated;
these were handled in subsets of 2000 spectra or less in order
to better simulate the method as it might be implemented on a
small laboratory computer. The IBM 360/67 utilized is in
a multiprogramming environment and therefore timing of the
algorithms is not accurate. The times do, however, give an
idea olthe speed of the method. .

The proccdurt."S were implemented corresponding to two
typical laboratory situations. Procedure I lreats· query
spectra in blocks of, say, 100. The individual data subsets
are input and searched in a scquential manner; input time is
the limiting factor lor searching speed. The time requirL'<!
for a search is almost completely independent of the number
of query words involved, since the operations carricd out
internally are so last compared to the input speed. Additional
spectra can be added to the data file by inserting them into
the existent subsets or by starting a new subsel.
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Table I shows some results obtained using a specific im­
plementation of procedure I. The 20,000 16- and 32-bit
spectra used were divided into ten equal subsets. Approxi­
mately I % of the spectra appear in the data set twice, in ac­
cordance with the possibility of non-unique spectra in IR
spectral data collections, as mentioned above. Each 2000
spectra were filed in a memory block of 3000 words, i.e.,f =
0.5. The query spectra consisted of 100 randomly chosen
sPL'Ctra with different sets used for trials 1 and 2 than for 3 and
4; the number of matches found is given in column 5. The
time necessary to do the entire prohlem was approximately
equal for either tape or disk input due to buffered input on
the system used. An average of 3.0 memory rcfer~nces was
required per query spectrum. In the form reported. this
system could be used on a smaller laboratory computer since
the memory requirements are not severe. Only 3000 memory
locations are used for the data file subsets. Thus, procedure
1 allows searching of a large data file lor a block of query
spectra in a very reasonable amount of time-up to 20,000
spectra per second-depending on lhe length of the spectra.

In procedure 2, query spectra are looked up one at a timt.'.
A double hashing method is employed. The data set is
divided into n subsets. To file the w,th spc'Ctrum, the filing
algorithm computes H'(w) = i, a randomly chosen number
i (I ::; i ::; n). Then the spectrum being filed is inserted into
the ilh subset by the usual hashing procc'<!ure. The retrieval
algorithm also works in two stages. Thus, only onc subset
of the data set need be accessed from storage for either filing
or retrieval of a query word. This substantially reduces the
amount of input which must be done during retrieval. Of
course, procedure 2 requires a random access input device
such as a disk or drum. This method is substantially superior
to the first one for very small numbers of query spectra since
it drastically cuts input time, which is the Iimiling factor in
the overall speed 01 the search. New spectra to be added to
the data set are inserted into the correct subset, which changes
the fraction 01 memory filled in that subset and, therefore, the
average memory refert:nccs per query. If a great many spectra
arc added to the data set, the filing algorithm must rework
the data set disposition with a larger number of subsets and a
revised preliminary hashing function H'(w) with the new ex·
panded range.

Table II shows some results obtained using the double hash
coding procedure. .The 20,000 16-bit spectra employed were
divided into 40 subsets of 500 spectra each. Once again, ap­
proximately I % of the spectra appear in the data set twice.



Each memory block is half full, I.e., each SOO spectra are
stored in 1000 locations. Three sets of 100 randomly chosen
query spectra were selected and matched to the data set with
the results shown. Line 1 shows that 64 matches were found
for the first set of query spectra and that 3.8 memory references
were required per spectrum. On the average, each query was
answered in 40 milliseconds. Line 2 shows the results for a
different set of query spectra, with S8 matches and 3.6 average
memory references; line 3 gives the results for a third set of
query spectra. Thus, it is secn that procedure 2 is very fast
for matching a few query spectra at a time to a large data file.
This algorithm has also been implemented in a form that
could easily be used on a smaller laboratory computer.

Some of the variables chosen for the investigations reported
in Tables I and II arc arbitrary. The fraction of memory used,
number of data blocks, and number of spectra per block can

be chosen to maximize efficiency on any particular computer
system. The values chosen here are typical in that they dem­
onstrate the methods. but they should not be considered as
optimum choices. The number of bits per spectrum used in
laboratory situations depends on the data involved; the
method of hash coding is not at all dependent on the word
size of the data set or query words, so convenience has led to
the use of 16- and 32-bit words in this work. To summarize:
the method of hash coding makes extremely fast information
retrieval algorithms for laboratory computers feasible and
makes the length of time to perform a search indcpendent of
the size of the file searched.

RECEIVED for review October 22, 1970. Accepted December
14,1970.

Teflon, A Noninert Chromatographic Support

John R. Conder

Chemical Engineering Department, University College ofSwansea, U.K.

Sorption by Teflon as support has been studied with
dl-n-nonyl phthalate as stationary phase, the liquid
loading being varied from 0 to 20%. A substantial
support contribution to retention Is observed for a
variety of both polar and nonpolar solutes. On a
6% loaded column more than 10% of the retention of
water and about 14% of that of n-hexane are attributed
to adsorption by Teflon. Retention and tailing effects
are distinguished with the aid of a two-site sorption
model. The Implications for chromatographic analysis
and physical measurement are described. In par­
ticular, absence of tailing should not be taken as evi­
dence of an Inert support: adsorption may still affect
retention.

"TEFLON" (Du Pont) (POLYTETRAFLUOROE1llYLENE) differs
from diatomaceous earth supports used for gas-liquid chro­
matography in giving a nearly symmetrical water peak and no
tailing with alcohol or amine solutes (1-3). This fact makes
Teflon supports very useful for separating highly polar mate­
rials, but is also commonly taken to imply that Teflon ap­
proaches the ideal of an inert, nonadsorbent support. An
"inert" support is one which adds nothing to solute retention
on the liquid stationary phase, and so can safely be used for
thermodynamic studies on the liquid phase or for identifying
peaks by their retention parameters.

If Teflon were inert to adsorption of polar solutes, it might
be expected to be inert also to nonpolar solutes. This de­
duction, however, conflicts with recent observations of sub·
stantial support adsorption of hydrocarbons by coated Teflon.
The stationary phases were di-n-propyl tetrachlorophthalate
(4), polyethylene glycol 400 (5), and squalane (6). In each
case, total retention was actually greater on Teflon than on
firebrick. Since adsorption is observed with such widely dif-

(I) C. Landault and G. Guiochon, J. Chroma/oBr.• 9, 133 (1962).
(2) D. M. Ottenstein,J. Gas Chroma/og'., I, 11 (1963).
(3) J. J. Kirkland, ANAL. CHEI>I., 35, 2003 (1963).
(4) J. R. Conder, unpublished mullS, 1966.
(S) M. B. Evans, and J. F. Smith,J. Chromatog,., 30, 325 (1967).
(6) W. Jequier and J. Robin, Choma/ogrophia,I, 297 (1968).

fering types of liquid phase and also since the activity co­
efficients of hydrocarbons in at least two of these pbases are
less than 2, the extra retention cannot be attributed solely to
Gibbs adsorption at the liquid-gas interface, but may be due
to adsorption by the support. Confirmation is provided by
Graham, who observed and measured the adsorption of par­
affins on uncoated Teflon in a static system (7). Extrapolation
of his data leads one to expect a contribution to hydrocarbon
retention of around several per cent from adsorption on Tellon,
depending on the nature and percentage loading of the liquid
phase. This suggests that other solutes, such as amines and
alcohols, may also be adsorbed by the support even when no
tailing is observed.

The present study was therefore undertaken to investigate
the adsorption by Teflon of different types of solute, including
both polar and nonpolar types; and to see wbether absenoe of
tailing is a sufficient criterion for supposing support adsorption
to be absent. The contribution of support adsorption to total
retention was measured by isolating it from the contribution
of bulk solution in tbe stationary phase. This was done by
varying the liquid loading and analyzing the results by a
method developed previously (8). Di-n-nonyl phlbalate was
selected as a representative stationary phase of moderate
polarity as distinct from the highly polar and nonpolar phases
of previous studies (3, 5, 6).

EXPERIMENTAL

Apparatus aDd Materials. The gas chromatograph was a
Phase Separations Model LC-2 with kalbarometer detector.
A mercury manometer was added to measure lbe line pres­
sure before the injector and a soap-bubble flowmeter with a
SO-mt volume was attached at the exit from lbe chromato­
graph. The recorder was a Servoseribe RE,Sll, and lbe car­
rier gas, hydrogen. Columns were constructed in stainless
steel tubing ofO.2S-inch o.d., all approximately 36 in. long and

(7) D. P. Graham,J. Phys. Chem., 69, 4387 (1965).
(8) J. R. Conder,J. Chroma/oBr., 39. 273 (1969).
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(3)(a)

~lime

(bJ

of 0.7-1.0 (H, 12) except where slighUy reduced by tailing
which obscured the symmetry of the normal peak (see Dis­
cussion). Correction for concentration effects (8) was there­
fore unnecessary. The retention data for DNP/Te were first
adjusted to a basis of exacUy 16.00 grams support in each
column and then plotted as (V"!VL) vs. (I!V,.) (sec data in
Table II). The points were best represented by straight lines
for each solute. K,. was obtained from the intercept and
K.,Ax from the slope. Precision was approximately: KL

±2%, K.,A s ±15%. On uncoated Teflon V,. = Oandso
KsAs was equal to the measured V",.

The activity coefficients, 'Y", of the solutes at infinite dilu­
tion in DNP were calculated from the equation:

PLRT
'Y" = MtKLpo

(9) 1. R. Conder, D. C. Locke, and J. H. Purnell, J. Phys. Ch,rn.
73,700(1969).

(10) D. F. Cadosan, J. R. Conder, D. C. Locke, and J. H. Purnell,
ibid., p 708.

Figure 1. Two types of asymmetrical peak: (a) tailed peak;
(b) skewed peak. Peaks are not to the same scale

Experimental conditions: (a) O.t "I water on 3-ft X '/.-in. n.d.
columno(uncostedTefloo,86 °c;
(b) 15 "I ac:etone on 3-ft X '/.-In. o.d. column of lZ% DNI' on
Chromosom G, about 75 'C

where K,. ~ molar partition coefficient for bulk solution
VL = volume of liquid phase
Kx = molar distribution coefficient for supporl sorp­

tion
Ax = effective surface area for support sorption.

The most useful form (8-10) of this equation for plotting is

where p,. is the density, and M,. the molecular weight (DNP =
418.6) of the stationary phase; R is the gas constant (= 6.236
X 10' ml mm Hg (OK mol)-'); T, the column temperature;
and pO, the vapor pressure orpure solute.

(II) J. R. Conder. "Progress in Gas Chromalography (Advances in
Analytical Chemistry and Instrumentation, Vol. 6)," J. H. Purnell,
Ed.• Wiley, New York, N. Y., 1968, P 209.

(12) J. C. Giddings and H. Eyring. J. Phys. Chern., 59, 416 (t955).
(13) C. J. Hardy.J. Chrorna'ogr., 2, 490 (1959).
(14) S. Evered and F. H. Pollard, ibid.• 4, 451 (1960).
(15) D. E. Martire, "4th International Symposium on Gas Chro­

matography," L. Fowler, Ed., Academic Press, New York, 1963,
p 33.

(16) D. E. Martire and L. Z. Pollara, "Advances in Chromatog­
raphy;' J. C. Giddings and R. Keller, Ed., Marcel Dekker,
New York, N. Y., 1966, P 335.

(17) D. E. Martire, R. L. Peesok, and J. H. Purnell, Na'aN!, 203,
1279 (1964).

(18) Differing values of As are given in Ref. 7 and in Leaflet FF­
124 Chromosorb T (Teflon 6), Jobns-Manville Inc., New York,
N. Y.

RESULTS

Values of K" and K.,A., determined on DNP/Te columns
having percentage loading in the range 2 to 20% arc presented
in Table I, together with K...A" for a column containing
uncoated Teflon. To provide some check on the measure­
ments the aClivity coefficients were calculated from the K I,

data and arc shown in Table I. The activity coefficients arc
in broad agreement with literature values (/3-/5), though
the latter arc mostly of doubtful reliability owing to either
use of diatomaceous earth supports with no correction for
support adsorption of polar solutes, measurement of initial,
instcady of peak, retention volumes (15), or use of a wrong
value of MI. (/3). Since low infinite dilution activity coeffi­
cients were observed for all but one of the solute'S in an only
moderately polar solvent, the possibility of significanl ad­
sorption at the gas-liquid interface is discounted (/6, /7)
and has been neglected in Equation l. Even for water, with
'YOO = 9.7, any interfacial contribution to retention is expected
to be less than the precision of the data.

Since As is not known with precision (/8) and may vary
wilh the solute if tine pores exist accessible only to small mole­
cules, no attempt has been made to separate K... from A.~.

Values of KsA.,po have been calculated, to eliminate the effect
of solute volatility on the adsorption coefficient and measure
only the specific affinity of the solute for the surface by pul­
ting all solutes on the same basis of relative pressure. Graham
(7) has shown lhat, for paraffins in a static system at tempera­
tures of 0 to 25°C, adsorption by Tenon is much faster than
absorption, and absorption can be taken as completely negli­
gible on the chromatographic time-scale. This can reasonably

(2)

(I)

coiled, after packing, to a diameter of about 3 in. The pack­
ing was prepared by adding di-n-nonyl phthalate (DNI')
(British Drug Houscs Ltd., "for gas chromalography").
dissolved in acetone, to 30-60 mesh Tenon-6 (Te) (from Phase
Separations Ltd.) so as to cover the support completely;
the solvent was evaporated in a stream of nitrogen with gen­
tle heating, the contents of the flask being swirled occasionally
to promote an even distribution of DNP on Tenon. Packing
of the column was facilitated by chilling the beaker containing
the packing in an ice bath. The solutes were each of the
highest grade of purity supplied by British Drug Houses Ltd.

Procedure. The oven temperature was 86 'C and the flow
rate at the column ouUet and at column tcmperuture 51-52
mlfmin. Liquid samples, 0.1 "I, were injected by syringe,
and the retention time was obtained by measurement on the
chart to the point of intersection of tangenls constructed at
the points of innection on the peak sides. Usually the mean
retention for 2 or 3 runs was obtained. The air peak reten­
tion was determined in a separate experiment for each column.

Calculation. It is assumed that the retention contributions
are independent and that .Gibbs adsorption at the liquid-gas
interfaee is negligible. The net retention volume is then given
(8) by:

which yields K,. as intercept and K.,A" as slope, provided V."
is measured at the same concentration (infinite dilution)
on each column of different· VL. That effective infinite dilu­
tion was achieved throughout was .shown by the skew Tatios,
~ ( = slope of trailing edge of peak + slope of leading edge,
at points of inflection). As indicated in Table I, values of
~ on DNPfTe were all in the linear chromatography region
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Table I. Rosulls Cor DNP{l'e and Uncoated T..

DNP{I'e columns Uncoated Te
~on

pO, nun Hg KsAs, XsAS/>' XsA., KsA&1Jo ~ at 6% U1ICOllted
Solute (86 'c) XL 'Y~ m1 X In-' ml X In-' loading Te

n-Hexane 1270 37.7 1.03 6.9 8.8 5.3 6.7 0.8 0.6
n-Octane 217.8 30.0 6.5 0.5
Toluene 357.0 14.1 5.0 0.5
ca. lOll 88.8 0.55 8.3 8.4 6.2 6.3 0.7 0.4
"-Bu-NH, 988.8 77.0 0.65 5.6 5.5 4.6 4.5 0.6 0.4
Acetone 1907 33.4 0.77 1.9 3.6 1.9 3.6 0.8 0.7
Ethanol 1023 28.6 1.68 1.4 1.4 0.7 0.7 0.8 0.7
Water 450.9 11.3 9.7 2.0 0.9 1.2 0.5 0.5 0.3
Air 0.6 0.7

• Mass of support in each column = 16.00 g. Corrected retention volume (VR 0) of air on uncoated Te column = 14.02 mL

Table II. Retention Data at Varying Liquid Loadings Cor DNP{I'e
Weight %

V,·IVLloading
ofDNP IIVL (ml-') ,,-Hexane CCI. n-BuNH2 Acetone Ethanol Water

20.65 0.221 39.31 87.49 77.90 31. 71 29.26 12.17
6.08 0.889 43.60 99.30 82.13 36.92 29.53 12.35
3.55 1.562 48.51 102.79 85.75 36.47 30.53 15.44
2.16 2.604 55.89 109.51 91.26 37.64 32.72 16.17

be assumed to be true Cor other solutes besides paraffins, and
at the somewhat higher temperature of 86 'C, so that Xs
and As, though defined so as to include possible absorption,
are henceforth referred to as "adsorption" parameters.

DISCUSSION

Uncoated Tenon. An example of the peak shape observed
with uncoated Teflon is shown in Figure la. All the solutes
gave asymmetrical pcaks, but the asymmetry consisted of tail­
ing rather than skewing. The distinction betwecn skewed and
tailed peaks is shown in Figure 1. A skewed peak usually
arises from concentration overloading sufficient to reveal
nonlinearity of the distribution isotherm (II) and is character­
ized by having, first, one side virtually vertical and, second,
a skew ratio, ~, outside the range 0.7 to 1.0. A tailed peak,
on the other hand, effectively consists of two parts: a "nor·
mal" peak with two sloping sides for which ~ lies in the range
0.7 to 1.0, together with a tail on the trailing side. If the tail
is large, the symmetry of the normal peak will be obscured and
~ brought down toward 0.1, as shown by some of the ~ values
in Table I. Tailing is not due to concentration overloading,
and can occur even at very low concentrations, i.e., in the
presence of a linear isotherm.

The various possible kinetic mechanisms responsible for
tailing have been taken into account in a model developed by
Giddings (19) in which sorption occurs on two types of site.
Fast exchange (sorption and desorption) takes place on normal
sites and produces a Gaussian band profile. On this is super­
imposed a tail produced by sorption on slow-exchanging sites.
The effects of sorption on retention and on tailing arc thus
distinct insofar as they arise from two different kinds of sorp­
tion site.

The effective adsorption coefficients, K...Aspo, on uncoated
Teflon given in Table I show no significant trends other than
a rough correlation with size of the solute molecule. The
fast exchange mechaoism, to which the values of XsAsp'
relate, may thus involve only dispersion forces and not such
solute-specific interactions as dipolar interactions or hydrogen­
bonding which would be expected to lead to higher values of
XsAsP' for butylamine and ethanol.

(19) J. C. Giddings, ANAL. CHEM.. 35,1999(1963).

When tailing occurs on Tenon, possible sites for slow~­
change include pores with several times the normal diffusion
distance, high-energy adsorption sites, and absorption in the
bulk support. Thus Kirkland (3) states that Teflon-6 con­
tains a significant number of minute pores which contribute
to its relatively high surface area. The actual size of the pores
is not stated, but since no pores are visible in photomicro­
graphs obtained by Sperati and Starkweather (20) at a magni­
fication of 2 X 10', the pores must be less than 100 A
in diameter. High-energy adsorption sites could arise either
Crom gegen-ions acquired during agglomeration ofTeflon Cram
an emulsion (21) or from carboxyl groups which terminate the
polymer chains (20). Absorption, while unlikely, Cor reasons
already given, to contribute to fast exchange, provides a Cur­
ther possible slow exchange mechanism.

The area of the tail relative to that of the normal peak paral­
leled the variation of XsAsp', except Cor water. Thus
the first five solutes (XsAsp· > 4.5) in Table I and water
gave large tails. acetone (XsAsp' = 3.6) gave a smaller tail,
while the ethanol (XsAsp' = 0.7) tail was no larger than the
air tail caused by the small dead volume in the system. This
behavior shows that the slow-exchange mechanism, whether
due to micropores, adsorption, or absorption sites, resembles
fast-exchange in having little selectivity Cor organic solutes.
The anomalously large water tail also gives no clue as to the
nature of the slow-exchange mechanism; it could be explained
by assuming that high-energy adsorption sites have a spccille
interaction with water, that the surface contains very narrow
micropores accessible only to water, or that absorption is eas­
iest for small molecules.

DNP{I'enon. With the coated support, a third retention
mechanism, bulk solution in DNP, is added to those of sorp­
tion on the two types of support site. Fast exchange can now
occur both on the support surface and in solution, and so two
terms appear in Equation I for retention of the normal
peak. An indication of the importance of Teflon adsorption
even with the coated support is given bY extrapolating the data
in Table II using Equation 2. This shows that adsorption on

(20) C. A. Sperati and H. W. Starkweather, Jr., FortJChr. Hach-
polym. FarJCh., Bd. 2, 5.465-495 (1961).

(21) R. S. Lehrle, Department of Chemistry, University of Bir­
mingham, private communication, 1970.
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Figure 2. Variation of plate height (HETP) with
weight percentage loading of DNP on Teflon for
ethanol solute at 86 'C

fast-exchanging support sites contributes more to retention
than does solution, at liquid loading below 0.3 to I %, and is
never negligible even at higher loadings. On a 6% loaded
column, 14 %of the retention of hexane is due to support ad­
sorption.

Values of KsAsp' for DNP{fe in Table I arc similar in
both magnitude and trend to those for the uncoated support.
DNP apparently does not suppress Teflon surface activity in
the way that polar phases, such as polyethylene glycol, sup­
press the surface activity of diatomaceous earth supports.
It is possible that DNP is distributed as droplets, leaving most
of the surface uncovered. Although several K.,Asp' values
are higher for DNP{fe than for uncoated Te, the differences
are within the limits of experimental error quoted earlier and
do not point to a measurable gas-liquid interfacial adsorption.

As liquid loading increases, tailing decreases for all solutes.
At high liquid loadings, whereas the fast-exchanging sites on
Teflon still contribute substantially to retention, the presence
af slow-exchanging sites is no longer revealed by tailing. On
the 6% loaded column, only two solutes still showed signif­
icant tailing: butylamine was slightly, and water still quite
strongly, tailed.. Reduced tail size reveals the symmetry of
the normal peaks and is responsible for the higher values of
~ seen in Table I compared with those on uncoated Teflon.
These observations are as expected: Siow-exchanging sites
become bath less imp,?rtant as liquid-phase retention increases
and also less distinct from fast-exchanging sites as mass trans­
fer through the liquid takes longer with consequent band
broadening.

The effect ofliquid loading on band broadening is shown .. a
plate height (HETP) plot in Figure 2. The HETP was mea­
sured with ethanol, the solute showing least tailing, and at a
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fixed interstitial gas velocity, ii, ofabaut 11 cm/sec. A notable
feature of the plot is the rapid increase in HETP abave abaut
10% loading, presumably due to growing dominance of the
C, term in the van Deemter equation (22, 23). The large
plate height of 30 mm at 20 weight %loading is much larger
than observed on Firebrick at this loading and suggests that
the effective liquid film thickness is larger on Teflon. Since
the surface area of Teflon [variously quoted as 7-8 (18) and
11.7 (7) m'/g) is abauttwice that of Firebrick, DNP must be
very unevenly distributed on Teflon. This is consistent with
Graham's finding (7) that only liquids, such as ethane and n­
butane, with a lower surface tension than that of Teflon
('" 18 dyne/cm) spread freely on the surface; n-octane, with a
higher surface tension, docs not spread freely. DNP also has
a higher surface tension and so its adsorption is localized. The
liquid is probably distributed as droplets, as already suggested.
Such a distribution would give a large C, term because C,
is proportional to the square of the thickness of the largest
liquid units (24). At high liquid loadings when, on this view,
the droplets are large, sorption and desorption times of the
normal peak are large. The distinction between fast- and
slow-exchanging sites would then be reduced and tails appear
relatively less extended.

CONCLUStONS

Although Teflon gives symmetrical or only slightly tailed
peaks when coated with sufficient stationary phase, it is ap­
parently not inert as sometimes supposed. Absence of tail­
ing does not necessarily indicate absence of a support contri­
bution to retention, because sorption-induced tailing and peak
retention arise in general from two different types of sorption
site. Adsorption by Teflon appears to contribute substan­
tially to retention of variety of both polar and nonpolar solutes
at DNP loadings up to 20%. Thus, Teflon does not fulfill
its promised role as ideal support for gas chromatographic
studies of solutions, since the solution contribution to reten­
tion can be accurately determined only by varying the liquid
loading. For nonpolar solutes this support seems, in fact,
to be more adsorptive than diatomaceous earths.

In analytical work, Teflon is valuable for oxygenated solutes
such as acetone and ethanol which tail more strongly than
hydrocarbons on diatomaceous earths, but less strongly
than these solutes on Teflon. Minimum plate height is at­
tained at DNP liquid loadings of 5-10 % depending on the
interstitial gas velocity, ii. Higher percentage loadings give
very poor column efficiency.
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Molecular and Unit Sheet Weights of Asphalt Fractions
Separated by Gel Permeation Chromatography

Graeme A. Haley

School of Highway Engineering, Unloerslty of New South Wales, Box J, Kensington 2033, N.S.W. Australia

An unblown Kuwait asphalt and an asphaltene sample
separated from an air blown KuwaIt asphalt were frac­
tionated by gel permeation chromatography. Molec­
ular weight measurements, usIng a membrane and a
var,0r pressure osmometer In four solvents, toluene,
ch oroform, methylene chloride, and a dioxane-chloro­
form mixture showed the different abilities of each
solvent to break up intermolecular association. In the
less r,0werful solvents toluene and chloroform, In­
comp ete asphaltene-asphalteno dissociation led to
high molecular weights. Nuclear magnetic resonance
'unlt sheet' weIghts were determined for fractions of
both the asphalt and asphaltene. The asphalt frac­
tions' molecular weights determined In the most power­
ful solvent, dloxane-chloroform, were consIstent with
their 'unit sheet' weights, for a value of the hydrogen to
carbon ratio of the nonaromatic group of 1.92. The
unit sheet weight of the asphaltenefractions was found
to be about 1050 and substantially Independent of mo­
lecular weight. This suggests that the asphaltene
molecules consist of a number of unit sheets linked
together rather than one large perlcondensed aro­
matic ri ng system.

VAPOR PRESSURE OSMOMFrRY (VPO), because of its use with a
wide range of solvents and temperatures, together with its
speed and small sample size, has become a convenient method
for molecular weight determination of asphalt samples in
recent years.

Benzene and chloroform have been the main solvents used
for the determination of molecular weights by VPO although
other solvents have also been tried. Girdler (I) found that
for two unfraetionated asphaltenes, trichloroethylene as a
solvent gave a lower molecular weight than benzene. He
believed that less association occurred in the more powerful
solvent although some degree of association still remained.
Dickie and Yen (2) in comparing tetrahydrofuran with benzene
as VPO solvents for a number of asphaltene and resin samples
statc'l! that there appeared to be little difference between the
molecular weight obtained for each of the samples. Neumann
and Bellstedt (3), in determining the molecular weight of an
unfractionated petroleum-ether asphaltene, tried a number of
VPO solveots ranging in solvent power from carbon tetra­
chloride to pyridine at temperatures of 25 to 9O"C. They
observed a distinct decrease in molecular weight with in·
creasing temperature and increasing solvent power.

Molecular weight differences for different solvents should
become more apparent when asphalt separation into more
homogeneous fmctions is carried out. Determination of the
mean molecular weight by either VPO or membrane osmom­
etry gives a number average and, for a material with a wide
range of molecular sizes such as the whole asphalt the mean
obtained is disproportionately influenced by the size of the
lower molecular weight constituents. The molecular weight
of a gel permeation chromatography (GPC) fractionated

(I) R. B. Girdler, Proc. Ass. Asphalt Paving r«llIIol., 34, 45 (1965).
(2) J. P. Dickie and T. F. Yen, ANAL. CHEM., 39,1849 (1967).
(3) H. J. Neumann and F. Bellstedt, Etrlvel Kahle, n, 19 (1969).

asphaltene has been detcrmined by Altgelt (4). Toluene,
benzene, chloroform, and xylene were used as VPO solvents
for one fraction and the resultant molecular weights appeared
quite similar. Aggregation or low solubility was indicated
by convex concentration vs. molecular weight curves for some
of the lower fractions. Altgelt proposed that the decrease in
molecular wcight was due to dissociation of low molecular
weight contaminants from an asphaltene molecule rather than
dissociation of an asphaltene-asphaltene aggregation.

Earlier measurements of asphalt molecular weights by
VPO, as well as other methods, led Dickie and Yen (2) to
propose that asphalt molecules can be built up by association
of individual asphalt unit sheets. Dickson, Davis, aod Wirk­
kala (5) attempted to obtain a comparison between the VPO
molecular weight of a sample fractionated by GPC with its
unit sheet wcight, as determined from nuclear magnetic res­
onance (NMR) data by the method of Ramsey, McDonald,
and Petersen (6). The molecular weight diverged from the
unit sheet weight in the high molecular weight region. This
divergence was attributed to association or polymerization of
the asphalt units in solution.

Association may lead to larger molecular weights through
the combination of unit cells held together by intermolecular
forces. These intermolecular forces can be broken down bY
the use of more powerful solvents. Helm and Petersen (7)
have compared the cffect of methylene chloride and carbon
tetrachloride, as solvents on the infra-red carbonyl absorption
of an asphalt. The stronger absorption with the more
powerful solvent, methylene chloride, indicated that some
breakdown of intermolecular forces had occurred.

EXPERIMENfAL

Preparation of Sample. An asphaltene sample was ob­
tained from an air blown Kuwait asphalt by the n-pentane
precipitation method. The asphalt was diluted with 200
times its volume of n-pentane and, after refluxing, the as­
phaltene precipitate was recovered by filtration. The as­
phaltene sample and an unblown Kuwait asphalt were frac­
tionated on a 2-cm id X 15O-cm long column, packed with
two pore size polystyrene gels prepared by the method de­
scribed by Altgelt (8). The solvent system of a 90% belUlellC
and a 10% methanol mixture was operated at a flow rate of
2 mlfmin to give a fraction yolume of 5.5 ml. A sample of
I gram was used to give 25 asphaltene fractions and 35
asphalt fractions suitable for further analysis.

Molecular Weight Determinations. Molecular weights of
GPe fractions were determined using four different solvents.
Toluene was selected as a standardizing solvent and fractions
which were thought to be above a molecular weight of 10,000

(4) K. H. Altgelt, Amer. Chem. Soc.. Die. Perrol. Chem., Prep,••
13(3). 37 (1968).

(5) F. E. Dickson, B. E. Davis, and R. A. Wirkkala, ANAL. CH.....
41, 1335 (1969).

(6) T. W. Ramsey, F. R. McDonald, and J. C. Petenen.lnd. Eng.
Chern., Prod. Res. Decelop., 6, 231 (1967).

(7) R. V. Helm andJ. C. Petersen, ANAL. CHEM.,40, 1100(1%8).
(8) K. H. Altgelt, Makromol. Chem., 88,75 (1965).
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(9) W. G. McMillan and J. E. Mayer, J. Clrem. Phys., 13, 276
(1945).

(10) A. Adicoff and W. J. Murbach, ANAL. CHEM., 39, 302 (1967).

RESULTS AND DISCUSStON

Molecular Weight Calculations. The membrane osmom­
etry readings were plotted and extrapolated on an osmotic
pressure-conccntration os. concentration graph.

The method of plotting vapor p"..sure osmometry readings
on a resistance/concentration rs. concentration graph,
although suitable for most fractions, was found to be unsatis­
faClory for some toluene and some chloroform solvent frac­
tions. A method ofcaleulation from the shortcncod McMillan
and Mayer (9) virial expansion equation was used for these
fractions. The equation is:

under vacuum to remove any absorbed benzene. Spectra
and five integrals were recorded at a sweep width of 500 Hz
and a scan speed of 500 sec. No proton signals were found
in the 750-500 Hz range. Solutions of GPC fractions in the
NMR solvent of deuterated chloroform were approximately
10% by weight and integrations were from high to low field.

c = sample concentration (gramsfcm')
R = sample resistance al concentration c (ohms)

~. 01 and Q! = virial coefficients
K = solvent calibration factor
M = molecular weight.

The graphical method assumption that a, is zero, is elim­
inated using the above equation. Difficulties with the
graphical method were also experienced by AdicolT and
Murbach (10) and Altgell (4). It was found that for all frac-
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Figure 2. Weight distribution of fractions separated from
tbe asphaltenes by GPC

0L..........,..'!~---~3"""00~---...,4,."0"'0---=::::,,.-...J

ELUTION VOLUME ml

FIgW'e 1. Weight distribution of fractions separated from
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were run on a 501 Mechrolab Membrane Osmometer at 37
·C. Four concentrations in the range 0.1-10 811. for each
fraelion were tested aRlI readings were repeated until con­
stant pressures were obtained. Samples below 10,000 were
run at 37 ·C on a 30IA Mechrolab Thermoele-ctric Vapor
Pressure Osmometer.

The other three solvents used were chloroform, methylene
chloride, and a SO:SO vfv dioxane-chloroform mixture. The
molecular weights of,fractions dissolved in these solvents were
all determined by VPO since the solvents were too volatile for
membrane osmometry measurements on the high molecular
weight fraelions.· Chloroform was used to allow a compar­
ison to be made with the results of previous experiments
while methylene chloride and the dioxane-chloroform mixture
were used 10 examine the effect of mOre powerful solvents on
the fraction molecular weight. DioXllJlC-<:hloroform rather
than an acetone mixiure was decided upon because of its
higher boiling point although both have similar solvent­
polymer interaction energies. Minimum sample size was
10 mg with a series of four conce!'trations for each fraction.
Resistance readings were taken for all solvents after 2 min,
except for the dioxane-chloroform mixture where a 5-min
reading time was needed. All solvents were calibrated with
benzil.

NMR Spectra. The NMR spectra were obtained using a
Varian HA 60 spectrometer operating at 60 MHz with tetra­
methylsilane as an internal standard. All GPC fractions
examined were dissolved in carbon tetrachloride and dried
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tions from the asphaltenes in different solvents
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tions examined a, was between +0.002 and -0.005. Chloro­
form gave a slightly positive a, while all other solvents had
zero or negative 02.

Effect of Solvent on Molecular Weight. The OPe chro­
matograms for the asphalt and the asphaltene samples are
shown in Figure I and Figure 2. The extent to which inter.
molecular bonding can be broken up by the use of more power­
ful solvents is illustrated by Figure 3 and Figure 4. These
curves can also be used to calibrate the chromatograms with
respect to molecular weight. Fractions dissolved in toluene
and chloroform give molecular weight results for calibration
of chromatograms similar to those obtained by Altgelt (8, 1J),
Dickson 01 01. (5). Snyder (12), and Bynum 01 al. (13). The
results for the membrane osmometer appear interchangeable
in the high molecular weight region with those of the vapor
pressure osmometer. The molecular weights of the dioxane­
chloroform fractions show a definite difference from those in
other solvents, although the methylene chloride fractions were
also slightly lower in molecular weight than those in toluene
and chloroform.

The amount of aggregation in the dioxane-chloroform
solvent can be judged from the concentration effect on resis­
tance in Figure 5. The plots to determine the molecular
weights for the dioxane-chloroform fractions do not have
concave slopes in the low molecular weight range, although
they do have a slightly negative slope. This slope tends to
disappear as molecular weight increases with less dependence
of molecular weight on concentration.

Altgelt (4) has plotted apparent molecular weight against
concentration, which gives a concave slope if dissociation
occurs. He suggested that the decrease in apparent molecular
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Table I. Aromatic Hyd~ to Carboa Ralloo for a
PerkoocIenoed Syrlem

No. of
rings C. Co C•• H••/C.

I 6 0 6 1.00
2 8 2 10 0.80
3 10 4 14 0.71
4 10 6 16 0.62
5 12 8 20 0.60
6 12 10 22 0.54
7 12 t2 24 0.50
9 14 16 30 0.47

17 18 32 50 0.36
22 20 42 62 0.32

weight, with a decrease in concentration. was caused by
dissociation of low molecular weight contaminants from
asphaltenes rather than asphaltene-asphaltene dissociation.
From Figure 4 and Figure 5. there appear$ to be incomplete
asphaltene-asphaltene dissociation with less powerful sol­
vents. A contaminant-asphaltene awePtion, if not broken
up by the OPC solvent of benzene-methanol, with the con­
taminants separated into the lower OPC fractions. is unlikely
to be broken up in the less powerful VPO solvent of benzene,
where the concentration is higher than the maximum OPC
fraction concentration.

NMR CaI<ulatioas. The Ramsey (6) assignments of proton
bends in the NMR spectra of asphalts were used to determine
the parameters of Brown and Ladner (14). These were the
aromaticity,f., the degree of substitutioo, CT, and the aromatic
hydrogen to carbon ratio, H••le... of the hypothetical un­
substituted aromatic material. These parameters depend on
the assumptions that more than three rings are pericondensed
and that no aromatic rings are joined by single bonds.

The theoretical aromatic hydrogen to carbon ratios for a
number of hexagonal pericondensed structures are given in
Table I. An equation can be obtained by a regression
analysis of these data to relate the internal condensed carbon
C. to the peripheral carbon C.. This equation is:

(II) K. H. Altgelt. J. Appl. Polym. Sci., 9, 3389 (1965).
(12) L. R. Snyder. ANAL. CH..... 41.1223 (1969).
(13) D. Bynum, R. N. Traxler, H. L. Parker, and J. S. Ham, J.

In.,. Petrol.• 56. 147 (1970).

6C,-C.'+SC.-B-O

(14) J. K. Brown and W. R. Ladn.... Fuel, 39, 87 (1960).

(3)
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Table D. NMR ProloG Ratios for Aspbalt lUId
Aspbalteae Fractioos

Fraction
No. HatH H~tH H,tH HAtH

Asphalt 16.3 60.0 19.2 4.5
10/11 17.2 58.5 20.0 4.3
20 11.6 65.2 19.7 3.5
24 14.1 66.3 17.8 1.8
29 12.5 61.7 22.8 3.0
39/40 17.6 55.0 20.8 6.6

Asphaltene 21.6 50.0 20.4 8.0
8 19.8 50.4 22.7 7.1

12 19.5 52.2 21.1 6.2
14 19.7 54.3 20.0 6.0
18 20.8 49.7 21.6 7.9
24 20.8 51.9 21.0 6.3
32/33 23.6 45.9 20.7 9.8

TableID. Structural Parameters for Asphalt Fractions

Fraction Elution
No. volume, ml CN• % etH

10/11 243.5 24.1 0.826
20 288.8 15.0 0.670
24 307.7 15.9 0.643
29 326.2 14.9 0.636
39/40 378.5 21.0 0.707
Asphalt 15.5 0.649
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Figure 6. Best X ratio for coincidence of
wlit sheet weight with molecular weight for
the asphalt fractions

X VPO molecular weights - - - - ­
• NMR unit sheet weights -

where Cr %is the per cent carbon from elemental analysis.
A computer program can calculate the unit sheet weight

using the above series of equations from the NMR proton

where B is a variable which changes slightly, depending on the
values of Co and C.. For the pericondensed model being
considered, if C•• is the aromatic carbon and H•• is the
aromatic hydrogen then:

The value of the parameter H.,/C•• is known and its sub­
stitution in Equation 7 gives the ~ount of aromatic carbon.
The total carbon, C" can be obtained by using the aromaticity
parameter.

ratios and the relative amounts of carbon, hydrogen, and
other elements.

Asphalt Structure. The proton ratios in Table II for the
asphalt GPe fractions show some interesting points. Ha/H,
hydrogen alpha to aromatic rings, and HA/H, aromatic hy­
drogen, both produce a minimum ncar the center of the
molecular weight range while H~/H, beta hydrogen and
further removed methylene hydrogen, goes to a maximum.
The methyl hydrogen gamma or further removed from an
aromatic ring, Hy/H, appears to remain constant. The
highest molecular weight fraction is very similar to the lowest
molecular weight fraction and it is only the difference carbon
to hydrogen ratios, given in Table lII, which causes a difference
in unit sheet weight. The carbon to hydrogen ratio also goes
to a minimum together wilh the naphthenic carbon, CN ,

calculated by Williams' method (15), ncar the center of the
molecular weight range. II appears from the variation of the
different functions with molecular weight that the more
paraffinic fractions occur in the central molecular weight
range while the lower and higher molecular weight fractions
contain the more naphthenic and aromatic structures.

A comparison between the asphalt molecular weight and
its unit sheet weight is shown in Figure 6. Brown and Ladner
(14) in studying a number of coals used a value ofx = y ~ 2.0,
where x and y are the respective hydrogen to carbon ralios
for the alpha carbon groupings and the indireclly or un­
attached carbon groupings. They found that for this value
of x and y, plots of NMR parameters against carbon content
gave a linear correlation. Ramsey (6) and Dickson (5)
adopted x = y = 2.0 for their asphalt NMR experiments.
The value of x = 1.92 in Figure 6 gives a much better correla­
tion between the unit sheet weight and the dioxane-chloro­
form molecular weight. All the mok'Cular weights lie between
x = 1.89 and 1.95 to give the desired link of molecular weight
with unit sheet weight as sought by Dickson (5).

The development of a condensed naphthenic structure is
nc-eded to support a value of x and y lower than 2. Since the

(15) R. B. Williams, Amer. Sci. Testing Mater.. STP 224 (1957).

(4)

(7)

(5)

(9)

(8)

(6)

C•• = C, + C.

.H.'=I+V~
Cor Car

and

Substituting Equations 4 and 5 in Equation 3 gives

C _!!~_Har+.!!.-
•• 6 3 6

Results were calculated using a value of 12 for B, since
this value gives an exact fit for one and two rings and a close
if not exact fit for the other ring systems. The variation
produced by having a number of C, values for the same C.
is taken into account by allowing fractional values of C•.

Rearranging Equation 6 and dividing both sides by C••
gives

C,.. = Co,Jf.

The unit sheet weight, USW, is now given by:

USW = Cr X 12 X 100
Cr %
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Table IV. Comparison of NMR Unit Sheet Weights with
Interpolated VPO Molecular Weights for

Asphaltene Fractions

aromatic carbon appears to form a condensed ring structure,
it is highly likely Ihal the naphlhenic carbon is also presenl in
this form. The condensation of the naphthenic carbon will
produce internal branching with a simultaneous lowering of
the value of x and y. An artificial change in x and)' will also
be produced by the number average molecular weight com­
parison with the weight average unit sheet weight. This
effect would be rather small, however, with fractionated sam­
ples.

Asphaltene Structure. The asphaltene fractions arc all
very similar in hydrogen distribution, and there appears to
be no indication of increasing or decreasing proton ralios as
was the case with the asphalt The calculated factors, naph.
thenic carbon, carbon to hydrogen ratio, and the unit
sheet weight, given in Table IV, arc all similar for the dif­
ferent fractions. The unit sheet weights arc contained within
the range 1050 ± 300 for.t = y ~ 1.92 whereas the molecular
weights increase up to 4200. The most imporlant differences

Fraction
No.

8
12
14
18
24
32/33
Asphaltcnc

·x=y=1.92.

Elution
volume
228.3
247.5
257.5
276.3
303.9
342.3

ex %
32.1
35.7
28.6
29.6
32.8
28.0
28.4

C/H
0.860
0.882
0.845
0.850
0.856
0.896
0.861

Unit
sheet

wcighta

1000
1350
1080
870

1050
780,
880

Molec-
ular

weight

4200
3260
2850
2220
1540
910

2900

between the asphaltene and asphalt results are shown in
comparing their unit sheet and molecular weights. Since the
asphallene unit sheel weight does not change with molecular
weighl, then it is unlikely thaI the asphaltenes are formed by
an extension of the asphalt pericondensed ring system.

The formation of asphaltenes through the polymerization
of a number of unit sheet weights is in agreemenl wilh con­
clusions presented by Yen, Erdman, and Pollack (/6), from
X.ray data on asphaltenes and also with those of Ferris,
Black, and Oclland (/7). Ferris found, from X-ray diffraction
techniques on a solvent fractionated asphaltene, that the unit
sheels were all approximatcly the same dimensions and
postulated a sixlccn.ring structure of condensed aromalic
sheels linked by saturated bridges. The sixleen-ring system
Wilh an aromaticilY of 0.45-{).50 would give a unit sheet
weight which would agree quite well with the results presented
for the GPC fraclionaled asphaltene.

Furth..:r work to examine more closely the changes occurring
during air blowing are at present being undertaken and this is
expccled to give a clearer picture ofasphaltene formation.
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Application of Photoelectron Spectrometry to Pesticide Analysis. II

Photoelectron Spectra of Hydroxy-, and Halo-Alkanes and Halohydrins'

A. D. Baker, D. Betteridge,' N. R. Kemp, and R. E. Kirby'

Department of Chemistry, University College of Swansea, Single/on Park, Swansea, G/am., U. K.

The photoelectron spectra of ethylene f1uoro-, chloro-,
bromo- and lodohydrin have been obtained and are
discussed in relation to the photoelectron spectra of
alkanes, halo alkanes and alcohols, which have also
been measured. There is an interaction between the
non bonding orbitals in dihalo alkanes, ethylene chloro­
hydrin and ethylene bromohydrin. The extent of
Interaction depends on the degree of separation of the
Interacting orbitals and their relative energies. The
spectra of the individual compounds are sufficiently
different to allow qualitative Identification. The
analytical significance of the results Is briefly dis­
cussed and correlation diagrams for 29 compounds are
presented.

• Part 1, "Application of Photoelectron Spectrometry lO Pcsti·
cide Analysis; Pholoclectron Spectra of Five-Membered Hetero­
cycles and Related Molecules" appeared in ANAL. CHEM., 42, 1064
(1970).

I To whom communications concerning this paper should be
addressed.

tOn sabbatical leave from Queens College of the City University
of New York. Flushing. N.Y. 11367.

ETlIYLENE OXIDE AND PROPYLENE OXIDE arc widely used as
fumigants, but they can react with chloride and bromide in
cereals to give toxic chlorohydrins or bromohydrins. This
hus iL'd to the development of methods for the delermination
of thl'SC toxic fl'Sidul'S, mosl of which arc based upon gos­
liquid chromulogrnphy (1-5). Halohydrins arc relatively
simple molecules containing both an oxygen and a halogen
atom and arc thus well suited for .xllmination by photoelec­
tron speclrometry (PES) in its prescnt form. This technique,
which measures the binding energies of electrons in molecules,

(I) S. G. Heuser and K. A. Scudamore. Chern. II/d. (Lol/dol/). 1967,
1557.

(2) Ibid.. P 1054.
(3) S. Bcn-Ychoshua and P. Krinsky, J. Gas CIJromatogr., 6, 3S1

(1968).
(4) E. P. Ragelis, B. S. Fisher, and B. A. Klimeck. J. Au. Ojfic.

Agr. Chem. 51, 709 (1968).
(5) F. Wesley. B. Rourke. and O. Derbyshire. J. Food &i.• 30, 1037

(1965).
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Figure I. Photoelectron spectra of some aliphatic alcohols
excited b)' irradiation with S84-A photons •

and its applicabilily to analytical chemistry has tx..cn discussed
elsewhere (~).

Preliminary investigations revealed common features in the
photoelectron spectra of the halohydrins. Relatively sharp
peaks due to the ejection of "Ione·pair" electrons from the
halogen and oxygen p·orbilals were present in all the speclra.
(Photoelectron spectra indicate that all electrons in molecules
are to some extent bonding electrons so that strictly speaking
there arc no Illone-pair" electrons. However, the term has
been widely employed and will be used in its usual sense here
a~d .subsequently.) The relative posilions of these peaks
wIthm the spectra showed marked dependence upon the nature
of the halogen atom, and indicated that interactions between
the halogen and oxygen p-orbitals were important. The
study was therefore exlended to include alcohols and mono­
and di-haloalkancs, in order to see whether any general trends
or correlations could be eslablishL'd

The spectru of the c~mpound; studied arc individually
characteristic and simplified methods of interpretation serve
to correlate spectral and molecular structural features.

EXPERIMENTAl.

T.he compounds studied were obtained commercially and
punfied as necessary. Purities were checked by infrared
spectrometry and mass spectrometry.

Photoelectron' spectra were oblllined on a Perkin·Elmer
PS.lS Photoeleclron Speclrometer, modified as described in
Part 1(8).

RES~TS AND DISCUSSION

Photoelectron Spectn of Alcohols. Since 'alcohols can be
regarded as alkyl substitUted water molecules, their photo·
electron spectra might be expecled to contain some of the
characteristic features of the spectra of water and the cor­
responding alkane, viz., a sharp intense peak ascribable to a

(6) D. Betteridge and A. D. Baker. ANAL. CHEM.. 41 (I), 43A (1970)
(7) A. D. Baker, Accvu",s Ch,m. R".. 3, 17 (1970). .
(8) A. D. Baker, D. Belleridge, N. R. Kemp and R. E. Kirby,

ANAL. CHEM.. 41, 1064 (1970).
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Figure 2. Graph showing variations in
first ionization potentials and heats of forma­
tion of some aliphatic alcohols, ROH

R ~ (I) CH" (1) C,H" (3) I/-C,II., (4) I/·C.u,
(S)II.C~lh(6)n-C,Hn I

2p lone pair of electrons on the oxygen (9), and a series of
broader bands of moderate to low intensity which arc char~

aClcristic of alkanes (10, JJ). The ionization potentials of
the lone pair electrons would be expected to be lower in al­
cohols than in water because of the inductive effect associated
with alkyl groups.

Further broad bands would be eXJl<.'Cled in the photoelec­
tron spectra ofalcohols owing to the ejection ofelectrons from
orbitals principally rL'Sponsible for O-H and C- 0 bonding.
These a priori predictions do account for the overall forms of
the speclra obtained (Figure I), but refinements are needed to
explain some of the observed features. Whereas the first
band of the water spectrum, corresponding 10 the oxygen lone
pair. is very sharp, the corresponding bands in the spectra of
alcohols are appreciably broadened, indicating that the equiv­
alent orbitals have more bonding chamclcr. In this context,
Dewar and Worley (/2) have calculated lhal only 75% of the
highest occupied orbited in methanol is composed ofanOoxygen
2p atomic orbital, and also that this percentage decreases
rapidly with increasing size of the alkyl group.

The high resolution photoelectron spectra of methanol and
higher alcohols to some extent substanti'lle these calculations:
the bands arc much broader than would be expected for non­
bonding electrons, and, in the case of methanol, thert: is fine
structure showing appreciable population of high vibrational
levels. The vibrational structure can be ascribed to the exci~

tation ofC-o stretching and C-H deformation modes.
Although the "oxygen lone pair" ionization potentials of

higher alcohols have more or less a constant value, ionization
potentials of the deeper orbitals decrca~c slowly. However,
even for the highesl alcohol examined in the present study
(n-oclanol) the "oxygen lone pair" band is still lhe 10Wl'St
ionization energy band in the photoelectron spectrum.

The first vertical ionization polentials of Ihe n-alcohols de­
crease rapidly from 10.95 to 10.37 eV on ascending the series
from methanol to n·butanol, but then assume a nearly con·
slant value of 10.3 eV. The ionization potential ofa molecule
is a measure of the difference belween the heat of formalion of
the molecule and its molecular ion. The successive decreases

(9) C. R. Brundle and D. W. Turner. Pro<:. Roy. S(){'. (Lol/dol/),
S". A, 307, 27 (1968).

(10) A. D. Baker, C. Baker, C. R. Brundle. and D. W. Turner,
II/I. J. Mass SfJ'Clrom. lVI/ Phys.• I, 285 (1968).

(II) A. D. Baker, D. Betteridge, N. R. Kemp, and R. E. Kirby,
J. Mol. Sfrucf., in press.

(12) M. J. S. Dewar and S. D. Worley, J. Chem. Phys. 50, 654
(1969). '
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Figure 3. Plot of IIrst Ionization poten.
tials of alcohols, ROH DS. Tart u· >alu..
forR

R = (I) H, (1) CH.. (3) C,H.. (4) II-<:,H"
(5) /I-C,H.. (6) I-<:,H" (7) 1-<:,",

in ionization potential up to n-butanol indicate therefore that
for small alkyl groups, the molecular ion is stabilized to a
greater exlent than is the molecule by lbe introduction of a
methylene group. Above n·butanol there would seem to be
no difference between the stabilizing effects on molecule and
ion. Figure 2 shows graphically the changes in first ioniza­
tion potentials and heats of formation (13) of the alcohols
studied.

A correlation between the ionization potentials of alcohols
and Taft u· constants (14) for the alkyl substituents might
be expected. Figure 3 shows the u· constants for -H, -<::H"
-e2H" -II - CaH7, -n· C.H" -iso-C.HT, and -Iert-C.H,
plotted against thc lowest ionization potentials of water and
the appropriate alcohols. The line of best fit, with 95% con­
fidence limits is given by IP = (10.81 :;: 0.13) + (3.17 :;: 1.11)
(u· + 0.049). It is clear from lbe Equation and Figure 3
that although there is a linear relationship, there are some
anomalies. Thus the ionization potential of 2·propanol
falls between that of lI·propanol and II-butanol, although the
u· value for -iso-C,H, is appreciably lower than that of
eilher -n - C,H, or -II - C.H,. The implication is that the
electronic effects responsible for the differences between the
ionization potentials are not wholly rellected by the u· values,
although it appears that the laller could be useful for crude
estimations of ionization potentials. These observations are
in concord with the comments of Wiberg on the inductive
effect exerted by lert-butyl (15).

Therc is some question as to whether the second highest
occupied level in alcohols relates to a C-o or to some other
type of orbital. Comparison of the spectra of methanol, 2­
propanol, and lert-butanol (Figure I) clearly suggests that in
these compounds it is predominantly C-o, since the strongly
electron-releasing branched alkyl groups produce the expected
changes in the second ionization potentials. In the straight
chain alcohols, however, the ionization potentials of electrons
in C-H and C-<:: bonding orbitals appear to be lowered suf­
ficiently to be comparable with those of electrons in the C-o
,,-bonding orbitals. Thus, whereas the spectra of 2-propanol
and tert-butanol both contain distinct "C-o" bands, lbe

(13) S. W. Benson. R. E. Cruickshank. D. M. Golden. G. R. Hau­
gen, H. R. O'Neal. A. S. Rodgers, R. Shaw, and R. Walsh.
Chern. Rev., 69, 279(1969).

(14) R. W. Tart in "Steric Effects in Organic Chemistry," M. S.
Newman, Ed.. Wiley, New York, N.Y., 19S6. p 6t9.

(IS) K. B. Wiberg, "Physical Organic Chemistry," Wiley, New
York, N.Y., 1964, pp 128-129.
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Figure 4. Photoelectron apectra of
some aUpbatic iado comJlClUllds, ex·
cited by irradiation wltb ~A
pbotons

spectra of the straight chain isomers of these compounds show
Ihe "C-o" band to be swamped under !be alkyl bands.

Photoelectron Spectra of Halo-alkaDes (Figure 4). The
photoelectron spectra of some simple haloalkanes bave been
discussed previously (16). The most characteristic fealures
of the spectra are the sharp "halogen lone pair" bands, spin·
orbit split in some cases. The "halogen lone pairlt ionization
polentials of methyl halides correspond very closely 10 !bose
of the phenyl halides, indicaling a parilY in the overall. elee·
tron releasing natures of the methyl and phenyl groups. In
both methyl and phenyl halides, the halogen lone pair ioniza­
tion potentials plotted against the Pauling eleetronegativily of
Ihe halogen alom give a straighlline(In.

In the present study we examined a series of iodoa1kaDcs
to investigate Ihe variations in spin orbit coupling and in ion­
iUlion potentials as the size of lbe molecule increased. We
also examined some disubslituted chloroalkanes to further in­
vestigate the extent ofl :2, I :3, and 1:4 interactions.

There appears 10 be very little decrease in !be spin-<>rbit
splitting (t>SI) of the iodine lone pair peaks as !be alkyl halide

(16) D. W. Turner, A. D. Baker, C. Baker, and c.. R. Brundle,
"Hiih Resolution Photoelectron Spectroscopy," Wiley, London,
1970. .

(1"1) A. D. Baker, D. Belleridge, N. R. Kemp, and R. E. Kirby,
Inl. J. Ma.ss Sp«lrom. Ion Phys., 4, 90 (1970).

ANALYTICAL CHEMISTRY, VOL. 43, NO.3, MARCH 1971 • 177



'" LP.OFRI,

lO.O '05 no 115 l20 eV
-I.P. OFIVI-

Figure 5. Graph showing the first Ioniza­
tion potentials of alcohols, ROH, plotted
against the first Ionization potentials of
alkyl iodides

R _ (I) II, (2) CH.. (3) C,H" (4) "-C,H,, (5)
j·C.H11 (6) It.cJill

series is ascended from methyl iodide (6SI = 0.61 eV) to butyl
iodide (6SI "'" 0.55 eV). The bands do become broader,
however, and the fine structure less clearly defined (especially
in the higher ionization band) as the series is ascended.

As with the alcohols, an approximate correlation exists be·
tween the lone pair ionization potentials of the alkyl iodides,
and the Taft a' values of the alkyl groups. The mean ioniza­
lion potential of the two peaks split by spin-orbit coupling is
given, with 95% confidence limits by

IP = (9.79 :;: 0.04) + (1.808 :;: 0.184) (a* + 0.010) (I)

The marked improvement in fit is mainly the result of having
,,-pentyl iodide and not lerl-butyl iodide. The inclusion of
-H as an alkyl radical is rather dubious, but excluding the
point due to HI does not significantly affect the equation re­
lating IJ> with a'.

The IP/a* relationship for alkyl iodides suffers from the
same sort of anomalies tiS the corresponding relationship for
alcohols. However, that the overall effects of the alkyl groups
vary in a predictable way from series to series is indicated by
Figure 5, which shows that the oxygen lone pair ionimtion
potentials of alcohols plotted against the iodine lone pair ion­
ization potentials of alkyl iodides is linear, and ofthe form

IP, = (9.79 :;: 0.06) + (0.533 :;: 0.072) (lPon - 10.90) (2)

Photoclcctron Spectra of Dichloroalkanes. The photoelec­
tron spectra of 1,2-<1ichloropropane, 1,3-<1ichloropropane, and
1,4-<lichlorobutane (Figure 6) show important differences,
especially in the 10.5-12.5 eV range. The classical picture of
nonbonding eleclrons of chlorine being localized as lone pairs
in the 3p orbitals and the argument that the intensity of a peak
is roughly proportional to the number of filled equivalent
orbitals from which ionization is laking place would lead one
to expect that the spectra of the dichloropropanes would be
similar to that of propylchloride but with the single "halogen
lone-pair" peak being relatively twice as intense. It might be
argued that the slightly different .inductive effects operating
on the carbon atoms in the 1 and 2 positions in 1,2-<1ichloro­
propane would give rise to two chlorine peaks or lead to a
broadening of the single peak. Sueh an argument would not
be applicable to 1,3-<1ichloropropane or 1,4-<lichlorobutane
and does not account for the number of peaks which are ob­
served. It is therefore necessary to question the premise that
the nonbonding lone pair electrons do not interacL
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Figure 6. Photoclectron spectra of
1,2- and l,3-dichloropropane and
l,4-dichlorobutanc, excited by irradia­
tion with 584-..\ photons

A simplified mole-cular orhital approach is to treat the non­
bonding orbitals as if they were atomic orbitals localized on
two atoms within the molecule. The degrl"C of separation of
the orbitals and their symmetry with respect to each other
is determined by the geometry of the molecule. If any two
of the localized orbitals arc close enough, have the same sym·
metry and comparable energy, they can interact to give two
molecular orbitals, one of lower energy than the energy of the
least energetic of the two atomic orbitals and one of higher
energy than the energy of the highest orbital. If the atomic
orbitals arc identical, the energies of the two molecular orbitals
will be symmetrically above and below the energy of the atomic
orbitals. The molecular orbilal of lower energy is formally a
bonding orbital and the one of higher energy is an anti-bond­
ing orbital. Since only interaction betwccn filled orbitals is
being considered, two electrons occupy both the bonding and
the anti-bonding orbital so the net effect is nonbonding.

However. ionization would be from two nonequivalent orbit­
als and this should be reflected in the photoelectron spectrum.
If the orbitals were too far apart to interact, or were of dis­
parate energy, or of different symmetry, there would be no
interaction and the orbitals would be looked on as nonbonding
localized atomic orbitals. Thus, in a compound with two
atoms with two p orbitals each, two of which could interact
and two otherwise equivalent ones which couldn't, onc would
expect to sec thrcc peaks on the intensity ratio I :2: I. The
argument is not dissimilar to that used to explain 1I"·bonding in
ethylene at the introductory level or that used to explain the
photoelcctron spectra of compounds with halogen atoms adja­
cent to ..-systems (6). It is a simplified piclure insofar as it
ignores completely interactions with any other orbitals of the
same symmetry, and similar energy. A test of its validity is
provided by dichloroalkanes.

Electrons associated with ionization energies in the 10.5­
12.5 eV range come from orbitals derived principally from CI
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Figure 7. Photoelectron spectra oC
ethyleoe haloh)'drins, excited by ir­
radiation with 584-'\ photons

atomic 3p orbilals. Each of the chlorines has two sets of
occupil-d lone pair orbitals, and if the sets of orbitals were so
arranged Ihat they had the same symmetry, straightforward
interaction could produce four molecular orbitals having dif­
ferent energies. Four "chlorine" bands could therefore ap­
pear in the photoelectron spc'Ctrum. The greatest Cl-Cl
interaction would be expected a priori to occur in the 1,2·
isomer, and this is reflected in the photoelectron spectrum of
Ihis compound. Two of the rcsulling "chlorine molecular
orbitals" seem to be degenerate in cnc:rgy, and correspond to
the most intense peak in the spectrum, centered at 11.26 eY.
The other two Cl orbitals, corresponding to the shoulder al
-11.1 eY, and the peak at -11.75 eY, however, differ appre­
ciably in energy, indicating a large interaction.

Although much smaller, the Cl--el interaction in 1,3-di­
chloropropane is still considerable, and is still apparent in
1,4-dichlorobutane. In the speclra of thl'SC compounds,
there nrc no single sharp chlorine peaks: rathlT broader
bands containing two poorly fl"Solvl-d maxima arc pfl-scnt.
The half-width of the "chlorine" band for 1,3-dichloropropane
is ca. 0.9 eY, and for 1,2-dichloropropane is ca. 0.65 eY.
These results perhaps indicate that in these compounds Ihere
is an intl"f8ction which results in the formation of a pair of
doubly degenerate orbitallevcls.

Photoelectron Spectra DC Haloh)'drins (Figure 7). These
molecules form an interesting series, since the nature of the
highest occupied orbilal may be either predominanlly halogen
lone pair or predominantly oxygen lone pair. The possibilily
of some sort of interaction involving one of the halogen lone
pair orbitals and the oxygen 2p lone pair orbital also exists.
In such a case, the degeneracy of the Pr and P. type orbitals
of the halogen could be lifted. The spectra confirm in fact

that interactions of this sort may lakc place and thus provide
the firsl experimental evidence for this type of phenomenon.

A number of different factors can, in fact, determine the
relative posilions of the oxygen and halogen peaks, and it is
necessary to allow for thl'Se 10 account for the spectra. These
factors can be considered to fall into three main categories.

POLARIZATION OR INDUCTIVE EFFECTS. An ethylene halo­
hydrin differs from a haloethane in containing the grouping
--eH,CH,OH in place of --eH,CH, and from ethanol in con­
taining the grouping -eH,CH,Hal in place of -eH,cH,.
The inductive effect of the ck'Ctronegalive oxygen atom in
--eH,CH.,OH would be expectc-d to n-duce the eleclron density
in the vicinity of the halogen alom, leading to higher halogen
lone pair ionization potenlials for halohydrins Ihan halo­
ethanes. Similarly, the oxygen 2p lone-pair ionization po­
tentials would be expc'Cl<'d 10 be grealer in the halohydrins
than in ethanol. Further, on the basis of inductive effects
alone, the ionization potentials of the oxygen lone pairs of the
halohydrins would be expected to increase in the order iodohy­
drin, bromohydrin, chlorohydrin, fluorohydrin.

INTERACTION OF THE OXYGEN AND HALOGEN LONE PAIR

ORBITALS. The simplifil'd moil'Cular orbital theory ofexplain­
ing the interaction bctwt.'Cn nonbonding electrons in dihaloal­
kanes prc-dicts that there should be a similar interaction be­
tWl'Cn nonbonding oxygen and halogen p orbitals. But as
there is only onc oxygen lone pair p orbital, for reasons of
symmetry, only onc of tht.- two halogen lone pair orbitals can
participate in such an interaction. To a first approx.imation
the "mixing in" of a C-H contribution can be ignon-d, Bnd the
primary interaction can be considt.-rL'd as a direct one between
an oxygen 2 p and a halog~n p orbital to give energies above
and below those of the interacting lone pair orbitals (Figure
7). The new orbitals are dcscrilx-d as (halogen)· and (oxygen
2p)· in Figure 8. The largest intlT8ction would be expected
when Ihe encrgil'S of the oxygcn 2p orbital and the halogen p
orbitals arc cloSt.'St. The ionization potential of an electron
in the (halogen)· orbilal could be either grealer than, or lower
Ihan, the corresponding ionization potential for the unaffected
halogen orbital, depending on the rdalive magnitudes of the
encrgies of Ihe inleracling oxygen and halogen orbitals (Fig­
ure 7). Balh orbitals would be fully occupil-d.

SPtN-ORBIT EFFECTS. A further complication could arise

ANALYTICAL CHEMISTRY. VOL. 43, NO, 3, MARCH 1971 • 379



Table L IODIzatiOll Potentials (eV) for the 20 Compounds Studied"

1st Band Bands
Compounds Al VI 2nd 3rd 4th 5lh 6lh 7lh 8lh 9lh 10th

Methanol 10.85 10.96 12.72 15.15 15.55 17.50
Ethanol 10.65 12.20 13.31 13.82 15.85 17.35
n-Propanol 10.48 11.73 12.34 13.04 14.60 16.00 17.14
2-Propanol 10.42 11.71 12.68 13.08 13.75 15.14 15.80 17.20
n-Butanol 10.37 11.48 11.95 12.25 12.55 13.55 15.10
,.rt·Butanol 10.23 11.48 12.35 12.78 15.42 16.50
Ethyl iodide 9.37 9.93 11.68 12.90 13.80 15.00 15.90
n·Propyl iodide 9.27 9.84 11.46 12.25 12.80 14.25 15.30 15.95
I·Propyl iodide 9.19 9.74 11.18 12.35 12.80 13.95 14.50 15.40
n.Pentyl iodide 9.21 9.77 11.06 11.60 13.00 14.50 16.10
2·Fluoroethanol 11.05 12.65 13.09 14.00 15.00 16.00 17.35 18.08
2-Chloroethanol 10.90 11.45 11.71 12.62 13.90 14.62 15.78 16.18 17.60
2-Bromoethanol 10.63 10.91 11.29 12.50 13.32 14.48 16.09 17.50
2-lodoethanol 9.62 10.18 10.87 11.85 12.65 14.00 15.78 17.34
Epiftuorohydrin 10.74 11.80 13.17 14.22 15.10 16.32 17.05
Epichlorohydrin 10.64 11.33 11.52 13.78 15.04 15.45 16.47 17.40 19.65
EPibromohydrin 10.46 10.70 10.99 11.50 13.34 13.72 14.65 15.15 16.20 17.20
l,2-Dichloropropane 10.73 11.06 11.29 11.73 12.93 13.45 14.57 15.30 15.86 16.55
1,3·Dichloropropane 10.93 11.16 11.36 11.55 12.72 13.41 14.60 15.07 16.35
1,4-Dichlorobutane 11.03 11.18 12.24 12.90 14.90 15.60 16.20

• AI Bnd VI indicate adiabatic and vertical ionization potentials, respectively.

out of spin·orbit coupling. This could result in two peaks in
thc photoelectron spectrum for every "halogen" orbital.
However, the spectra of ethyl halides would lead one to expect
appreciable spin-orbit effects only in the case of ethylene iodo­
hydrin.

Having considered the factors which might be expected to
innuence the photoelectron spectra of the halohydrins as a
whole, we are now in a position to discuss the individual spec·
Ira. The first point of interest is that the spectrum ofethylene
iodohydrin contains three sharp peaks characteristic of lone
pairs. These peaks arc centert'd at 9.62, 10.18, and 10.87 eV.
The spin-orbit iodine 5p peaks in the ethyl iodide spectrum
occur at 9.37 and 9.93 eV, and thus the iodohydrin 9.62 and
10.18 eV peaks can be assigned fairly certainly to spin-orbit
split iodine Sp orbitals. This leaves the 1O.87-eV peak to be
attribut,'d to the oxygen 2p lone pair. This implies that the
oxygen lone pair ionization potel)tial is a little higher than
that of ethanol (1O.6S eV)" but this, and the increase in the
ionization potentials of iodine compared with ethyl iodide, is
consistent with the inductive elfect discussed above. There
would appear to be no significant "lone pair orbital interac·
tion" in ethylene iodohydrin, otherwise each of the iodine
peaks would nave split into two components. Such an inter·
action would be unlikely because of the large difference in the
energies of the iodine Sp and oxygen 2p orbitals.

The spectra of ethylene chlorohydrin and ethylene bromo­
hydrin also contain three "lone pair" peaks. The peaks at
liAS and 11.71 eV in the spectrum of ethylene chlorohydrin
are in positions characteristic of chlorine 3p lone pairs and
the peaks at 10.63 and 10.91 eV in the spectrum of ethylene
bromohydrin are characteristic of bromine 4p lone pairs.
Thus the peaks at 10.90 eV in the chlorohydrin, and 11.29 eV
in the bromohydrin would seem to characterize the "oxygen
2p" electrons in these compounds, These results are not
explicable on the basis of polarization effects alone, which
would predict the oxygen 2p lone pair ionization potential to
be larger for the chlorohydrin than the bromohydrin. It is
necessary, therefore, to invoke interaction of the oxygen and
halogen lone pairs in these compounds.

In the detailed discussion of the nature of this interaction,
three atomic orbitals must be taken into account, the oxygen
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2p, the halogen p, which interacls, and the halogen p, which
cannot interact for reasons of symmetry. It is assumed that
the latler orbital has the energy that would be expected for a
nonbonding, noninteracting orbital. It will thus be in be­
tween the interacting orbitals, one of which will be shifted to
higher and the olher to lower energy (higher J.P.). The inter·
action will produce two molecular orbitals, but the character
of ,..ch will be largely that of the interacting atomic orbital
closest in energy to the resultant molecular orbital.

The reIative energies of the orbitals in order of decreasing
energy is bromine 4p, oxygen 2p, and chlorine 3p (first ioniza­
tion energies of HF, HCI, HBr, HI, and H,O, respectively,
being 16.05, 12.74, 11.67, 10.38 (/8), and 12.62). These
values imply that the ionization potential characterizing the
halogen lone pair orbital "modified" by interaction (sec Fig·
ure 7) would exceed that of the uninnuenced halogen orbital
in the case of elhylene chlorohydrin, but that the reverse would
be true for the bromohydrin. Similarly the ionization po­
tential characterizing the Hoxygen lone pair" would be lowered
by interaction Wilh the chlorine orbitals, but be increased by
interaction with the bromine orbitals.

Since interaction splits the chlorine peaks by 0.26 eV, and
the bromine peaks by 0.28 eV, the ionization potentials the
oxygen lone pair electrons would have had if interaction had
not occurred can be calculated by assuming that the energies of
the oxygen orbitals were affected to the same extent by inter­
action as the halogen orbilals. Then, the "inductive-effect
only" oxygen 2p ionization potentials arc 11.16 eV for the
chlorohydrin, and 11.01 eV for the bromohydrin, which gives
the theoretically expected order.

As the bromine peaks arc also split in the spectrum of epi.
bromohydrin, similar interactions can presumably take place
in this type of compound. Ionization potentials for these and
the other compounds studied are collected in Table J.

The first four peaks in the nuorohydrin speCtrum at 1I.0S,
12.6S, 13.09, and 14.00 eV can tentatively be attributed to
ionization from orbitals consisting mainly of oxygen lone pair
C-O, C-e, and nuorine lone pair, respectively, by anology

(IS) H. J. Lempka, T. R. Passmore, and W. C. Price, Proc. Roy.
Soc. (London), SeT., A., 304, 53 (1968).
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Figure 9. Correlation diagram of spectra of alkanes, haloslkanes, alcobols, and related compouods
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with other compounds. The oxygen lone pair and C-o
ionization potentials would be increased by the inductive
effect of fiuorine, and the fiuorine lone pair ionization poten­
tial would be cxpected in the region of 14-15 eY. As in other
fluorine containing compounds, the lone pair peak is much
less sharp than those of the other halogens. The energy dif­
ference between the oxygen and fiuorine 2p orbitals is too
great for interaction to be noticeable. The C-O and C-e
orbitals will presumably have an appreciable C-H contribu­
tion.

Anal)·t1al Applicability. The conclusions reached in Part
I about the analytical value of thc method are confirmed by
the results obtained in this study. The photoelectron spectra
of the compounds examined arc sufficiently different to form
the basis of qualitative identification. This is emphasised in
the stylized presentation of the spectra of the compounds
discussed, and some related compounds, in the form of a cor­
relation diagram (Figure 9). Again it is obviously best to

obtain a compound in a pure state before running its spectrum,
although some impurities with well defined spectra may be
readily recognizable, e.g., water, nitrogen, hydrogen, chloride,
etc. To confirm this conclusion, the spectrum of a 1:1 (vlv)
mixture of chlorohydrin and bromohydrin was obtained.
As expected, most of thc peaks overlapped, but a careful
worker would readily deduce that there was an impurity in
his spectrum ofchlorohydrin or bromohydrin.

Again, the potential value of the method in structural anal­
ysis is shown. A full understanding of the extent and nature
of interactions of nonbonding electrons could have far reach­
ing implications in this connection.
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Computerized Learning Machine Applied to Qualitative Analysis of
Mixtures by Stationary Electrode Polarography

L. B. Sybrandt and S. P. Perone
Deparlmenl of Chemlslry, Purdue Unlverslly, Lafoyette, Ind. 47907

(7) N. J. Nilsson, "Learning Machines," McGraw-Hili Book Co..
New York, N. Y., 1965.

(8) K. S. Fu, "Sequential MeIhods in Pauern Recognition and
Machine Learning," Academic Press, New York, N. Y., 1968.

where x, is the ith component of a pattern having d points,
Xd+1 equals one, Wi is the weight corresponding to the ith
component, and s is the scaler result. The category in which
a given pattern is placed is determined by the sign of s. The
convention used here is

for i = 1,2, ... , d + 1, where c is the correction increment.
The correction increment is determined such that the new
scaler will equal the original scaler in magnitude, but have
the opposite sign. Thus, c, as derived by Jurs eI 01., (2) is
simply

If the training set is linearly separable, this procedure will
converge to a single weight vector which can correctly classify
all the pallerns. Training is terminated when the vector is
perfectly trained, or when a preset number of iterations
through the Iraining set is reached. The above training
procedure is repeated for each desired component of the
mixture. Thus, there is a weight vector corresponding to
each species to be identified.

(4)

(3)

(2)

(1)

-Zs
e=~

L: x,,
i-I

HI

S ~ L: w,x,
i-I

W.' = Wi + ex.

s > 0 species present

s < 0 species absent.

The set of weights, W" w" ..•, Wd+" represents a (d + 1)­
dimensional weight vector. This weight vector is determined
by an error-correction procedure. The vector is initiallizcd
arbitrarily to all ones. A set of representative patterns, the
training set, is presented sequentially to the classifier. When
a pattern is incorrectly categorized according to Equations 2,
the weights of Equation I are immediately adjusted in a
manner to correct that error. The adjusted weight, lVi',

is defined as

results were not evaluated solely on a statistical basis, but
the nature of specific errors made was considered. Finally,
attempts were made to optimize decision criteria by methods
not previously reported.

The theory of learning machines can be found in texts by
Nilsson (7) and Fu (8). The mathematical approach dis­
cussed below is essentially that of Jurs, Kowalski, Isenhour,
and Reilley (2). A two-category patterns classifier can be
defined by a discriminate function which is a scaler, single
valued function of the pattern. If the patterns to be classified
are assumed to be linearly separable, then the discriminate
function takes the form

A computerized learning machine approach has been
evaluated for qualitative analysis of mixtures by sta­
tionary electrode polarography. The limiting effects
of concentration ratios, degree of peak overlap, and
peak potential variation have been Investigated. The
results were evaluated not only from an overall statis­
tical accuracy, but also the specific nature of errors
made was Investigated. This procedure allowed for
the specification of optimum categorization criteria.
Results Indicate that resolution Is limited by the pre­
cision of the experimental data and the concentration
ratios. Ideally precise overlapping polarograms could
be Identlfed with 2·mV peak separation over a 20-fold
range of concentration ratios. For data obtained
under ordinary experimental conditions, resolution
was limited to peak separations of 3~OmV for about a
IO·fold range of concentration ratios. Peak Identifica­
tion could be performed reliably under conditions
where peak overlap precluded visual resolution.

CHEMICAL MEASUREMENTS have often been plagued with the
problem of overlapping signals from two or more species in
a mixture. This overlap sometimes results in difficull
qualitative analysis of the sample. Mass spectral analysis,
ultracentrifuge schlieren pattern analysis, and kinetic anal­
ysis nfC examples where this problem may exist when one
must deal with mixtures. These authors are particularly
concerned with this problem in electroanalytical methods.
The work presented here demonstrates the applicability of
binary pattern classifiers to the qualitative analysis of mix­
tures by stationary electrode polarography.

Binary pattern classifiers have recently been used for
molecular formula determinations from low resolution mass
spectra (J, 2). They have also been applied to the c1assifi­
calion of infrared spectrometry data according to chemical
class (J), and to the interpretation of combined mass spectra,
infrared spectra, and melting and boiling points for the
determination of certain chemical characteristics, such as
double bond presence (4). Multicategory pattern classifi­
cation by least squares has been used for molecular formula
and molecular weight determination from mass spectra (5).
In each of the above applications, the data patterns resulted
from measurements on a pure chemical species. Wangen
and Isenhour (6) have recently used a learning machine
approach for semiquantitative analysis of mixed gamma-ray
spectra. The work to be described here demonstrates a
different learning machine approach. to the qualitative anal­
ysis of mixtures. This approach included consideration of
experimental deviations 'in real analytical data. Qualitative

(I) P. C. JUIS, B. R. Kowalski, and T. L. Isenhour, ANAL. CHat.,
41, 21 (1969). .

(2) P. C. JUIS, B. R. Kowalski, T. L. Isenhour, and C. N. Reilley,
Ibid., p 690.

(3) B. R. Kowalski, P. C. Jurs, T. L. Isenhour, and C. N. Reilley.
Ibid., p 1945.

(4) P. C. JulS, B. R. Kowalski, T. L. Isenhour, and C. N. ReiUey,
Ibid" p 1949.

(5) B. R. Kowalski, P. C. JulS, T. L. Isenhour, and C. N. Reilley,
Ibid., p 695. .

(6) L. E. Wangen and T. L.lsenhour, ibid., 42, 737 (1970).
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Concentration
0.00Hl.000
O. IlXHl. 199
O. 2lXH). 299
O. 3()(H). 399
0.4OlHl.499
0.400-1.599
1.600-1.699
1.700-1.799
1.800-1.899
I.900-2. 000

A large number of patterns are usuaJIy required to train
the weight vectors. For many analytical techniques, it is
impractical to make measuremenl5 on actual mixtures to
obtain this large training set. It is therefore necessary to
have a means bY which synthetic mixtures can be generated.
For stationary electrode polarography (SEP), the current
contributed bY each species is usually additive over the whole
curve in a mixture. This relationship is valid for mixtures
of Cd(II), In(I\I), and Sb(JII) (9). Here, a set or standard
curves for single-component solutions was obtained experi­
mentally at one concentration. These standards were multi­
plied by random numbers to represent concentration varia­
tions and then summed to generate synthetic mixtures ror
training.

EXPERIMENrAL

Digitized stationary electrode polarograms were obtained
for single-component solutions or Cd(lI), In(JII), and Sb(JII),
each at 5 X 10-'M in J.OM HC!. The computer-controlled
dual-cell apparatus is described elsewhere (9). The p0­

tential sweep was from -0.100 V to -0.800 V os. SCE. A
sweep rate or 1.00 Vlsec was used. Data were digitized at
2-mV intervals. Data were obtained under conditions ap­
proximating as closely as possible those under which routine
electroanalytical data would be obtained. That is, pro­
cedures were carerul, but not rigorous. Cell temperatures
were ambient; instrument recalibration was not carried out
before each run; solutions were not dcaerated between
each run; etc.

All chemicals used were reagent grade. lbe distilled
water was further purified by passage through a mixed bed
cation-anion exchange resin. Three separate presumably
identical solutions were prepared for each species. Each
sample solution was placed in the cell, deaerated with high
purity nitrogen, and 4 runs were obtained, with an ensemble
average of 8 voltage scans per run. The averaged data for
each sample were punched on paper tape ror later use. These
36 polarograms are termed the standard curves.

All learning machine experiments to be discussed were
performed on a Hewlett-Packard 2116A l6-bit digital com­
puter with an 8K-word core memory. Peripheral devices
included an ASR/35 teletype, high speed paper tape punch,
high speed photoreader, Calcomp plotter, and a Hewlell­
Packard Model 2020 magnetic tape unit. The external,
rapid-access magnetic tape storage device was required be­
cause of the limited core memory size, since a large amount
or data must be processed to train the weight vectors. All
programs were wrillen in Hewlell-Packard FORTRAN or BASIC.
(These programs Bre available from the authors upon request.)

LEARNING MACHINE PROCEDURE

Three separate programs were used to implement the
pallern classifier. The first program constructed synthetic
mixtures from the standard SEP curves. The standard
curves were loaded into core memory oia the high speed
photoreader. A set or random numbers, previously gen­
erated on paper tape, was then loaded oia the reader in groups
or three, eBeh corresponding to B component in the synthetic
mixture. The mixture was calculated and stored on mag­
netic tape, rollowed by the random numbers representing the
concentrations in that mixture. Additional synthetic mix­
tures were generated with subsequent groups of random
numbers until the desired number of mixtures was obtained
for the training set, usually 200. A training program was
then used to calculate weight vectors for qualitative analysis

(9) W. F. Gutknecht and S. P. Perone, ANAL. CHEM., 41, 906
(1970).

Table L DIItrIbatIoa or RaDd_ N-"en~ CaD­
etIItrIItu. for the Geaeratlon of:ZOO SEP Pa_ or Cd(D),

ID(III), and Sb(IIl) In the 0.1 to Z.O Cooceatratloa R.aDae
Traini08 set PmIiction set

Cd In Sb Cd In Sb

31 33 31 36 TI 32
10 8 g 10 II 9
8 10 13 8 5 IS

II 10 S 8 3 S
t2 18 19 II II II

102 80 98 97 110 95
2 8 II 4 12 9
4 12 9 8 6 4
9 13 10 10 9 t2

II 8 6 8 6 8

using the training set data stored on magnetic tape. These
vectors were trained sequentially because of core limitations.
Each trained weight vector was punched on paper tape
before proceeding with the next vector. A third program
utilized the trained weight vectors for recognition and pre­
diction. For this work, recognition will designate the qual­
itative analysis of mixtures generated by the same standard
curves as used in training, and predictioll will refer to the
qualitative analysis of synthetic mixtures which are generated
from other standard curves.

RESULTS AND DISCUSSION

The random numbers used to calculate concentrations were
varied from 0 to 2.0, with all numbers less than 0.1 set to O.
Since the standard polarograms were obtained at 5 X to-'M,
this represents a concentration range of 5 X Io-'M to I X
to-·M. A zero concentration is an important consideration
for training, so the random number generator was further
biased to provide an additional to% probability of this
occurrence. Thus, the total probability of a zero concen­
tration for a given component is about 15%. The random
number distributions for the training and proidiction selS
of 200 synthetic mixtures each are shown in Table 1. Weight
vectors trained on this concentration range are applicable to
any other 2O-fold range, provided a conversion factor is
applied to the sufficiently precise data. For the sake of
simplicily, concentrations will be referred to by the random
numbers used to generate the synthetic mixtures.

Peak locations for the 36 stBndard polarograms are shown
in Table U. Because of the manner in which these curves
were obtained, the peak locations vari"" consitkrably more
between samples than between runs of a sample. Maximum
peak height variations were about 3, 4, and 5%, respectively,
for Cd(ll), In(lll), and Sb(III). A mixture of Cd(ll), Io(lIl),
and Sb(III) resull5 in a polarogram with a well-resolved
Sb(III) peak, and considerable overlap of the Cd(ll) and In(lII)
signals. A typical stationary electrode polarogram for an
approximately equimolar mixture of Cd(ll), In(lIl), and
Sb(III) is shown in Figure I. This figure demonstrates the
reasons for selecting this particular system for study here.
The well.separated Sb peak provides a relatively uncom­
plicated identification problem, whereas the In-Cd peaks
overlap so strongly as to create a very challenging analysis
problem.

Weight vectors can be perfectly trained at the 0.1-2.0
concentration range if the data fluctuation is kept to a mini­
mum. A set of 100 mixtures randomly generated from a
single run for each component was correctly dichotomized
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Table JI. Peak Locations of Standard SEP Curves of CdOn, Inom, and SbOJI) .s. SCE

sample
Relative

No. Species Run No. I No.2 No.3 No.4 location"

I Cd -628 mV -628 -628 -626 H·

2 Cd -622 -620 -620 -620 L

3 Cd -624 -624 -624 -624 M

I In -588 -588 -588 -588 H

2 In -582 -582 -580 -580 M

3 In -580 -580 -580 -580 L

I Sb -154 -154 -154 -154 L

2 Sb -156 -160 -160 -160 H

3 Sb -156 -156 -156 -156 M

• H - High, M = Middle, L = Low.

Iteration

2S 4
2S 5
9 0

samples No. I, 2, Runs 1-4.
Samples No. t. 3, Runs 1-4.
samples No. 1,2, Runs 1-4.

Species

Cd
In
Sb
Cd
In
Sb

Table 111. Results of Training Weight Vectors to Qualitatively
Determine Cd(ln, lo(lII), and Sb(III) in the 0.1-2.0 Concen­

tration Range. Training Set = 200 Patterns

Error
corTections

Training set:

patterns which might occur in a prediction set. For the
electrochemical data considered here, variations in peak
locations must be represented in the training set. If signal
variations arc primarily instrumental in nalurr, a peak shift
of a given magnitude and direction for one species will
correspond to an equivalenl shift for all other species in that
mixture. By generating synthetic mixtures with constant
relative peak locations, training is simplified since overlapping
peaks will be no closer for a given mixture than would be
observed experimentally.

To achieve a more representative Irnining set from the
polarograms shown in Table II. the samples representing
maximum (High) and minimum (Low) peak locations were
chosen. However, consistent with the preceding discussion,
each mixture was generated with either all high or all low
curves for each component, using the random numbers of
Table I. All runs of these samples were included in the train­
ing set. The results of training three weight vectors to quali~

tatively determine Cd(II), In(III), and Sb(111) in lernary
mixtures are shown in Table III. The right-most column
represents the number of weight vector corrections necessary
during the iteration designated. Only the Sb weight vector
trained perfectly.

A different weight vector was obtained after each error
correction. These vectors differed in their abilily to perform
qualitative analysis. The four Cd and five In weight vectors
obtained in the training process summarized by Table III
are identified by the leiters A thru E. Table IV depicts
the different recognition abilities of these veelors. Analysis
is based on the sign of s, as expressed in Equations 2. The
Cd weight vectors, C and D, and the In weight vectors, A,
B, and C, incorrectly classified a large percentage of mixtures
where these species were absenl (C = 0), and are not very
useful for qualitative analysis. However, the Cd weight
veclors, A and B, and In weight vectors, D and E, usually
determine the absence of a component, and have a high
probability of identifying the component when it is present.
It is significant that the errors occur only at the lower limits
of concentration, and only when the interfering peak is

SblIDI
I

Voltage-

Figure 1. Stationary electrode polarogram ofSb(111), In(111),
and Cd(lI) In I.OM HCI

after 12 iterations for Sb(lII), and 5 iterations each for Cd(ll)
and In(lII). PerfL'Ct training also resulted with training sets
comprised of all 4 runs of a given sample for each component.
In these "uses, the training sets consisted of 200 mixtures,
50 mixtures each of runs No. 1-4. Training was no more
dillicult than when a single run of cach species was used.
even though these sets incorporated the data lIucluation
between runs. In all training situations above, recognition
was perfect when the same data and different random num·
bers were used to generate the synthetic mixtures. However,
pCL-diction was often very· poor using data other than those
used in training. For example, percentage error in prediction
was 15.0r. for Cd, 5.0r. for In, and 3.5r. for Sb when
trained on all 4 runs of a given sample. More critically,
however, Cdlll), In(lII), and Sb(lII) were incorrectly classified
in 100,30, and 22r., respectively, of the mixtures where these
species were absent, (C = 0).

Independent Effects of Peak Overlap and Uncertainty in
Peak Location. A combination of peak overlap and data
fluctuation adversely affL'Cts training, but either condition
alone does nol. A single Sb(111) run was anificially sbiftL'd 1
data point cathodic and called a new species, X. As a mix­
ture, this represents t\\10 'identically shaped peaks separated
by only 2 mV. The concentrations of Sb(lIJl and X were
randomly varied as before. It was possible to qualitatively
identify either component in 100 binary mixtures after 4
iterations per weight vector, Conversely, the peak lo~ation
of Sb in an Sb, In, Cd mixture has been allowed to vary as
much as 8 mV, using 8 different runs in the training sel.
The Sb weight vector trained to perfection for mixtures in
the 0.1-2.0 concentration range, regardless of the training
difficulty observed for Cd(II) and In(III).

Generation of a Representative Training Set. The training
set should contain palterns which arc representative of the
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Table IV. R""ognItion Ability of Welgbt V""tora Obtained after Eacb Error Correction of Table m for Cd, In, llDd Sb

C > oerrors
Weight C = 0 errors/ Min/max

vector symbol Total errors Error, % total C = 0 Conen range Cd:ln ratio
Q. Cd

A 7 3.5 0/31 0.12-{).44 0.10/0.22
B 5 2.5 0/31 0.12-{).27 0.10/0.17
C 19 9.5 19/31
D 12 6.0 12/31

b. In
A 24 12.0 24/33
B 10 5.0 10/33
C 7 3.5 7/33
D 5 2.5 2/33 0.1s-{).26 6.18/9.22
E 5 2.5 0/33 0.1s-{).26 4.66/9.24

c. Sb
0 0 0/31

0.06/0.250.10-{).31

Conen range
C = OceroTsl
total C = 0

a. Cd-weight vector B

0/364.0

Table V. Prediction Ability of Best Weight Vectors of Table IV

____C> 0 errors"-~=-=cc­

Min/max
Cd:1n ratioError. %Total errors

4

o

0.5

2.0

o

b. In-weight vector D

0/27 O.IM.13
In-weight vector E

0/27 O.11-{).18
c. Sb-Perf""tly trained weight ve<:1or

0/32

9.85/9.85

2.99/9.85

present at a 5: 1 or larger conccmration ratio. The Cd
weight veclor B correctly classified 4 mixtures which had
Cd:In ratios between 0.10 and 0.16. In was correctly iden­
tified by In weight vector Din 5 mixtures wilh Cd :In ratios
between 6.6 and 13.6. The Sb weight vector correctly
classified all mixtures in the training sct.

The prediction ability of these weight vectors is shown in
Table V. This prediction set was formed from Cd sample
No.3, In sample No.2, and Sb sample No.3, runs No. 1-4,
using the concentration distribution shown in Table I. These
samples have peaks at different locations than those used in
training. The Cd weight veclor B could not identify Cd in
8 olthe 14 pallerns which had Cd: In ratios of 0.25 or smaller.
The In weight vector D erred oncc, on a mixture with 8 9.85
Cd :In ralio. The Sb weight vector correctly predicted all
200 patterns.

Comparison of R""ognition and Prediction Capability Using
Fixed Sct of Conccntration Ratios. The results presented in
Tables IV and V depend significantly on the number of
difficult mixtures which must be classified, and this will vary
for different random number sets. A valid comparison of
the recognition and prediction abllity for various weight
vectors can be made if the same set of concentrations, all
known, is used for both casl."S. Here, truining scts and
prediction sets would be generatl..-d from different groups of
standard curves, but identical sets of concentration ratios
would be used. To achieve this end, a set of known mixtures
was gencrated which have concentration ratios of varying
degrees of difficulty. The complete set of mixtures is shown
in Table VI for the 0.1-2.0 concentration range. This set
was used for further work reported here.

A recognition set of curves was gcnerated from the com­
positions of Table VI and the same standard curves used in
training the weight vectors evaluated in Tables III and IV.
The best weight vectors in Table IV were then used to classify
this recognition set. The results showed that Cd can be
correctly identified at a 1:10 or 1:4 Cd:In ratio, depending
on the sample tested. Likewise, In presence was recognized
at a 4: I or 10: I Cd: In ratio. All mixtures in which Cd or
In were absent were correctly categorized. Sb classification
errors involved only zero or 0.1 concentration levels and the
per cent error was 1.1 % averaged over all samples.

The prediction ability of the weight vectors was evaluated
using the set of compositions given in Table VI and the
standard curves used for Table V. The results were com­
parable to those for the recognition set. Cd could be
identified correctly at a 1:4 Cd: In ratio. and In was identified
correctly at a Cd:In ratio of 7:1 or 5:1, depending on the
particular standard curve used to synthesize the mixture. No
errors in classifying Sb were observed.

m""ls of Modifying Critcrion for Classification. The
weight vectors of Table IV which were considcrL'd acceptable
classifiers were those giving the fewest C = 0 classification
errors, based on the sign of s as shown in Equations 2. Only
Iwo of Ihe four possible Cd weight vectors were acceptable
on this basis. However, the remaining weight vectors may
become beller classifiers if Ihe decision is based on an s
value greater or less than some positive number, s', rather
than the sign of s alone. The number s' is sel slightly larger
than the largesl value of s which occurs when a weight vector
makes C = 0 classification errors in the training set. The
two-category classification is then
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Table VI. CoocentratlollS of Cd, In, and Sb for Mixtur<s- Used 10 Test Welgbl Vectora

Mix No. Species Conen Mix No. Conen Mix No. Conen Mix No. Conen Mix No. Conen Mix No. ConeD

Cd 0.0 18 0.4 35 1.0 52 1.0 69 2.0 86 1.0

In 0.0 1.0 0.5 0.5 2.0 1.0

Sb 0.0 1.0 0.5 1.0 0.2 0.8

Cd 2.0 19 0.5 36 2.0 53 1.0 70 2.0 87 1.0

In 2.0 1.0 0.0 0.6 2.0 1.0

Sb 2.0 1.0 2.0 1.0 0.3 0.9

Cd 0.0 20 0.6 37 2.0 54 1.0 71 2.0 88 1.0

In 2.0 1.0 0.1 0.7 2.0 1.0

Sb 2.0 1.0 2.0 1.0 0.4 1.0

4 Cd 0.1 21 0.7 38 2.0 55 1.0 72 2.0 89 0.5

In 2.0 1.0 0.2 0.8 2.0 0.5
Sb 2.0 1.0 2.0 1.0 0.5 0.0

Cd 0.2 22 0.8 39 2.0 56 1.0 73 2.0 90 0.4
In 2.0 1.0 0.3 0.9 2.0 0.4
Sb 2.0 1.0 2.0 1.0 0.6 0.0

6 Cd 0.3 23 0.9 40 2.0 57 1.0 74 2.0 91 0.3
In 2.0 1.0 0.4 1.0 2.0 0.3
Sb 2.0 1.0 2.0 1.0 0.7 0.0

Cd 0.4 24 1.0 41 2.0 58 0.5 75 2.0 92 0.2
In 2.0 1.0 0.5 0.0 2.0 0.2
Sb 2.0 1.0 2.0 0.5 0.8 0.0

Cd 0.5 2S 0.0 42 2.0 59 0.4 76 2.0 93 0.1
In 2.0 0,5 0.6 0.0 2.0 0.1
Sb 2.0 0.5 2.0 0.4 0.9 0.0

9 Cd 0.6 26 0.0 43 2.0 60 0.3 77 2.0 94 0.0
In 2.0 0.4 0.7 0.0 2.0 2.0
Sb 2.0 0.4 2.0 0.3 1.0 0.0

10 Cd 0.7 27 0.0 44 2.0 61 0.2 78 1.0 95 0.0
In 2.0 0.3 0.8 0.0 1.0 1.0
Sb 2.0 0.3 2.0 0.2 0.0 0.0

11 Cd 0.8 28 0.0 45 2.0 62 0.1 79 1.0 96 1.0
In' 2.0 0.2 0.9 0.0 1.0 1.0
Sb 2.0 0.2 2.0 0.1 0.1 2.0

12 Cd 0.9 29 0.0 46 2.0 63 2.0 80 1.0 97 0.5
In 2.0 0.1 1.0 0.0 1.0 0.5
Sb 2.0 0.1 2.0 0.0 0.2 1.0

13 Cn 1.0 30 0.0 47 1.0 64 1.0 81 1.0
In 2.0 0.0 0.0 0.0 1.0
Sb 2.0 2.0 1.0 0.0 0.3

14. Cd 0.0 31 0.0 48 1.0 65 1.0 82 1.0
In 1.0 2.0 0.1 2.0 1.0
Sb 1.0 0.0 1.0 1.0 0.4

IS Cd 0.1 32 0.0 49 1.0 66 0.5 83 1.0
In 1.0 1.0 0.2 1.0 1.0
Sb 1.0 0.0 1.0 0.5 0.5

16 Cd 0.2 33 0.0 SO 1.0 67 2.0 84 1.0
In 1.0 0,0 0.3 2.0 1.0
Sb 1.0 1.0 1.0 0.0 0.6

17 Cd, 0.3 34 2.0 51 1.0 68 2.0 85 1.0
In 1.0 1.0 0.4 2.0 1.0
Sb 1.0 1.0 1.0 0.1 0.7

• Mix 24 ~ Mix 57 £ Mix 88; Mix 31 ~ Mix 94; Mix 32 = Mix 95.

s - .I' > 0 species present 62 and 93, where In is nol presenl or present in a minimal

s - .I' < 0 species absent
(5) amount. Two of the In weighl vectors gave similar results.

Classificalion of the prediction set, Table VIII, gave
Tables VII and VIII describe Ihe ability of the weight vectors beller results Ihan in Table VII. Moreover, the results were
10 classify the mixlures of Table VI using data of the lraining beller than when using Equalions 2 and lhe weighl veclors
sel and prediclion sel, respectively. Classificalion is based of Table V. The Cd weighl vectors again missed mixtures
on the scheme shown in Equations 5. Qualilative analysis 62 and 93, bUI could classify correctly for Cd: In ralios of
of the training set data is not so good as Ihal based on Equa- aboul 1:7 or larger. The In weight veclors Band C in-
tions 2, and the weighl vectors of Table V. The Cd weighl correclly calegorized only 2 or 3 mixlures in Ihe 10:110 20:1
vectors incorrectly classify C = 0 conditions where In is Cd:ln ratio range. No incorrect C ~ 0 decisions were made.
presenl al a 2.0 concentration. They also erred on mixlures By classifying pallems according 10 Equations 5, one can
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Table VD. Ability of Weight Veet..... to Qualitatively
Classify the Mixtures of Table VI Vslng the Data of the

Tralolng Set. Decisions Based 00 Equations 5

Mixtures Incoll<Clly Classified

Set I" Set 2 Set 3 Set 4
Q. Cd-weight vector C, s' - 42CXJ

Table VOl. Ablllty of Weight Vcetors to QualitaUvely
Classify the Mixtures of Table VI Vslog Data of the Prcdictloo

Set. DecisIons Based 00 EqU2Uons 5

Mixtures Incorrectly Oassi6ed

Set I" Set 2 Set 3 Set 4
Q. Cd-weight vector C, J' - 4200

3 3 4-5 3
31 62 15 15
62 93 62 62
93-94 93 93

Cd-weight vector D, s' = 3680

3 3 4-5 4
31 31 15 15
62 62 62 62
94 94 93 93

b. In-Vt'Cight vector A, s' = 5476

29 29 29 29
37-38 37-38 93 36
48-49 48-49 93
93 93

In-weight vector B, s' = 3910

29 29 None 36
37-39 37-39 63
48-49 48-49
93 93

In-weight vector C. s' = 3622

37-39 37-39 None 63
48-49 48-49
93 93

4-5 4 4 4
15 IS 15 IS
62 62 62 62
93 93 93 93

Cd-weight vtCtor D, s' - 3680
4-5 4 4 4

15 15 15 15
62 62 62 62
93 93 93 93

b. In-weight vector A, s' ... 5476

29 29 29 29
37-38 37 37 37
48 48 48 48
93 93 93 93

In-weight vector B, s' = 3910

37-38 37 37 37
48 48 48 48

In-weight vector C, s' ... 3622

37-38 37 37 37
48 48 48 48

- Sets 1 to 4 correspond to slandard curves from Runs 1 to 4
of Cd and Sb Samples 3 and In Sample 2 (Table II).

samples. In classification was correct at 10:1 Cd:ln mlios,
again with no C = 0 errors. Sb can be classified perfectly
for these two samples. Sample No. I (sets No.1 and No.2,
part u, Table IX) was more difficult to classify for all three
species. Cd was considered present in mixtures where In
was present at 1.0 or 2.0 concentration levels. In could only
be detected at 5: I Cd: In ratios or smaller. Sb was classified

4

Set 4

None

Set 4

4
IS

Set 3Set 2

3
14
31-32
94-95

b. Prediction set data·

Cd-w'cighl veclor C. s' = 1724

None

Cd-weight veclor D, s' = 1594

None

Cd-weighl vector D, s' - 1594

Set 1

Set 1

3
14
31-32
94-95

3
14
31-32
94-95

4

15
4-5

IS

- Sets Ilhru 4 correspond to Ihose for Table Vll .
• Sets I IhTU 4 correspond to those for Table VIII.

Table IX. Qualitath·e Oassification Ability of Cd Weight
Vectors Based on EqU2tions S. s' Chosen to Give Only One

C = 0 Error in Training Set

Mixlures Incorrecl1y Classified

o. Training set dala-

Sel 2 Set 3

Cd-weight vetlOr C, s' = 1724
3 4

14
31-32
94-95

• Sets 1 and 2 corresponded to standard curves from Runs I and
2 of Cd, In, Sb Samples I (Table II). Sets 3 and 4 correspond
to standard curves from Runs I and 2 from Cd and Sb samples
2 and In Sample 3 (Table II).

choose the type of results obtained by an appropriate choice
of 5'. A large 5' will classify C = 0 conditions correctly,
while incorrectly classifying smaller peak ratios. A smaller
s' will classify larger peak ratios correctly, but miss more
C = 0 conditions. Thus, a compromise might be considered.
Table IX shows the results of lowering s' from 4200 to 1724
for the Cd weight vector C, and from 3680 and 1594 for the
Cd weight veclor D. Both of these lower s' values were
selected to allow only one C = 0 error on the randomly
generated training set. Table IX refers to mixtures generated
with the concentralions listed in Table VI. Comparing
Tahle IX, part u, with Table VII, part ", it is observed that
mixtures 62 and 93 arc now correctly classified at the 0.1
concentration level for sets No.1 and No.2, whereas mixtures
14 and 32 arc now incorrect. Ovemll, there arc a consider­
able number of C ~ 0 errors for sets No. I and No.2. How­
ever, sets No.3 and No.4 are classified very well by using
the compromise s', 8S Cd weight vector C only missed the
I :20 Cd :In ratio. The prediction data, Table IX, part b,
shows a marked improvement in qualitative analysis by using
the compromise s' as opposed to the maximum s' (Table
VIII) or minimum (s' = 0). Cd can be identified at about
I :10 Cd: In ratios in the prediction set. Cd weight vector C
correctly classified all mixtures of Table VI for sets No. 3
and No.4 of the prediction set.

In summa.ry, inspection of specific errors made shows that
two samples resulted in good qualitative analysis. These
were one of the two used in training and the sample used
for prediction. Cd indentification was successful at about
I :10 Cd :In ratios. No C = 0 errors were made on these
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Table X. RecopJtJoa Ability of Wel8ht Vedora 0btaIDed after 1'ralaIlIa Erron for
Cd, X3, ad Sb MJxtureo. Declsloo Bued 00 Equations 2. Not aU Welpt Vectors Lilted

c> Oerron

Weilbt C .0 errors! MIn/nwc
wet.. l)'IIlboi Total erron Etror,% total C • 0 Coocn range Cd:X3 ratio

Q. Cd

A 9 4.' J/31 O.llHl.4' 0.10/0.22-
B 9 4.' 0/31 0.llHl.4' 0.10/0.22
C 5 2.' 1/31 0.12~.~ 0.10/0.14
0 7 3.' 0/31 0.12~.4' 0.10/0.22

b. X3

A 32 16.0 0/33 0.11-1.30 1.10/13.6
B 14 7.0 3/33' O.II~.~ 3.14/12.2
C 11 ,., 0/33 O.II~.~ 3.'0/12.2
0 16 8.0 2/33 O.II~.'O 1.10/12.2
E 16 8.0 0/33 O.II~.~ 1.10/12.2

c. Sb

0 0 0/31

- ODe X3 contaItration was O.
'All missed when [Cd).• 0 and [Sbl > 1.2.

as absent in 20:20:1 Cd:ln:Sb mixture, and incorrectly
identified when Cd was present at a 1.0 or 2.0 conccntration
and In WI\$ also absent.

Effect of Increased Peak Over"p. The elTect of increased
peak overlap on 1rainins was investi88led. Weishl vectors
were Irained to qualitatively determineCd(ll), X3, and Sb(III),
where the species X3 represents In(lII) data moved 10 mV
(' data points) cathodic toward lhe Cd peak. The Iraioins
set was otherwise identical to that of Table III. After 25
iterations, there remained 12 errors for the Cd weisht vector
and 13 errors for the X3 weight vector. The Sb weight
vector was perfectly trained in 7 iterations. Table X de­
scribes the recognition ability of certain Cd and X3 weisht
vectors obtained after error corrections during the training.
Comparing those results with those of Table IX, it is ob­
served that Cd can be idenlified nearly as well when the peaks
are separated by 30 mV as it can when the peaks are at their
normal separation of 40. mV. However, when the Cd: X3
ralio is greater than aboul 3.S: I, X3 is incorrectly classified
in the best case. This does not compare favorably to the
minimum 4.7:1 Cd:ln ratio at normal peak separation.

CONCLUSIONS

The work described here obviously represents only the first
steps toward providing compuleri2ed interpretation of elec­
lroanalYlical data by paltem recognilion. The unique prob-
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lems afforded by normal fluctuation of electroanalytical data
and severe peak overlap have been considered. Considera­
lion of the specific nature of classification errors mode has
allowed the optimization of catesorization crileria. Quali­
tative analysis of severely overlapped peaks by lhe learning
machine approach is about as good as seeond-derivative
measurements in stationary electrode polarography (9).
Both methods are successful to about 10:1 peak ralios for
a separation of around 40 mY. However, it is encouraging
to nole that as one allows no experimental deviation in reduc­
tion peaks, the qualitative resolution afforded by the pallem
recognition approach here was 2 mY. Further investi88tion
of this fact seems worthwhile, as does the extension to other
electroanalytical techniques, such as second-derivative SEP.
In addition, the quantitative evaluation of clectroanalytical
data by learning machine methods should be investi88ted.
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Determination of Hydrogen Sulfide, Sulfur
Dioxide, Carbonyl Sulfide, Carbon Disulfide,
and Carbon Dioxide in a Gas Mixture

Arthur Schwartz

Development Center, Chemical Construction Corporation (CHEMICO), New Brunswick, N. J. 08903

The objective of the work undertaken was to determine
hydrogen sulfide In the presence of other sulfur gases
which usually interfered. A cupric sulfate solution
quantitatively removes hydrogen sulfide as a cupric
sulfide precipitate, while another cupric sulfate solution
In the presence of chloride Ions oxidizes sulfur dioxide
to sulfur trioxide. These gases are then determined by
applying simultaneous equations to reactions Involving
the Increase of acid and the loss of copper. Carbonyl
sulfide and carbon dioxide, which are acidic gases, and
carbon disulfide, which is not soluble In water solutions,
are not absorbed In the aqueous acidic copper solutions.
Simultaneous equations are applied to results obtained
by an iodination and by a bromination to determine
these sulfur gases, while a standard acid-base analysis
determines carbon dioxide. An accuracy of better than
3% and a precision of 0.5% is possible for the deter­
mination of hydrogen sulfide and sulfur dioxide.

THIS WORK was originally begun after studying anomalous
results obtained by a standard procedure for the determination
of hydrogen sulfide in Ihe presence of sulfur dioxide using
aqueous ammoniacal cadmium chloride solutions as the ab·
sorbenl (I). Allhough carbonyl sulfide is nol very soluble in
aqueous solutions, and carbon disulfide even less so, sufficient
quantities remain in the high concentration of ammonia and
react with cadmium chloride to pn.'cipitatc as cadmium sul­
fide, thus falsely indicaling a high concenlration of hydrogen
sulfide.

Although a method has been described for Ihe determination
of these gases hy gas chromatography, (2), waler inlerferes
with the determination or H:..S. In addition, in order to sepa­
rate COS from SO" the required flowrale and lemperalure
were such that it took more Ihan an hour before Ihe CS, peak
was observed, making it impractical to take samples from
several points within a shon period of time.

EXPERIMENTAL

Scope. The normal amounl of copper sulfate reCom­
mended in Ihe procedure, 50 ml of 0.5N, should oxidize a
maximum of 50 ce of sulfur dioxide al standard temperature
and pressure within a reasonably short lime of gas-liquid
conlacl. Either the volume of inerl gas laken musl be ad­
jusled to conlain this maximum of sulfur dioxide, or Ihe vol·
ume of 0.5N copper sulfate must be incre8Sl.'lI for larger'
amounts of SO,.

The capacilY of copper sulfale for hydrogen sulfide removal
is greater Ihan Ihat for sulfur dioxide-aboullOO cc per 50 ml
of O.5N CuSO.. The amounl of copper sulfate and/or Ihe
volume of inert gases taken must be adjusted accordingly for
any combination of these two gases.

(I) V. J. Altieri, "Gas Analysis and Testing of Gaseous Materials,"
The Amerlcan Gas Association, Inc.• 420 Lexington Avenue,
New York, N. Y., 1945, P 346.

(2) H. M. McNair and E. J. Bonelli. "Basic Gas Chromatography,"
Varian Af'lOgruph, Varian Associates. Palo Alto, Calif., March
1969, p 64.

Apparatus used consisled of a wel·tesl meter or water dis­
placemenl gas-measuring apparalus (similar to Reich tesl
apparalus); a nitrogen cylinder; 12.5-cm Whatman No. 541
filter paper; 24-cm Whatman No.2 filter paper; a 80 mm
long stem funnel; a 150-mm powder funnel; 3 Fleming gas
purifier jars wilh tapered inlernal inlets, each 150 mm hish;
a 500·ml plastic slorage bottle with rubber stopper through
which a glass lube is inserted for making dropwUe addilions
of 40 % NaOH; and a 2-inch length of KeI·F lubing for
lJUlking connection 10 a hoI sample line.

Reagents. O. 5N CoPPER SULFATE. Weigh 250 g of reagent
grade, fine crystal cupric sulfale· 5 H,o (mol wt 249.686) into
a clean, dry, tared 3-liter beaker; add 1600 ml of water while
slirring the mixture. Quanlitalively transfer the clear solu·
lion 10 a 2-liter volumelric ftask and add dislilled water to the
lJUlrk. After Ihoroughly mixing Ihe solution, filter il throush
a 24-cm Whalman No.2 filter paper supported by a large pow.
der funnel resling on a 2-liter Erlenmeyer llask. Stopper tbc
flask and label il: "0.5N Copper Sulfate for SO, Reduction."

To obtain 25 % sodium chloride, 25 % potassium bromide,
25 %potassium iodide, and 25 %barium chloride, dissolve 250
g of each salt, respeclively, in water, and dilute each 10 I liter
in a graduate.

2.5 %SoDIUM CHLORIDE. Fifty mI of 25 %sodium chloride
plus 450 ml of dislilled waler was slored in a plastic wash
boltle.

40% SoDIUM HYDROXIDE. Use standard aqueous solution
on a weishtlo weighl basis.

0.05N HYDROCHLORIC ACID. Dilute 100 ml of O.5N hydro­
chloric acid 10 I liter with water.

ACID INDICATOR "A" was prepared by using 0.1 gram 4{4­
dimelhylamino-l·napthylazo)-3.methoxybenzenesulfonic acid
(E.K. No. 1954) in 100 ml of water. Add O.IN sodium hy­
droxide dropwise, unlil a solution results. (A small amounl
of precipitale is acceptable.) Slore in a brown boltle.

BROMATE INDICATOR "B," One·tenth gram of~thoxy·
phenylazo)-m-phenylene-diamioe monohydrochloride (E.K.
No. 5314) in 100 mI ofwaler. Store in a brown bottle.

CARBONATE INDICATOR "c." Dissolve 0.06 gram of brom­
cresol green and 0.04 gram of methyl red in 100 mI ofethanol.
Slore in a brown boltle.

ALCOHOLIC PoTASSIUM HYDROXIDE SoLunoN. Weigh 100
grams of potassium hydroxide pellets inlo a dry I-liter beaker.
Add 950 ml ofabsolute ethanol. Slir the mixlure by magnetic
agitation, using a large Teflon-<:osled spin bar. OccasionallY
a glass rod may be required 10 slir KOH pellets thaI have ac­
cumulated ncar Ihe walls oflhe beaker. When the bulk of the
pellets is in solution (potassium carbonate remains as a resi·
due), filter Ihe mixture Ihroush a piece of glass wool in a large,
plastic powder funnel supported by a I-liter Erlenmeyer llask.
Add 50 mI of distilled waler directly 10 the flask, and slir the
solution. Slopper Ihe flask loosely with a rubber slopper;
when the solulion has cooled, slopper the llask lightly and
slore it in a refrigeralor when nol in use.

Procedure. A. SAMPLING. Three Fleming gas purifier
jars Were filled as follows: Jar I-as indicaled in Table I;
Jar 2-25 ml of 0.5N copper sulfale, 40 ml of 25% sodium
chloride; Jar 3-75 ml of alcoholic potassium hydroxide.
They were connected in order, directly to tbc sample source
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,. For a mixture of the two gases. add half the estimated %H,S to
the estimated %502 and usc this figure as "total 501."

RESULTS AND DISCUSSION

Theor)'. The following reactions are pertinent to the
analyses to be describL-d:

Cu" + H,5 - CuS ~ + 2H~ (I)

Cu" + '/, SO, + CI- + H,O - CuCI (complex) +
'/, SO,'- + 2H+ (2)

Cu" + 21- - 'I, I, + Cull (3)

'I. BrO,- + Cu+ + H+ _ II. Br- + Cu" + '/, H.o (4)

Hr-+II+
II. BrO,- + '/0 COS + 'I. H.o~ '/, CO, +

'I, SO.'- + '/" Br, + 'I, H+ (5)

'I. BrO,- + '/" cs. + 'I. H,O~ '/" CO, +
'I. SO,'- + ''', Br, + '/, H+ (6)

1{6 BrOa- + 2 COS + 9.S H:O~ 2 CO2 +
2 SO,'- + 'I, Br, + 19 H+ (7)

1/. BrO a- + CSt + 'I: HzO~
CO, + 2 S + 'I, Br- + 3 H+ (S)

II, BrO,- + 'I, Br- + H+ - '/, Br, + '/, H,O (9)

'I, Br, + 1- - 'I, I, + Br- (10)

Cupric sulfide is one of the most insoluble of metallic sul­
fides, being exceeded in insolubility only by the sulfides of
silver and mercury. As seen in Reaction I,one mole of cupric
ions is required per mole of hydrogcn sulfide, yieldins one
mole of cupric sulfide precipitate and two equivalents of acid.

In Reaction 2, one mole of cupric ions is required for each
half mole of sulfur dioxidc. Chloride ions arc required to
complex the resulting cuprous ions to inhibit them from re­
oxidizing to cupric ions (3). Two equivalents of add are
produced for each half mole of sulfur dioxide.

When iodide ions are added to a mixture of cupric sulfate
and cuprous chloride. only the cupric ions will react as seen in
Reaction 3. One mole of cupric ions yields one equivalent of
iodine and one mole of cuprous iodide-a white precipitate.

ofphenolphthalein indicator were added. Half-normal hydro­
chloric acid was added to a l-drop clear point followed by the
addition ofO.INsodium hydroxidc to a pink end point. The
mixture was then carefully adjusted with O.OSN hydrochloric
acid to a clear end point, and the buret re-zeroed. After 10
drops of Indicator "C" was added, O.OSN hydrochloric acid
was added until the mixturc was colorless. and the volumc of
acid used was recorded.

Three blanks were dctcrmined on 75 ml of alcoholic potas­
sium hydroxide in a 200-ml volumetric flask in the same man­
Der just described.

Standardization. O.SNCOPPER SULFATE. The same tech­
nique was used to standardize the copper sulfate solution as
was used in thc analysis, except that Fleming jars were
omitted, Indicator "A" was not added. and titration with
a.IN sodium hydroxide was nol done. Sodium thiosulfate
was used as the standard.

Calculations. The calculations wcre based on the reac­
lions described under Results and Discussion; the volume
of a mole of sulfur dioxide at standard temperdture and pres­
surc was taken as 21.9 Iitcrs, and the molar volumes of the
other gases as 22.4 liters.

(3) Tbera1d Moeller. "Inorg. Chemistry." John Wiley &: Sons.
Inc.• New York, N. Y., 1952, P S26.

800
400
200
ISO
100

Table II. Volwne of IDert Gas Sample

Optimum volume.
inens (uncorrected).

ec
Estimated concentration-

%Ho5-·-- -~%-So,
5 <5

10 5
20 10
30 IS

20

Table I. Composjtloa of First Jar

Estimated % HoS 0.5NCuSO. 25% NoCI H,o

<0.5 25 ml 25 ml IS ml
0.5 to 10 25 10 30
>10 SO 10 0

clo a 2-inch lenglh of Kd·F tubing. or separated from the
sourCe by a l4-inch length of glass tubing if the source was
over SOO °C. The volume of gas taken was monitored by a
wet-tcst meter ottached to Jar No.3. The flowrate was ad­
justed to 25 to 40 cc per minule. and the volume of nonreae­
tive or inert gas was taken as indicated in Table II. The
temperature of the gas. the water-vapor pressurc at that tem­
perature. and the barometric pressure were recorded, and the
jars purged with nitrogen for I to 2 minutes.

The contents of Jar No. I were filtered through a Whatrnan
No. 541 filter, into a 500-ml volumetric flask, and the jar and
residue were rinsed by a 2.5 % sodium chloride solution. The
solution of Jar No.2 was added directly to the flask unless it
was cloudy. in which case it was filtered also. The combined
filtrate was then diluted to 500 ml with distilled water.

The contents of Jar No.3 were diluted with distilled water
and made up to 200 ml in a volumetric flask.

B. ANALYSIS. Five drops of Indicator A were added to a
5O-m1aliquot from the 500-ml volumetric flask, and the aliquot
was titrated with O.IN sodium hydroxide to a pale yellow color
(disappearance of pink, or pH 4.2). If the end point had been
passed accidentally. I ml of O.IN sulfuric acid was added,
after Which the titration was continued with 0.1 N sodium hy­
drOXide. The volumes of acid and base were recorded.

After 10 mI of concentrated hydrochloric acid and 5 drops
of Indicator B were added, o.om potassium bromate was
added until one drop caused the solution to tum from purple
to green. The solution was then neutralized with 40% sodium
hydroxide until one drop of caustic caused a cloudy mixture,
after which 0.5N hydrochloric acid was added until one drop
cleared the mixture. After cooling the solution in a running
water bath for 5 minutes, 25 ml of 25 % potassium iodide was
added; after I minute, 100 ml of distilled water was added and
the mixture titrated with O.IN sodium thiosulfate to a starch
end point, and the volume of thiosulfate used was recorded.

To a 5O-ml aliquot from the 200-ml flask. 20 ml of 25%
potassium bromide. 25.0 inl of O.IN potassium bromate. lind
20 ml of concentrated hydrochloric acid were added. After a
few seconds, 15 ml of 25 % potassium iodide was added. the
SOIUtiOD was titrated with O.lN sodium thiosulfate to a starch
end point, and the volume of thiosulfate used was recorded for
this uBromination" titration.

To another 5O-ml aliquot from the 200-m1 volumetric flask,
20 ml of 25% potassium iodide. 2S.0 ml of O.IN potassium
bromate. and 20 ml of concentrated hydrochloric acid were
added. After 30 seconds, the mixture was titrated with O.IN
sodium thiosulfate to a starch end point. and the volume of
thiosulfate used was recorded for this "Iodination" titration.

To a IQ-ml aliquot from the 200-m1 flask. 40 mI of a 25 %
b&rium chloride solution, 50 ml of distilled water. and 3 drops

390 • ANALYTICAL CHEMISTRY, VOL. 43. NO.3, MARCH 1971



The concentration and quantity ofcopper sulfate and sodium
chloride outlined in Table I was changed when a larger gas
sample was desired, or when the concentration of SO: or H~
fell outside the range indicated in the Table.

Chloride ions were not required for H~S but were very eS­
sential for SO,; therefore, with high concentrations of H,S and
low concentrations of SO~. the sail was reduced as secn in
Table I. Indeed, in the presence of chloride, too much H,s,
and therefore too much CuS, caused errors (high H,s, low
SO,):

These errors are shown in Table III.
Mixtures of H,S and SO, for the experiments shown in

Table 111 were not made up in one lank in order to prevent any
reaction betwcen the two gases; however, it was felt that the
stepwise addition of H,s, followed by SO, would not be sig­
nificantly different analytically from passing a mixture of the
two gases from a single sample point through the copper sul­
fate solution. The results shown in Table III are averages of
two experiments each, with a maximum deviation of ± 0.03 %
from the averages.

After washing the precipitate carefully, it was found that
occasionally solids passed through the filter paper. This was
solved by washing the precipitate with a 2.5 %sodium chloride
solution which effectively removed all the H+, Cu+, and Cu"
ions, but prevented any elemental sulfur present from peptiz­
ing, flowing through the filter paper, and causing errors as
indicated by the following formulas:

Although the forward reaction of Equation 17 is slight, it is
accelerated by the formation of the precipitate in Reaction I g.
Each mole of the H,s normally yields 'I, mole of iodine and
consumes one mole ofCu H as shown in Equations 18 and 19;
when sulfur is prescnt, each mole of HzS is equivalent to one
mole of iodine.

The acid indicator ("A") chosen has two fortunate qualities:
the color changes from lavender to colorless at pH 4.2-the
precise pH of the blank copper sulfate solution (the yellow
or green color seen at the end point is that of the copper solu­
tion which is maskcd by the indicator until pH 4.2 is reached);
and the indicator is destroyed by bromine, thus permitting
the reversible bromate indicator ("8") to function without
interference (the acid indicator may also be used as a bromate
indicator, but since it is not reversible, it was difficult to ap­
proach the true end point without over-titrating). As in­
dicated in the analysis instructions, a titration to pH 4.2 may
be done in lieu ofa titration with Indicator "A.-·

The choice of the bromate indicator ("B") was made be­
cause of its reversibility and because of its warning indication
of the end-point approach (4). A low pH is nl'Cessary for the
bromate to oxidize cuprous ions; however. the optimum pH
range for the reaction between 1- and Cu H ions was found to
be 3.0 to 4.5 (5). A 40 %solution NaOH was chosen to raise
the pH because the total volume must not be too great if com­
plete reaction between 1- and Cu H is to take place. A 50%
NaOH solution was also used, but it was found to be too
viscous for dropwisc addition. The first drop of excess caus·
tic caused the pH to rise to 4.8; when 0.5N HCI was added to
just clear the solution, the pH ranged between 4.0 and 4.5,
thus obviating the need for an indicator or a pH meter. Al­
though the bromate titration is an accurate one for the deter­
mination of cuprous ions (an indication ofSO: concentration),
the method was found unreliable unless air was excluded;
the addition of a large excess of sodium chloride to the fil­
trate (6) permitted a bromate titration in the presence of air,
and the result coincided with that obtained by thc iodine titra­
tion.

Reactions 5 through 8 under "Theory" are simplified (to
aid in understanding the stoichiometry of the reactants ac­
tually used) for calculation purposes. Acidified bromate and

Table m. Elreet of Sodlwn OII..-lde on U.s lIJId so,
Known Observed Concentration With

concentration" No Nael 4% NaCl 10% NaCl
%H,s %00, %H,s 7oso, %H,s %00, %H,s 7"s0,
14.0 4.0 14.0 3.7 14.1 3.9 14.5 3.6
3.3 13.7 3.3 13.3 3.3 13.6 3.2 13.7

t4.0 14.0 0 14.2 Negative 14.6 Negative
13.7 0 12.9 0 13.4 0 13.6
4.0 0 3.8 0 3.9 0 4.0

3.3 3.3 0 3.3 0 3.5 Negative
• Two mixtures of SOz in nitrogen and two of H,5 in nitrogen

were made up and analyzed with standard acidic iodine solution.
Known volumes of the H2St Ihen lhe SO, gas miJttures were passed
through copper sulfate solutions similar in composition to those in
Table 1.

(4) l. M. Kolthoff and E. B. Sandell, "Textbook of Quantitative
Inorganic Analysis," 3rd ed., The Macmillan Co., New York.,
N. Y., 1952, p 588.

(5) Ibid., PP 600-601.
(6) "The Encyclopedia of the Chemical Elements," Clifford A.

Hampel, Ed., Reinhold Book Corp.. New York, N. Y., 1968,
P 168.

(15)

(16)

(14)

(13)

(17)

(18)

(19)

(Br, - 6 I,)
12 X22.4=ccCS,

H,S + CuC!, - CuS + 2 HCl

CuS + CuC!, - Cu,C1, + S

S + 2 HI ~ H,s + I,

H,s + Cu" - Cu5 ~ + 2 H+

Cu" + 2 1- - CuI ~ + 'I, I,

In order to determine the hydrogen sulfide content, it is
necessary to determine the total copper left after the cupric
sulfide has been filtered off. Since iodide ions do not react
with cuprous ions, it is necessary to oxidize cuprous to cupric
ions as shown in Reaction 4. By subtracting the hydrogen
sulfide content from the total acid produced,the sulfur dioxide
content is determined.

One sixth mole of bromate ions will react with 'I. mole of
carbonyl sulfide and with '/.. mole of carbon disulfide as seen
in Reaction 5 and 6, respectively; however, 8S secn in Rene·
tion 7, the same amount of bromate reacts with 2 moles of
carbonyl sulfide, while in Reaction 8, with one mole of carbon
disulfide. In Reactions 5, 6, and 7, the sulfur is oxidized to
sulfate, while in Reaction 8, the sulfur is reduced to clemental
sulfur.

Excess bromate is then determined as shown in Reaction 9
and 10, followed by a thiosulfate titration for the iodine pro­
duced.

The following reactions may clarify the formulas used to
calculate cc of COS and ofCS,:

'I. COS + '/.. CS, = Bromination titration = Br, (II)

2 COS + Cs., = Iodination titration = I, (12)

(12 I, - Br,)
---3- . X 22.4 = cc COS
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Figure I. Connection to sample point of high
teIDpetllture SO, recluction reactor

I. Reactor
2. Somple point
3. Kel·F EIu10mer
4. 1.(001 G.... lubl"ll
5. G T
6. By· 1
7. Control clomp
8. Rubber lubing
9. Flnt absorpllon jar

halogen sail aclually react with Ihe corresponding xanthates
which result from the reaclion between thc two sulfur gases
and alcoholic potassium hydroltide (7):

S=C=O + KOH + C,H,OH _
OC,H,

/
H,O + S=C (20)

"-OK

s=c=S + KOH + C,H,OH _
OC,H,

/
H,o + s=C (21)

"-
SK

Both salts are yellow, and stable; however, when each was
acidilled and iodinated, elemental sulfur appeared from the
Ialler but not from the former xanthate. The free xanthic
acids which are unstable, release cOs and CS, which react
with iodine as indicated in Reactions 7 and 8.

The solution in the 3 gas purifier jars were purged with nitro­
gen to sweep any remaining COS from the copper sulfate
solutions, althOUgh COS has very limited solubility il) such
acidic solutions of high salt content.

One-sixth molar potassium bromate was chosen as a refer­
ence standard throughout this paper, as this is equivalent to
O.lN sodium thiosulfate on which most of the analyses de­
pend, and with which bromate and copper sulfate solutions
were standardized.

(7) K. B. Paepelkin and Ya. Z. Sorokin, ZaDod. lAb., 23, 1414­
17 (J9S1).
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Corbon dioxide, as well as carbon disulfide and carbon
oxysullide, is absorbed by the alcoholic potassium hydroxide
solution. Barium carbonate is insoluble on the alkaline side,
but soluble on the acid side; therefore, when O.IN NaOH was
added to bring the pH up slightly, there was a tendency for
BaCO, to precipitate because of local over-alkalinity. As
the bulk of the solution was still slightly on the acid sidc, lhe
pink phenolphthalein color faded as the BaCO, dissolved:
thus the reason for deliberately over-titrating slighlly wilh
caustic before obtaining the first end point with 0.05N HCI.

The mixed indicator(B), "e," has two forlunalcchoractcrjsa
tics: the color change is sharp, and lhe pH at which lhe color
change takes place yields an answer that is within 0.5 %of the
true concentration ofCO, (sulfide ions do not interfere).

Normally, CO, is determined by Orsat apparatus. The gas
sample must pass through acidic iodine scrubber before being
absorbed in the aqueous KOH solution of the Orsat-<lther­
wise the SO, and H,S gases, which arc also acid gases, would be
analyzed as CO, according to accepted theory. However,
this was precisely what happened with COS which was not
complctely scrubbed out by iodine; the resulting high CO,
analysis was another reason for this investigation.

Normally, analyses ofSO, and H,s mixtures were taken with
the first absorption jar as elose to the samplc point as possible
in order to prevent reaction betwl'Cn the cooled gases and
water-vapor which would distort the analyses. In one experi.
ment. where only H~ was present and the temperature was
over 800 °c, part of the gas was oxidized by thc copper sulfatc
solution as evidenced by Ihe production of too much acid and
too little copper sulfide. Upon passing the gas through a
5-foot cooling coil, the reaction was quantitative.

When mixtures of the two gases were analyzed, there was
liUle ditTerence between results obtained whcn the first absorp­
tion jar was close to the source and those obtained when thc
jar was at a small distance-unlcss the temperature was high.
As a matter of fact, SO, results obtained by the gas chromato­
graph substantially agreed with Ihose obtained by the copper
sulfate procedure, where the SO, analysis depended on a cor­
rect H,s analysis; yel, the gas in the hypodcrmic syringe had
ample time to cool and for water vapor to condense before the
injection was made.

As regards the fundamental reaction SO, + 2 H,S ~ 2 H,O
+ 3 S, this is slow and incomplete and takes place only in very
concentrated media, as shown in thc Kipp apparatus. If an
anhydrous medium could be used which would prevent the
formation ofacids, the process might work (9).

The sulfur that sometimes appeared on the walls oflhe glass­
ware and tubing before the first absorption jar evidently was
not due to Ihe above reaction after the gases left the sample
point, but was due to this reaction while hot and with the aid
ofa reduction catalyst. Indeed, thc above reaction is used ex­
tensively in industry; there are many examples in the litera­
ture that indicate requirements of high temperature and a
catalyst for any reasonable yield of sulfur (10, I I).

Despite the foregoing, a compromise was made on the basis
of some contrary evidence in actual results and in the litera­
ture (/2, 13). By experiment, it was found that with an exit

(8) I. M. Kalthoff and E. B. Sandell, "Textbook of Quanlitative
Inorganie Analysis," 3rd ed., 1be MacMillan Co., New York,
N. Y., 1952, P 432.

(9) Ch. Chorower, An. Fis. Quim., 38, 10548 (1942).
(10) Ibid.,5l, II, 675f, (1957).
(II) Ibid., 64,4653 b. 1966.
(12) H. D. Axelrod, J. H. Cary, J. E. BoneUi, and J. P. Lodge. Jr.,

ANAL CIt..... , 41, 1856 (1%9).
(13) J. R. Rirk, C. M. Larsen, and R. G. Wilbourn, ibid.. 42, 273

(1970).



Table IV, Aaaly_ by DIII'_t AaaI)1lcaI Tedallq_
CuSO,and

Gas aIcoholJc
chroma- KOH

Gas Run No. toaraphY" <>nat' bubblera

%H~ 1 0.98 1.06
2 2.98 2.91
3 3.84 3.74
4 1.24 1.27

%so, I 3.39 3.42
2 2.98 2.91
3 3.84 3.74
4 6.04 S.92

%COS I 2.0S 1.9S
2 2.09 2.03
3 0.8S 0.87
4 1.67 I. 70

%CSs I 1.19 1.20
2 LOS 1.01
3 1.91 1.8S
4 2.10 2.14

%CO. I S.9 6.4 6.1
2 S.3 6.0 5.5
3 6.0 6.0 6.0
4 3.6 3.7 3.4

• Conditions used with Perkin E1rncr IS4-D Chromatognlph
were column temp, 92 'C; flow at 10 psis, SO cc/min; sample
,olume. I mI; column. 6-ft Porapak Q which was conditioned
wilh S% SOt gas before each analysis. Retention times were
H,s, 1.95 min; COS, 3.00 min; So" 4.20 min; and CSs, 70.00
min. Peak height was used for calculating the gas concentration.
Calibration was done with a standard gas mixture. Magnesium
perchlorate was used to scrub water from the gas to prevent reac­
tion between HtS and 50s.

• A solution of acidic iodine was used to scrub H,5 and so. from
the sas.

Icmperature or 1000 ·C, lIIe optimum distance between lIIe
ftntablorptlon jar and lIIe sample point waa about 18 inches.
The connectlon waa made with a one-foot piece of '!.-inch
aJau tublna with a III18U piece of Kel·P tubing at one end and
a piece of rubber tubina at lIIe olIIer. A aJau "T" with a
rubber tubing vent was IUed between lIIe rubber and lIIe aJau
tubina as a bypau (lee Figure I). The elemental llI1l"ur that
had already formed in ther_was seen to condense on the
walls of the aJau tubina weU befcm lIIe rubber conne<:tion;
however, lIIe temperature wu Itlll cool enough to inhibit reo
action between HoS and Cu" ions, yet hot enough to Uep
water in the gaseous .taIc, thus preventing possible catalytic
action of water on HoS and so,.

CONCLUSIONS

Table IV indicates good correlation between results 0b­
tained by the copper sulfale-akoholic potassium hydroxide
melhod and those obtained by olIIer methods'. Only ODe re­
sult was recorded for each Run Number, sinl:e aU were results
of actual production runs, and time did DOl permit duplicalc
analyses.

The lengthy discussion on choice of conditions atu:mpts to
deal with high temperatures and/or high concenuatioos or
HoS when encounlered in some so, n·duction units.
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Simultaneous Determination of Two Electroactive
Species by Alternating Current Polarography

A. M, Bond and J. H. Cantenord'

Department of Inorganic Chemistry, University of Melbourne, ParkoiIle, Victoria 3052, Australia

It has been established that alternating current po­
larograr.hy may be used for simultaneous analytical
determ nation of two reversibly reduced electroactlve
species provided there Is no overlap of the two ac
waves. Where overlap occurs, despite the fact that
two distinct peaks may be resolved, the analytical use
of the peak heights Is not recommended, Where over·
lap occurs, complete separation of the two waves by
selective complexation Is a much simpler, more ac­
curate, and reliable analytical approach than trying to
compute true peak heights from the summation.

IN PRINCIPLE, allernating current (ac) polarography should
be extremely useful for the simultaneous determination of
several electroaetive species in the same solution from the one
scan. It is obviously markedly superior to de polarography
because a common base line exists for all electroaetive species.
Figure 10 shows an ac polarogram of a solution containing

1 Present address, Division of Mineral Chemistry, CSIRO, P. O.
Box 124, Port Melbourne, Victoria 3207, AUSIra1ia.

cadmium(U) and lead(m wbUe Figure Ib gives the <:orTeSJlOnd.
ing de polarogram. Comparison of these two Figures
clearly illustrates the common base line with ac po\aroJrapby,
whereas for de polarography, determination of the more
negatively reduced cadmium(ll) requires the assignment of
a neW base line which is dependent upon the previous reduc­
tion process. Obviously this would lead to a lowered preci­
sion for determination ofcadmium(ll) by de po\aroJrapby.

If the reduction potentials of the two depolarizers are close
together and the waves overlap, the problem of sorting out
the two waves from de polarography makes the analytical
determination of the two species virtually impossible. The
equivalent ac polarogram for such a system may weU show
two distinguishable peaks and it may appear that concen­
trations of both species may be accurately· determined.
a.rtain!y it has been shown that in many cases wb..., the de
wave is unresolvable in either the qualitative or quantitative
sense that ac polarograpby can provide two distinct peaks.
Figure 2 shows a comparison of the IlC aod de poJaroarams
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of a solution containing cadmium(ll) and indium(III). The
half-wave potentials differ by only 40 mY in 1M NaCl and
the mixture is unresolvable by de polarosraphy. However,
two peaks appear on the ac polarosram and at least qualita­
tively it is possible to distinguish both species. It is also
possible .to measure peak heights· for both species. How­
ever, very little quantitative information appears in the litera­
ture to show whether this peak height gives lhe correct con­
centration of either or both species. Examination of what
little quantitative information is available in the literature on
the various forms ofac polarosraphy(J-3) would indicate that
the correct concentrations would often not be obtained simply
from the peak heights of incompletely resolved ac waves
and it is surprising that implications that they are readily
usable in routine'analysis are so widespread (2-5). The
problem with the figures given by the early enthusiastic
workers in the field (2, 3), which are of the same type
as Figure 2, is that they. represent the situation for only
a small number of selected concentration ratios and are
not typk:al of the entire range of ratios liabie to be en-

(t) J. Devoy, T. Guai, L Meszaros, and B. PalallY~Fenyes,
Hunprian SCientilk: Instruments, 1968, No \$, I. .

(2) B. Breyer, F. Gutmann, and S. Hacobian, AIlS. J. Sci. hs.,
Ser. A, 3, 558 (I9~).

(3) Ibid., p 567.
(4) B. Breyer and H. H. Bauer, "A1tematinB Current PolaroB'lphy

and TensanunetrY," Interscience, New York/London, t963, pp
14,1211-135.

(5) H. SCItmldt and M. VOn Stackdbers (trans. by R. E. W. Ma~
100) "Moclern PoJarosrapbic Methods," Academic Press, New
YllII</LoDdOD. 1963, pp 48-49.

countesed in routine analysis. Unfortunately the early
work has been reported in reviews without any critical com­
ment (4, 5). They are also reproduced extensively in ad­
vertising material.

We have therefore set out to investigate experimentally if
overlapping ac polarosrams can or should in fact be used to
quantitatively determine the concentration of either or both
species giving rise to the overlapping waves.

The systems chosen for the present study were cadmium(II),
indium(1ll), lead(II), and thallium(l) with 1M NaCI as the
supporting electrolyte. These particular systems were chosen
for several reasons as follows:

(a) They are reversibly reduced, or nearly so, at the drop­
ping mercury electrode (DME) in the ac sense as well as in the
de sense. Thus the shapes of the waves can be mathematically
represented by relatively simple equations. Furthermore, the
peak heights of such systems should be independenl of the
rate of the electrode reaction and complications due to the
first (more positive) reduction process altering the kinetics of
the second reduction reaction are minimized (6).

(b) The de potential range over which a reversible ac
electrode process occurs is inversely proportional to the
number of electrons, n, involved in the charge transfer. The
systems chosen provide examples where n equals I, 2, and 3,
for which different effects would be expected, with regard to
overlapping waves.

(c) The summit potentials, E.. of these four systems in
1M NaCI are such that various differences in E. ranging
from virtual overlap to complete separation can be achieved
by appropriate choice of two of them in combination.

(d) The products of the electrode processes are amalgams
and complications due to soluble products are minimized (6).

EXPERIMENTAL

Reageall. All chemicals used were ofreagent grade quality.
Cadmium(II), lead(II), and thallium(l) solutions were pre­
pared from the respective nitrates, while indium(m) sulfate
in Io-'M HCI was used for the indium(llI) solutions. The
supporting electrolyte in all cases was 1M NaCl.

Apparatus. Poiasosrams were recorded with a Metrohm
Polarecord E 261. Ac poiasosraphy was carried out using
the Metrohm ac Modulator E 393 with an applied ac voltage
of 10 mY rrns at 50 Hz. To minimize cell impedance, the
modulated ac voltage was applied through an auxiliary
tungsten electrode. Maximum damping was applied aod the

(6) A. M. Bond and J. H. Canterfonl, in p__tion.
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It is. of course, possible for the product of the preceding
(more positive) electrode process to interfere with the second
electrode process (b), and this would invalidate the simul­
taneous detennination but for a different reason.

Indium(lll) and 1baI1ium(l). The E, values <s. Ag/AgCl
for the reactions

-0,25

I
2pA",

1
-0·65 -0-45

Volt vs. Ag/ Agel
Figure 30. Ac polarograms of 8
TlO) aad 4 X 10-'M 10(111)

In(lll) + 3e;=O In(amalgam) (2)

(7) A. M. Bond and J. H. Canterford, submitted to ANAL. CHEM.

(3)Tl(l) + e;=O Tl(arnalgam)

in 1M NaCI were found to be -0.557 V and -0.450 V,
respectively, that is. a separation of approximately 100 mY.
The thallium(O wave is extremely broad relative to the in­
dium(III) wave being a one-electron reduction and overlap
of the two waves occurs. Figure 3 shows a typical polaro­
gram of this system. Figure 4 shows that the observed
polarogram is in fact the addition of the two individual waves.

To determine the concentrations of the two species the
true peak height, i",-, which is the alternating current cor­
responding to E" is used. As the two waves are superim­
posed, they can overlap without causing interference to the
analytically used i.~ value at potential E, if the following two
conditions hold: (a) Overlap of the more positive wave, in
this case thallium(I), must not extend to tbe E, value of the
more negative wave, in this case indium(III). (b) Overlap
of the more negative wave [indium(llI)] must not extend to
the E, value of the more positive wave [thallium(I)].

For the indium(llI)-thallium(l) system. thallium(I)
exhibits a broad wave relative to that of indium(llI) as the
number of electrons involved in charge transfer is in the ratio
I :3. With an E, separation of about 100 mY, thallium (I)
nearly always overlaps beyond the E, value of indium(IlI)
and alters the true i.~ value of indium(IIl) (see Figure 3).
However, the relatively narrow indium(llI) wave does not
overlap the thallium(l) wave at its E, value unless the con­
centration of indium(III) is substantially greater than that of
thallium(l).

Table I gives the theoretical and experimental concentra­
tions for a series of indium(III) and thallium(l) solutions,
where the experimental concentrations are those obtained
from normal calibration curves. It can be seen from this

and-0·25-0'65 -0'45

Vol t vs. Ag/ AgCI
Figure 3b. Ac polarogram of 8 X 10-'M
TI(I) and 4 X 10-' In(lll) wben bolb are pres­
ent in the onc solution

RESULTS AND DISCUSSION

Cadmium(ll) and Lead(n). In 1M NaCI the two electrode
processes

M(II) + 2e;=O M(amalgam) (M = Cd,Pb) (I)

have E, values DS. Ag/AgCI of -0.601 V [Cd(II)) and -0.398
V [Pb(Il)], that is, a separation of about 200 mV. No over­
lap of thc two waves was observed over the various concentra­
tion ratios used, namely 10: I to I: 10, and the peak heights
of both waves were exactly the same when recorded with
both species present in the one solution, or individually in
separate solutions. This indicates that the preceding reduc­
tion of lead(lI) does not interfere in any way with the subse­
quent reduction of cadmium(II) and that where no overlap­
ping waves occur with reversible electrode processes, simul­
taneous determination of two species in the one solution is
possible.

slowest scan rate of dc potential (I volt/12 min) was used in
accordance with previous work (7). The waves were re­
corded using the maximum sensitivity possible for each wave
individually to obtain the highest precision possible.

All solutions were degassed with argon and thermostated at
(25.0 ± 0.1)'c. All potentials were measured relative to
Ag/AgCI.
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Table I, Comparisoo of Theoretical and Experimental Conccntratlons of Indium(J1J)-Thallium(I) Mixtures

Indium(lll) Thallium(l)

Thear M

2.00 X 10-'
2.00 X 10-'
2.00 X 10-'
4.00 X 10-'
4.00 X 10-'
4.00 X 10-'
4.00 X 10-'
1.00 X 10-'
1.00 X 10-'
1.00 X 10-'
1.00 X 10-'
2.00 X 10-'
2.00 X 10-'
2.00 X 10-'

ExpllM

2.61 X 10-'
2.71 X 10-'
3.06 X 10-'
4.06 X 10-'
4.13 X 10-'
4.25 X 10-'
4.51 X 10-'
1.00 X 10-'
1.00 X 10-'
1.01 X 10-'
1.09 X 10-'
2.00 X 10-'
2.00 X 10-'
2.00 X 10-'

£.(volt
os. Ag/AgCI)

0.558
0.562
0.573
0.560
0.561
0.568
0.577
0.563
0.562
0.561
0.578
0.560
0.563
0.564

Theor M

8.00 X 10-'
2.00 X 10-'
4.00 X 10-'
4.00 X 10-'
8.00 X 10-'
2.00 X 10-'
4.00 X 10-'
4.00 X 10-'
8.00 X 10-'
2.00· X 10-'
4.00 X 10-'
4.00 X 10-'
8.00 X 10-'
2.00 X 10-'

EXPII M

8.01 X 10-'
2.00 X 10-'
4.03 X 10-'
3.98 X fo-'
8.00 X 10-'
2.03 X 10-'
4.01 X 10-'
3.98 X 10-'
7.99XIo-'
1.97 X 10-'
4.00 X 10-'
4.02 X 10-'
7.97 X 10-'
2.CI X 10-'

£.(volt
os. Ag/AgCl)

0.448
0.452
0.453
0.446
0.451
0.452
0.450
0.450
0.452
0.451
0.449
0.446
0.454
0.453

-0'65 -(}4'5
Vol t vs. Ag/AgCI

I
4pA,,-

1

(4)

(5)In(III) + 3e;= In(amalgam)

Cd(I1) + 2e ;= Cd(amalgam)

and

table thai thallium(l) can be delerminc-d in the presence of
indium(III) under all concentration conditions examined.
Howevl:c, indium(III) can only be determined accurately
when the concentration of indium(III) is equal to. or greater
than that of thallium(I).

It is interesting to note that where interference of indium
(III) by the presence of excess thallium(l) occurs, subtraction
of the thallium(l) wave from the apparent indium(lII) wave
gave the correct indium(lll) concentration as expected from
Figure 4. Subtraction could be achieved cilhcr with the
aid of the calibration curve prepared in the absence of indium
(rIl), or by assuming th.tthc thallium(l) wave is symmetrical
on both sides of £, and knowing the more positive side to
the thallium(l) wave is not allectc-d by indium(III) overlap.
This latter type of correction is reasonably convenient where
one of the two systems docs not suffcr from overlap at the
E, potential.

Cadmium(ll) and Indium(III). The cadmium(Il) and
indium(III) electrode reactions

in 1M NaCi have E, values relative to Ag/AgCl of -0.601 V
and -0.557 V, rt-spectivcly. That is, there is a very small
difference of only about 40 mV in the two £, values. Figure
5 shows ac polarograms of various concentration ratios of
cadmium(I1) and indium(Ill). It can be seen that sometimes
two peaks arc resolvable; however, usually onc of the species
appears as a shoulder and an ;d~ value for this SPCciL$ cannot
be evaluated.

Table II gives the theoretical and calculated concentralions
for various ratios of eadmium(Il) and indium(lIl). It can
be secn from Table II that simultaneous analytical determina­
tion of eadmium(ll) and indium(lU) in the same solution in
1M NaCI is not possible. However, one species may be
determined if that particular species dominates the polaro­
gram and the other is only discernible as a small shoulder
or causes the polarogram to tail·off.

It is interesting to note that almost the correct E, value can
occur even though there is gross interference and the obscrva~

tion of the correct E, value is not a suitable criterion for the

(e)I /\
2fLhf '\

1
I ', I

. I

~

Figure 5, Observed ac
polarograms of various mix·
tur.. of indium(J1J) and
cadmi"",(U)

a. 2 X 10-<M In(ID) + 4 X
IO-<MCd(Il)
b. 4 X 10-<Mln(1ll) + 4 X
10-<MCd(Il)
c. 4 X 10-<M In(IU) + 2 X
10-'MCd(lIj
d. 1 X 10-OM In(ID) + 4 X
10-OM Cd(Il)
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-£.(volt -£.(voll
Thear M ExptlM DS. Ag/AgO) Thear M Extpl M DS. AslAgO) Cornrnmts

4.00 X 10-' 4.09 X 10-' 0.598 2.00 X 10-' 2.28 X 10-' 0.560 Two distinct peaks
4.00 X 10-' 4.00 X 10-' 3.95 X 10-' 0.558 Cd(1I) as shoulder
4.00 X 10-' 1.00 X 10-' 1.00 X 10-' 0.554 Cd(1I) as weak shoulder
4.00 X 10-' 2.00 X 10-' 2.01 X 10-' 0.560 Cd(1I) as very weak shoulder
8.00 X 10-' 7.98 X 10-' 0.600 2.00 X 10-' 1n(111) as shoulder
8.00 X 10-' 8.30 X 10-' 0.604 4.00 X 10-' 4.01 X 10-' 0.557 Two diltinct peaks
8.00 X 10-' 1.00 X 10-' 0.98 X 10-' 0.558 Cd(1I) as shoulder
8.00 X 10-' 2.00 X 10-' 2.10 X 10-' 0.564 Cd(II) as weak shoulder
2.00 X 10-' 2.00 X 10-' 0.603 2.00 X 10-' InOIl) as very weak shoulder
2.00 X 10-' 2.01 X 10-' 0.602 4.00 X 10-' 10(111) as shoulder
2.00 X 10-' 2.10 X 10-' 0.604 1.00 X 10-' 1.05 X 10-' 0.563 Two diltinct peaks
2.00 X 10-' 2.00 X 10-' 2.12 X 10-' 0.565 Cd(lI) as shoulder
4.00 X 10-' 4.00 X 10-' 0.606 2.00 X 10-' Cd(lI) wave tails off on more positive side
4.00 X 10-' 4.01 X 10-' 0.605 4.00 X 10-' In(lII) as shoukler
4.00 X 10-' 4.03 X 10-' 0.605 1.00 X 10-' 1.23 X 10-' 0.565 Two distinct peaks

lack of interference. It was also noted that interference of
indium(llI) by cadmium(lJ) is more marked than that of
cadmium(ll) by indium(III). This is because the indium(llI)
wave (three-electron reduction) is significantly narrower in
the dc potential ran8e it occupies than the cadmium(ll) wave
(two-electron reduction).

CONCLUSIONS

From the present study, it is obvious that ac polarographic
analysis where two or more ae waves overlap is liable to gross
error if the observed peak height is used for the determination.
Despite the fact that the correct or almost correct peak poten­
tial is recorded for one or both waves, the correct peak height
and, therefore, correct concentration is not necessarily ob­
served. In some instances it may be possible to determine
one (or both) of the Iwo electroactive species from the over­
lapping waves if the overlap of the (Wo waves is not significant
at one (or both) summit potentials. However, in general it
is not practical to usc an overlapping ae wave for analytical
purposes as it is fraught with danger. Separation by selective
complexation as US<.'d in dc polarography when overlapping
de waves occur is considcCl"<i a much better technique for
simultaneous determination of two species when overlap of
Be waves is observed.

The present study has been restricted to overlapping re­
versible ac processes involving amalgam formation for
simplicity. The presence of u nonreversibly reduced species,
whose theoretical wave shape and height arc complicated
funclions and dependent upon the kinetics of the reaction,
would provide an even more complex situation. Complete
resolution of all waves would then be even more strongly
advised.

It should be stressed that the fact that ac polarography is
more discriminating than dc polarography should not be
taken to imply that the detennination of species with over­
lapping ac waves allows their simple quantitative determina­
tion. Overlapping ac waves allow only qualitative deter­
mination of the species present in most cascs and simple
quantilative analysis still cannol generally be achieved. As
each of the two reversible ac waves may be mathematically
described fairly readily (8), then obviously the equation to
the composite ac wave could also be obtained. Consequently,
it should be theoretically possible to directly calculate the
concentration of both species with the aid of a small computer

(8) D. E. Smith in "Eleetroanalytical Chemistry," A. J. Bard, Ed.,
Marcel Dekker, New York, N. Y. 1966, Chap. I.

by mathematically reconstructing the two individual waves
from the observed composite wave.

Alternatively, a series of various concentration ratios of
the two species could be recorded and the unknown composite
wave measured by reference to the calibration solutions again
with the aid of a computer. This type of analytical com­
putational approach described by Perone and coworkers
(9-11) for stationary electrodes would be theoretically feasible
for ac polarography. However, such approaches are only
applicable to situations in which the electrochemistry of the
specics causing the overlapping wave is particularly well
known and extremely well characterized and controlled to
rigorously standardized conditions.

In most practical cases handled in the laboratory, the ac
waves are not completely reversible and many subtleties exist
in Iheir mathemalical description. Computational analysis
or separation in mosl cases could be a lengthy and probably
difficult procedure. Choice of a different electrolyte to
provide two completely resolved ac waves would usually be
a much simpler and must be a more accurate method for
detennination of two species than resolution of the composite
wave by computational procedures. This laller fact alone
makes chemical separatioD of the two waves an ideal ap­
proach, other considerations aside, and it seems hard to rec·
ommend mathematical separation except in exceptional
circumstances.

Finally, it should be noted that although this paper refers
to simultaneous detennination of both species from an over­
lapping wave, determination of only one of the species is a
more common problem in routine analysis. Cadmium for
instance may be determined by a standard method on hun­
dreds of samples. Other species besides cadmium in the
sample may not be known. Occasionally aD ac wave is
observed in which the presence of an overlapping wave is
encountered. From this work, it has been shown that de­
termination of cadmium in this sample should not be con­
sidered completely quantitative until resolution of the ac wave
has been examined closely or the determination repeated in
a different electrolyte.

RECEIVED for review September II, 1970. Accepted Novem­
ber 16, 1970.

(9) W. F. Gutnecht and S. P. Perone, ANAL. CHEM., G. 906 (1970).
(10) S. P. PeroDe, D. O. Jones, and W. F. Gutneeht, ibid., 41,1154

(1969).
(II) S. P. Perone and T. R. Mueller, ibid., 37. 2 (1965).
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A Laboratory-Based Computer System

Marvin Shapiro and Arthur Schultz

Nalional/nSlilUles of Heallh, Bethesda, Md.

A computer system for the acquisition of data from
analytical Instruments used In biomedical research
was designed and Is now operating In a laboratory
environment. Six remotely located Instruments have
been Interfaced to the computer. and data can be
collected simultaneously from them while other pro­
grams are running In a background mode. Features
of the system Include a remote operator's console for
communication between the computer system and the
laboratory and additions to the manufacturer-supplied
software to allow rapid interrupt processing.

WHILE A NUMBER of real·time computer systems have been
implemented recently in support of laboratory research, no
standard approach has been developed. Each laboratory
instrument presents its· unique problems when interfaced
with a computer, and in an environment where a number of
instruments are prescnt. various approaches to the design
of a computer-instrument system can be lDken (I, 2). We
are reporting here on 8 system which was designed to meet
some of the compulDtional needs of a group of scientists
working at the National Institutes of Health on research in
molecular and physical biology.

The desirability of such a system first oc'Came apparent
thn..'C years ago when a number of scientists working in one
building at NIH werc making plans to request purchase of
instruments or accessories which incorporated data acquisi.
tion hardware and digilDl re'Cording devices. Data analysis
was to be accomplished in the NIH central computer facility.
With the high density of instrumenlDtion in this building,
the aggregate cost of this approach, if widely used, would
have approached the cost of one centrally located computer­
based data acquisition system. In many ways, this group of
scientists located together presented an ideal opportunity
for experimenting with such facilities at NIH because of the
diversity of physical instrumenlDtion and problems they were
working' on. The implementation of a computer system
presented a more flexible approach than using any of the
highly specialized devices which could have been purchased,
and, in addition, provided sufficient capability to permit
considerable ~8ta manipulation, signal averaging, and more
complicated dalD reduction.

Over the past three years a computer system was designed
and made operational. It is a time·shared system which
acquires data simUltaneously from a number of different
types of analytical instruments while running one or more
analysis programs in a background mode. The instruments
currently connected are spectrophoiometers, a spectro­
polarimeter. a Rantan. spectrometer. an analytical ullra­
centrifuge, and a computer of average transients (CAT).
All of these instruments are located at distances ranging from
50 to 200 feet from the computer, which is centrally located
in the building. . .

Two applications in the building utilize small dedicated
computers that will be connected to the building computer

(I) IBMJ. IlLs. Dt""lop., 13. No. 1(1969).
(2) Pr~ngs IBM Scientific Computing Symposium on Com­

puters In.Chenustry, Thomas J. Watson Research Center. York­
town HClghts, N. Y., August 1969.
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to take advanlDge of its peripheral devices, principally mass
storage. In one application a 16-bit computer with 4K
core and high-speed (ISO KHz) analog-to-digital convcrsion
is used to capture transient signals. The other application
is a commercially available X-ray diffraction system that
both controls the diffractometer and acquires data.

With these research needs in mind, 8 system was designed
around commercially available hardware and software
components. A medium size real-time computer (Honeywell
DDP-5J6) with 24,576 words of 16-bit, 0.96 I'sec cycle
time memory (later expanded to 32,768 words) was purchased,
with the following peripheral equipment: two ASR teletypes,
line printer (300 Ipm), high-speed paper tape equipment, card
reader (200 cpm), IO-inch, IO-mil step incremental plotter,
nine·track magnetic tape, and 1.8 million word moving
head disk. In addition, a digital I/O multiplexer for handling
up to 576 bits, a 35 KHz, 12-bit A/D converter, sample-and.
hold amplifier, and multiplexer, and three digital-to-analog
converters were purchased. A standard foreground-back­
ground monitor, oriented around disk operation, was provided
with the system. A diagram of the system components as
currently configured is shown in Figure I.

The principal additions which our own staff made to the
system included: (a) Hardware: (1) a remote operator's
console (ROC) for communication betwe-cn the laboratory
and computer was designed and built, (2) a data acquisition
and display subsystem (DADS) for conditioning signals,
for use in checkout, and for displaying system status, was
designed and built, and (3) instrument interfacing and a data
transmission system was designed and completed; (b)
Software: (I) syslem interrupt response was greatly improved
by specially written programs for data collection, and (2)
a series of programs was written and incorporated into the
operating system to provide interactive communication
with remote operating consoles located in the laboratories.
A staff of three programmers and two electronics engineers
(with part-time help from an electronics technician for
fabrication) worked for a total of eight man-years to bring
the system to an operational status. Once the system was
operational, staffing to support further additions and improve­
ments was reduced to two programmers and one engineer.

The system was considered operational when it could
support data acquisition and the scientist's use of the remot~

operator's console. However, until application programs
were written to support the analysis of the data collected,
the system attracted few users. General programs for dalD
manipulation, plotting, and mathematical analysis of data
have been written and work is continuing to provide special­
ized computations for specific instruments.

Essentially no knowledge of computers is required for the
sclcntists to accomplish data acquisition, file management,
and the initiation of programs from the laboratory. A
short demonslration of less than an hour, plus a copy of
the ROC user's manual, is all that is ne"ded. Use of the
system's FORTIUN capabilities, however, now requires that
each user operate the computer himself, and, in addition,
requires that he have some minimum knowledge about
the system, including how the disk program storage is laid
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Figure 1. Diagram of the laboratory-based romputer system

Dashed tines represent connections wbleb haft DOt )'et been made

oul. It generally takes a number of hours of hands-on
usc for a fORTRAN user to be able to use the computer without
difficulty.

Generally, the system has been reliable for data collection.
Each instrument was checked individually with spl'Cialized
programs and wlth hardware tests for data transmission
accuracy before ~ing incorporated into the system. A
number of software difficulties have been encountered in the
form of system failures while running in a multi-programming
environment. While most of these problems have been
identified and corrected. it is expected that all such errors
will be eliminated only after the system has seen heavy use
for a long period of time.

The system has been operational for less than a year with a
small. but gradually increasing, number of users. With
this amount of experience in mind, this paper is directed
toward explaining how a working system was designed and
how it is used, as opposed to discussing long range effects on
scientific research.

COMMUNICATION WITH THE LABORATORY

In designing a system for the acquisition of data it was
clear that each instrument. although possessing similarities
to another instrument. would require a unique interface.
At the same time, the console that was adopted for entry of
conlrol information for each instrument could readily be
standardized. The technique adopted combined within the
same package a standard system for the entry of control
parameters nnd sufficient space for the construction of an
instrument interface. The package containing these elements
is called the Remote Operator's Console (ROC), and one
such console is associated with each instrument.

Each Remote Operator's Console (ROC) is composed of
a Status/Control panel, a parameter entry panel, an X-Y
storage scope, the instrument interface, and an intercom
to the computer room. Figure 2 illustrates the functions
that are implemented within a ROC. In addition to the
indicator SYSTEM-UP, there are four bulton switches­
SIGN ON, RUN, HALT, and SIGN OFF~n the Status/
Control panel. In order to assure the operator that the
switch action has been received by the computer and recog­
nized by the operating system, each switch (except SIGN OFF)
is backlighted, and is turned on by a signal generated by the
computer. The correct operation of SIGN OFF is observed
by the extinction of SIGN ON.

A parameter entry panel is also a part of the ROC and is
the means of entering the specific information that will be
used to condition the operating system for the particular
data acquisition and/or processing task desired. A decade
thumbwheel switch of six digits is used for parameter entry.
The switch is divided into two sections, a two-digit control
number and a four-digit parameter number. Two buttons,
ENTER and CANCEL, are also a part of the parameter
entry panel.

In order to provide the operator of an instrument with
comprehensive information concerning the results of data
acquisition and processing without requiring that he visit the
computer room, a storage oscilloscope is included in the
ROC. (In one case, two instruments located in the same
room share a scope.) The TeI.:tronix Type 601 Storage
Display unit has been used for this application. To write
a dot requires an analog signal on lbe vertical and horizontal
axis to position the beam and, after the beam is positioned,
a store signal to unblank the beam on the z axis. Alpha-
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Figure 2. Simplified schematic of the interface to a remote operator's console

On the top, the storage display scope and below, the console buttons and lhumbwhccl digits

numerics nnd grnphics nrc produced by the proper sequence
of dots generated under software control. The scope can be
erased either locaUy or under program control. Generation
of beam posilion is by means of two digital-to-analog con.
verters (DACs) located in the computer. Writing on a
scope continues until either a message or plot is complete.
Two DACs are used for the entire system. The output of
the DACs is fc'd continuously to all connected scopes, but
only the particular scope which is to write receives the signal
to unblank its beam. The procedure for using a remote
console is described later.

Interconnection between each remote· console and the
computer is by parallel transmission of signals; analog and
digital, over twisted-pair shielded cables. This is a relatively
simple approach from an engineering standpoint and also of
low cost when all instruments arc lOcated in one building.
Also, this technique does not require multiplexing{demulti­
plexing hardware and individual analog-to-digital converters
at each instrument site. The cost of transmilling one digital
signal is approximately 522.00, of which 59.00 is the cost of
300 reet of cabl.. In a situation where installation of cables
is not easy or where large distances result in very large cable
costs, this approach might not be practical.
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All ROC cabling terminates within the computer room at
the Data Acquisition and Display Subsystem (DADS).
DADS is the focal point for both analog and digital data
transmission and in addition contains timing logic and
presents n visual display of the current system status.

A very useful feature of the DADS, for system checkout
allows a local ROC, mounted in the DADS, to be substituted
for any specific remote console. Thus, all the bUllons,
lights, and the scope on a standard ROC are built into the
DADS unit. Other functions available on the DADS
include an analog input channel for test data, one dedicated
priority interrupt, and an intercom to the instrument areas.
Since high current devices (including two elevators) operate
within the building, the ek-ctrical environment between the
ROC consoles and the DADS unit is relatively noisy. A
differential signal was used for all signals (except lighting
indicators) passed between DADS and the ROC to achieve
maximum noise rejection. Analog signals arc routed through
individual low capacitance cable while digital signals are in
multiconductor cables. Digital integrated circuit line drivers
and receivers were chosen for this application.

Coupling of the digital signals from each ROC, via DADS,
to the computer occurs at the Process Interface Control



(pIC). PIC functions as a digital input/output multiplexer
which routes slanals from the DDp·516 I/O bus to addressable
external locations. The 576 bits in the PIC are divided
into 48 addressable lIfOUPS of 12 bits each. Each of the 48
locations may function as either an input or output. To
meet the requirements for our system, two types of digital
inputs, digital outputs, and two digital·to-ana!og converters
were purchased as part of the PIC. Digital inputs with
storage are used to record the occurrence of ROC bulton
pushes, since the button may be released before the system
responds. Digital inputs without storage are used for reading
in instrument abscissa values (wavelength, wavenumber,
etc.) and thumbwheel digit information. Digital outputs
are used to tum on lights on the remote console and to
synchronize some digital functions.

!

I
INSl1UlMENr INTERFACES

The existing outputs of the instruments were modified by
us to obtain signals for input to the computer rather than
our attempting to modify the internal design of the instrument.
Thus, data collection by the computer does not alter instru­
ment performance.

Each remote console contains the electronic circuits to
convert (or adapt) data from the form which exists within
the particular instrument to a voltage signal suitable for
transmission to the computer room. AU the instruments
involved have a stand·alone capability prior to any connection
to the computer. The basic requirement for most instru·
ments is to derive a sampling signal at some fundamental
unit of thc instrument (such as wavelength or wavenumber)
and use this signal to direct sampling of the dependent
variable. A dedicated external interrupt is used for this
type of sampling. In some cases the dependent variable
is sampled as a function of time. For sampliog using a
time base, a special real-timc clock is used, and a rate is
derived from its basic interval ofO.2S millisecond.

In most ROC instrument interfaces, both analog and digital
signals are transmitted between the ROC and the compuler
room. When the value of the independent variable is
known absolutely (e.g., via a shaft encoder), the selection
of starting and stopping values for the data to be sampled
can be specified in terms of this variable. The desired
starting value is entered as a parameler; then during the
instrument run, sampliog begins automaticaUy when this
value is reached.

Cary 60 Interface. A block diagram of the Cary 60 spec­
tropolarimeter interface is shown in Figure 3, and the func­
tional aspects of this interface are presented below.

Wavelength range on the Cary 60 is from 18S<l--6OOO A.
Scanning of wavelengths occurs in a Iioear manner at scan
speeds between 0.2-30 A second and is continuously variable.
A shaft encoder was attached to the wavelength readout
to give a direct wavelength reading in Angstroms. Encoder
readout is 4 digits of 8421 BCD, where 2 bits of gray code
(0-3), repeated 50 times per tum ( ... 200 counts/revolution),
are 10gicaUy combined to create the low order bit of the units
digit. As with aU the shaft encoders, each increment of the
units digit is used to create an interrupt which in this case
directs the computer to sample the optical rotation. A linear
s1idewire, attached in paraUel to the servo mechanism slide­
wire to acquire optical rotation, produces a voltage of approx·
imately -7.5 to +7.5 volts over the to-inch chart presenta­
tion. Three controls on the Cary 60 are available to allow
scaliog of the independent variable on the chart record.
This scaIiog changes the interpretation of the voltage received

Figure 3. SimpJllled schematic of !be computer Iataface to
the Cary 60 opectropolarimeter

by the computer. Two of the control settinss, zero offset
and zero suppression, are entered throuah the parameter
entry unit in the ROC. An addition was made to the third
control. fuU-scale, to aUow the computer to read its setting.

Cary 14 Interface. The Cary 14 spectrophotometer is a
double beam optical instrument capable ofoperating between
2000 and 26,000 A, thereby covering the ultraviolet. visible,
and near infrared regions. The encoder is coupled directly
to the Cary 14 such that its output reads directly in A units.
The electrical output of the encoder is presented in BCD and
has a range of 0-39,999. The least significant bit (LSD)
of the encoder units digit is delayed to allow discrimination
against pulses of less than several hundred microseconds to
reject noise. After passing through the delays, either edge
of the LSD that is present is used to generate an interrupt.
A potentiometer attached to the absorbance recorder pro­
duces a proportional voltage which is transmitted to the
computer.

1R·7 Interface. The Beckman JR·7 produces a spectrum
by varying the frequency in a linear ID8IlIIer over a pan or
all of the wavenumbers between 650 and 4000. A shaft en·
coder is auached to the wavenwnber drive and a strip ellCOder
to the absorbance recorder chart drive to acquire data. To
define wavenumber, a shaft encoder of 100 counts per revolu­
tion is attached to the IR-7 wavenumber readout with sears
establishing the ratio of one-tenth encoder revolution per
wavenumber. Each revolution of the encoder generates a
cyclic gray code of eight bits. Logical circuits within the
ROC were designed to detect the encoder crossing~
count up, and 00-99 count down. Since the encoder repeats
every 10 wavenumber<, a counter external to the encoder is
required to determine the scan position of the JR·7 rdative
to a starting point. In order to limit the initialization
procedure, the counter has tbe capability of counting both
up and down; therefore, once the ROC is turned on and the
counter is irtitialized, the position of the encoder is known
absolutely until power is turned off. An eilht·bit parity
circuit coupled to the encoder readout will produce an
output for each shaft increment. This parity circuit output
is used to develop the IR-7 instrument interrupt.

Much of the analysis done of the IR-7 depends on tempera.
ture. The sample area may be chilled or heated by circula­
tion of fluids from devices external to the IR-7. Measure­
ment of sample temperature is by means of a thermistor
attached to a telethermometer. An anaIoa siaDal available
as an output and norma11y used to drive a cbart recorder
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Table I. System Software Priority Le.els

has been coupled to the ROC where it is butTered, amplified,
and subsequently transmitted to the computer.

Cary 81 Interface, The Raman etTeet measured by the
Cary 81 spectrometer uses a laser as the exciting source. Cur­
rently, the instrument is being modified to accept laser light
from one of two sources. One source is a He-Ne gas laser
with the major output of 50 milliwatts at 6328 A(red). A
second, more powerful Argon laser has for its most intense
line 1.5 watts, at 5145 A(green). A maximum of 4000 wave·
numbers may be scanned. beginning, approximately, with the
laser excitation source. The Cary 81 has two mechanical
wavenumber indicators, both of which arc linear in wave­
number. One indicator denotes the current absolute wave­
number of the instrument optical system, the other is the
displacement in wavenumbers from the excitation source,
d em-I. A shaft encoder capable of defining 100,000 posi.
tions, 1000 per turn, 100 turns full·range, has been coupled
to the instrument wavenumber drive mechanism. Gears
added between the instrument drive and the encoder establish
the ratio of 25 encoder counts per wavenumber. Therefore,
the encoder range 0-100,000 corresponds to the instrument
range Q-4(X)() ..1 em-I.

It is necessary to adjust the relative wavenumber indicator
for each change in the laser source that is used. An electric
clutch under control of a toggle switch has been placed
between the wavenumber drive on the instrument and the
encoder gear drive to facilitate manual setting of the encoder
to zero when the excitation source is changed. An analog
representation of the Raman lines is acquired from a potenti­
ometer attached to the instrument chart recorder.

Computer of A.erage Transients Interface. In this par­
ticular application, data are being accumulated in a Computer
of Average Transients (CAn used with a Varian HR-220
NMR spectrometer. After sufficient iterative scans have
been accumulated in the CAT, the data are transferred from
the CAT memory to the DDP-5l6 for analysis. A binary out·
pUI of both memory address (10 bits) and memory contents
(17 bits) is available from the CAT. An instrument interrupt
is developed from each edge of the least significant address
bit. Readout of the CAT memory to the computer requires
enabling the instrument interrupt by the normal sign.on
procedure, then placing the CAT in tlie readout mode at a
rate selected by controls on the instrument.

Although the CAT is being used in this application with
the HR-220, it has a general utility and is used in other
applications. The interface tleals only with the CAT in
its readout mode and, therefore, may be applied in the oiher
applications (disregarding problems of physieallocations).

Analytical Ultracentrifuge Interface. Analysis of samples
on the ultracentrifuge varies considerably from the instru­
ments previously discussed. Multiple samples may be pres·
ent in the rotor so it is necessary to have a positive identifica.
tion of which sample is producing the analog data signal.
Cell identification is continuously available to the computer

Software
priority level

8
7
6
5

1-4

Program function

Write data onto disk
Respond to console button push
Program initiated from remote console
Write remote scope
FORTRAN, assembly language programs

as a 3-bit binary number derived by sensing the centrifuge
scanner. Rotor velocity is derived by counting a pulse sig.
nal, used internally for spced control, which is proportional
to rotor velocity. This signal is counted in the interface
for one second, then the total count is made available 10 the
computer for the succeeding second. The counter is enabled
by the computer and will continue to cycle every 2 seconds
until disabled by the computer. Optical bench position
is sensed via a potentiometer that has been attached to the
bench drive mechanism. The optical density data signal
resulting from the scan of the cell as a function of bench
position is alSo transmitted to the computer as an analog
signal. It has been acquired from the scanner electronics,
a standard part of the instrument.

THE SOFTWARE SYSTEM

The software monitor, called OLERT (On·Line Executive
for Real-Time), is a state-of-the-art system which provides
scheduling, input-output, and FORTRAN capabilities. Up
to eight software levels of priority are allowed for the running
of programs (the highest level being eight). For our purposes
this means that the foreground data acquisition programs
will run at the highest priority level, the programs supporting
data collection will run at lower levels, and the background
FORTRAN and assembly language programs will run at the
lowest levels. The use of the eight software levels is shown
in Table I.

Any number of FORTRAN or assembly language programs
ean be running at levels 1-4, the only limit being the amount
of memory available and the availability of I/O equipment.
These programs are initiated from the computer console.
The OLERT monitor does not (at this time) allow for pro­
gram swapping so that no new program can be initiated
until memory space is available. However, programs can
be segmented. These segments reside on the disk and are
requested and loaded as needed.

In order to make the input of laboratory data as fast as
possible, the data are collected at a hardware interrupt
level which has a higher priority than the eight software
levels. Also, all interrupts are inhibited during the input
of a laboratory data point. Software levels five, seven,
and eight contain the programs which support data acquisi­
tion. Auxiliary tasks, such as emptying a data buffer to
disk or identifying a console interrupt and responding to
it, are scheduled for levels eight and seven, respectively.
The actual driving of the scopes is done at levels five. All
programs initiated from remote consoles are run at level six.
One such program displays file ID information and plots
data on remote scopes.

One major area of modification which was made to the
monitor involves the method of responding to interrupts.
Hardware interrupts can be initiated from one of the follow­
ing six sources: (I) peripheral equipment (teletypes, card
reader, paper tape reader/punch, printer, magnetic tape,
or disk); (2) internal events (power failure, memory violation,
etc.); (3) real·time clock; (4) another computer; (5) the
independent variable associated with each instrument (wave­
length, time, etc.); and (6) remote console buttons.

The OLERT monitor handles the internal interrupts and
contains the driving programs to handle the peripheral
equipment and real-time clock, on an interrupt basis. Drivers
to process external interrupts from experiment runs [types
(5) and (6) above) could have been written, following the
procedure used for peripherals, and incorporated into the
system; however. this was not done. A rough breakdown
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Figure 4. Diagram of IOftware Interrupt processiDg
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of the time required for executing an analog-to-digital con·
version, using a standard system driving program, is the
following: ISO I'sec (approximately ISO machine cycles)
to recognize the interrupt, 300 j4SCC to execute the AID
conversion and store the value, and SO j4Sec to return to the
interrupted program. (Actual AID conversion time is
only 35 I'sec but the monitor requires that the conversion
be schcduled, which results in a large software overhead.)
This total time of approximately SOO I'sec would limit the
overall system data acquisition rate to about 2 KHz.

To allow overall sampling rates considerably above 2
KHz within the system, the executive program was modified
10 give faster response to data aCQuisition requests (3).
This was done by incorporating into the system an interrupt
program, for each instrument, which does not run under
system control. That is, once it has gained control from the
system through the initiation of a hardware interrupt, the
special routine (called a "Hidden Routine," since it is hidden
from the system) performs the necessary input (normally
AID conversion and input) and returns to the system in the
same way a standard interrupt does. Since this hidden
routine needs to save and restore only a very few registers,
as opposed to the large number saved by the interrupt program
provided by the system, and, in general, has much less over­
head than that associated with general system interrupt
response, it is possible to reduce the response and relurn
time from 500 j4SCC to less than 100 pSeC. Thus. using the
Hidden Routine approach, an overall system data collection
rale of about 10 KHz can be altained. Actual AfD conver·
sian of data can be initiated as little as 13 I'SCC from the time
of the interrupt as opposed to about 200 j4SCC using a standard
AfD driver.

A hidden routine normally exits back to the system after
each point is collected. but when a data buffer is filled the
hidden routine branches to another path to first switch

(3) J. Buzen, IEEE Computer Group Conf=, Minneapolis,
Minn., JUDe 1969.

buffers and write the last buffer onto the disk before returning
to the system. A diagram of the relation between hidden
routines and system interrupt processiag is shown in Figure 4.

A typical foreground-backiroUDd use of the system with
two FORTRAN programs requiring, say, 1536 and 5120 words
of storage, and running sirnultaDcously with data acquisition.
might find memory allocated as follows:

Location 0-12797 (25 sectors of 512 words eacb) OLERT
operating system

12800-13311 (3 sectors) fORTRAN program one
16374-21493 (10 sectors) Data Acquisition and

ROC communication monitor
21494-26613 (10 sectors) FORTRAN program two

The OLERT and Data Acquisition Systems are pennaaeatly
resident in the locations indicated, while FORTllAN or other
programs are loaded into the remaining available memory
as directed by the user.

APPUCAll0N PROGRAMS

Some basic programs have been written for senenl use in
analyzing the data collected. Ia general. sma1I scale calcula·
tions are done on the local machine and computations
requiring a large amoUDt of memory or time will be done
on the NIH central computer system located in another
building.

One of the programs for processing data ..!hered from an
instrument performs liDcar operations on spectra, catenates
spectra, and does smoothing. The results cao be saved
andlor printed. The user specifies the name(s) of the file(s)
to be manipulated. the option desired. and the name for the
resultin& file. As with all application programs. this one
cao be initiated and run while data are being collected.

Other programs are available for further. more complex
analyses of data. Once a spectrum has been normalized
and a base-line spectrum subtracted. curve fitting calculations
can be performed with another program which does a least
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Figure 5. ROC displays during a data acquisition run

At tbe top. during parameter entry; at the bottom. at the com.
plmon of a run

square fit of spc..~ificd SPl,..'Ctr8 to another spectrum to determine
its components.

Raw data or files resulting from the programs just described
can be output using a set of general plotting routines which
provides scaling and labeling.

There is a conlinuing effort in the development of apptica­
tions programs and programs that support data collection.
These programs range in complexity from the computation
of standard fannulas to, in the case of the ultracentrifuge,
the detection of subtle patterns in the data. With the ultra­
centrifuge, some simple pattern recognition will be done in
real-time to reduce the volume of data, while more complex
analysis will be done after the data are collc'Cted.

USE OF TI-IE REMOTE OPERATOR'S CONSOLE

A standard procedure is used for operating the remote
consoles. Before beginning oPeration, the uscr must chc'Ck
that the SYSTEM UPtight is on, which indicates that the
console supporting software is operational. SYSTEM UP
extinguishes unless refreshed at least once per second by the
operating system. If the SYSTEM UP delay is not re­
freshed prior to timing out, it is assumed that the operating
system is no longer in a reliable condition and the laboratory
interrupts are disabled in the DADS (hardware). The
remaining buttons on the console, SIGN ON, SIGN OFF,
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Table n. Conlrol Options Whlcb Can Be
Initiated from a Remote Operator's Console

Control
option Function

01 Data ACQuisition Run with standard parameters
02 Dat8 Acquisition Run with previous parameters
03 Restart run after Halt
21 Delete a data file
31 Display]O information from me
32 Display data from file

33-39 Initiate spc.:cified program

HALT, and RUN, are used, respectively. to initiate console
usc. to terminate console usc, to stop data acquisition before
the normal end of run, and to initiate data acquisition.

The parameter entry panel is used for entering (or canceling)
control option and parameter information. The function
of each run is specified by the two digit control option number
entered. Currently the system allows the options shown in
Table II.

The dialogue is begun by the user pressing SIGN ON.
The system responds by asking (on the scope) for the scientist's
user number. Each file of data collected is stored on the disk
in an area reserved for the user number specified. Following
entry of the user number, the system asks for the two digit
control option. After the control option is entered, param­
eter values are requested, the number and meaning of each
depending on the control option and laboratory instrument
being used. Normally, for a data acquisition run (option
01, 02, or 03), the parameters consist of a file identification
number. beginning and end values and sampling increment
for the independent variable (wavelength, etc.), and instru­
ment settings. For a data run. the user initializes the instru­
ment properly, presses RUN on the console and starts the
instrument scan. Values arc collected from the beginning
abscissa value specified, using the specified increment, until
the final value is reached or HALT is pressed. When a
buffer of 25 points is collected, it is displayed on the scope
and stored on the disk. The dialogue from a typical data
acquisition run, with four parameters, is shown in Figure 5.
The figure shows also the display of data at the completion
of a run. At the end of a run a new control option can be
entered or use of the console can be terminated by pressing
SIGN OFF.

The system software tests that parameter values arc within
an allowed range by comparing them with a table of values
prepared for each instrument. If a possible error is detected
in information entered from the remote console, a message
is displayed on the scope and the CANCEL light is turned on.
The message given is only a warning and can be ignored.

FURTHER WORK

Improvements to the present version of the system arc
being made to make it more responsive to the needs of the
scientists and new work is being planned in a number of
areas. The connections to ot~,er computers (the dotted
tines in Figure I) arc now being developed. Communication
with them will be controlled by background programs running
simultaneously with data acquisition.

The system has the capacity for handling a number of
additional instruments using complete parallel I/O techniques.
The tables containing information for each instrument are
at present permanently core-resident so that the main timita-



tion to adding more instruments is the amount of available
memory. In tenns of hardware data acquisition capabilities,
a total of ten instruments in the slow-to-medium speed range
(say, less than 500 pointsfsec each) could easily be accommo­
dated. When (and if) the number of instruments interfaced
to the computer increases to the point where their table
information begins to saturate memory, one acceptable
solution (and one easy to implement) would be to reslricl
the number of data collection runs that can be made simul­
18neously. This number will depend on the characteristics
(rates, amount ofprocessing, ctc.) of the particular instruments
being fun.

Instrument control via the computer presents another area
for funher development of the system. Monitoring and
control of a single variable, such as temperature, could be
done relatively simply with the present hardware but there
is no immediate need for such control with the instruments
now interfaced. The development of such control loops
will depend on the particular instruments which will be
connected in the future.

One complex area to be analyzed involves obtaining
betler system pcrfonnance Ihrough modification of Ihe
instruments. In many instruments the mechanism for pro­
ducing a chart record n.-stricts the speed of scanning and,
in addition, is a limiting part of Ihe control network. In-

creued speed and greater signal resolution, if obtained, could
lead to the need for analog to digital conversion at the instru­
menl.

Presently, only instruments located within the building
can be coMecled to the computer because of the parallel
transmission of signals. It is conceivable that a simple
telemetering system could be designed and implemented
that would allow the multiplexing of digital control and data
signals over a low capacity telephone line or dedicated
transmission cable. This would allow expansion of the
system beyond the confines of the present location.

ACKNOWLEDGMENr

We acknowledge the contribulions of a number of c0­

workers to the design and implementation of the system-in
panicular the contributions of William Holsinger, who
designed the DADS unil; Jay Vinton, who wrole the software
syslem for utilizing the remole consoles; Jeff Buzcn, who
wrote the programs for improving interrupt response time;
and Mrs. Marie Chang and Dr. Richard Simon who provided
much of Ihe system and applicalion software.

RECEIVED for review September 23, 1970. Accepted
December IS, 1970.

Digital Methods of Photopeak Integration in Activation Analysis

Philip A. Baedecker

Department of Chemistry and Ins/itute of Geophysics and Planetary Physics, University of California, Los Angeles, Calif. 90024

A study 01 the precision attainable by several methods
01 gamma-ray photopeak integration has been carried
out. The "total peak area" method, the methods
proposed by Covell, Sterlinskl, and Quittner, and some
modifications 01 these methods have been considered.
A modilication by Wasson of the total peak area method
Is considered to be the most advantageous because 01
its simplicity and the relatively high precision obtained.
A computer routine lor the analysis 01 spectral data
Irom nondestructive activation analysis experiments
employing a Ge(Li) detector-spectrometer system is
described. The routine processes the spectral data,
applies appropriate corrections lor decay, and pro­
vides a readout in concentration units.

THE PRECISION OBTAINABLE in an activation analysis experi­
ntent is to a large degree dependent on Ihe precision with which
the analyst can determine radionuclide abundance from count­
ing data, mosl often obtained from gamma-ray spectrometry.
Several methods of pholopeak integration have been proposed
and evaluated in the literature. Some of these treat the digital
data direclly (1-6), while others fit the dala 10 a funclion and
integrate that function to determine peak area (7-9). In

(I) D. F. Covell, ANAL. CHEM., 3t, 1785-90 (1959).
(2) S. Slerlinski, ibid.• 40, 1995-8 (1968).
(3) Ibid., 42, 15/-5 (1970).
(4) P. Quiltncr, ibid.• 41,1~ (1969).
(5) H. P. Yule, ibid.. 40, 14ll<Hi (1968).
(6) P. Quiltncr, NI/c/. II/slrum. Methods, 76, 115-24 (1969).
(7) R. G. Helmer, R. L. Heath, M. Putnam, and D. H. Gipson.

ibid., 57, 46-57 (1967).
(8) J. T. Roulti and S. G. Prussin. ibid.• n, 125-42 (1969).
(9) L. Vamelland J. Trischuk, ibid., 76, 1~14 (1969).

developing computer programs for reducing activation analy­
sis dala, 1 have evaluated several digital methods for photo­
peak integration.

Methods of Analysis. Seven methods of peak area esti­
mation have been examined in the present study. These
melhods are iIIuslrated diagrammatically in Figure I [with the
exception of method (g) described belowI, and are summarized
by the following equations:

(a) TOlal Peak Area method (fPA):

A = I5 a, - (a, + a,) X (r - 1+ 1)/2
i-I

where

a, = number of eounls accumulated in channel i
I = channel number at left hand limit of photopeak
r = channel number al right hand limit of photopeak

(b) A modificalion by Wasson of the TPA melhod (10):

A = :f: a, - (n ++)(b. + b_.l

where

n = the number of channels on Ihe left and right from
channel zero (Ihe centennost channel)

b. = the background in channel n as determined from a
straight line drawn belween channels I and r (Ihe left
and right hand limits of the peak)

(10) J. T. Wasson, privale communicatioo,
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(e) A combination ofthe Wasson and SterHnski methods:.
A - na, + L (n - j + I) (a-l + al) ­

i_I

(I) Quiltner's method:

i-+n

A = .L (a, - C,)

, ,
" "

[l

Jl
~:~ ...~ ..'.

Figure 1. Six of the seven methods of photopeak integration
employed In this study

(c) Covell's method (I):

;-+. ( J)
A - . L a, - n + - (a. + a_.)

1- -n 2

(d) SterHnsk;'s method (2,3):

A = na, + i: (n - 2j + --!..) (a-l + al)
i-I 2

where

C, = the background in channel i as determined from the
following expression provided by Quiltncr (4,6)

C, = p, + q, (X. + i-XL) +

[
3(P' - p,) _ (q, + 2q,)] (X + i-XL)' +

M' M •

[
2(P' - p,) + (q, + q,)] (X + i-X )'

MI M2 P L

where

2k + I channels arc fitted to a quadratic on each side of the
photopeak

XL and X. are the center channels in the left and right
quadratics, respectively (XL = 1- k, X H = r + k)

X p is the centermost channel
PI andpr are the values of the quadratics at XL and XR

q, and q, are the slopes of the quadratics at Xl. and X.
M= X H - XL

6.0,- -,
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'.0

'.0

2.0
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:~~;:=.::.:..::::.:..:-:.: _.- _.

Figure 1. Gamma....y spectrum of the Allende dIoodrite, two weeks following irradiation
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Figure 3. Gamma·ray spectrum of tbe AUende cboodrite plus a "Co source

"Co activity is 8.3 times the activity measured in the spectrum in Fisure2

(g) A combination of Ihe Sterlinski and Quillner melhods:

"A = na, + L (n - j + I) (a_J + a,l -
;-1

"( I)L j + - (el + CJ)
j_1 2

Methods a, c, d, and f have been previously described and
evaluated (1-6). The TPA method of inlegration (a) achieves
Ihe grealestlotal number ofcounts for a given peak. Wasson
has modified this method (b) to aUow for Ihe fact that while
the channels in the wings of Ihe photopeak add considerably to
Ihe error ofa peak integration, Ihey add lillie to the net number
of counts (10). Covell's method (c) has Ihe Iheoretical ad·
vantage over the total peak area melhod that only those chan·
nels which have the smallest relative standard deviation are
used in the analysis. and uncertainties with regard to choosing
the best base line are removed. Sterlinski's melhod (d) is
based on the observation that the calculated relative standard
deviation (based on eounling stalislics) for the calculaled in­
tensity of a photopeak will be smaller by giving increasingly
grealer weight 10 Ihose channels which have incroasingly
greater lotal accumulaled counts. However, bOlh Covell and
Sierlinski have failed 10 consider the fact Ihat Ihe ealculaled
varlsnces using their techniques are increased by virtue of the
fact that the summation is carried oul using a relatively high
base line, ralher Ihan one drawn across Ihe limits of the photo­
peak. For example, using Covell's method the variance on
Ihe area can be calculaled as

whereas in Wasson's method
i-(n-l)

VI" = L a, + (a, + ,,-,) +
i_ -(n-I)

and if

Quillner's approach employs a nonlinear base-line sub­
traction technique. Several channels (Quillner recommends
using between 15 and 23 channels) are taken on each side of
Ihe peak, 10 Ihe lefl and righl of Ihe peak limits, and the data
points filled to second-<>rder polynomials using the melhods
described by SavilZky and Golay (I J). The calculaled values
and slopes of the polynomials at Ihe cenler channels are used
to define a cubic equation which describes the base line under
Ihe peak. Quilloer points out thai his technique gi\'Cs greater
prL'Cision than Covell"s method. However, this would be
expected, since the base line is lower. Whether or not Quill­
ner's technique would provide greater precision than methods
(a) or (b) is not immediately apparent. If the modified \-.rsion
of Sterlinski's technique provides greater precision than Was­
son's method (as would be expected from purely statistical
considerations), the combination of Sterlinski's and Quittoer's
approaches should provide grealer precision than either
method alone.

(11) A. Saviluy, and M. J. E. Golay, ANAL. CHIM., J6, 1627-39
(1964).
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Table •• Relatl.e Slandard DeriatiOlLs for IDlqrlltioas of 12 Counlll of Nine Photopeako by
Se.... Metbods of Photopeak Integration

Full Wasson- Quittner-
Method peak Wasson Covell Sterlinski SterJinski Quiuncr Slcrlinski

Peak (0) (0) (b) (e) (d) (e) (f) (8)

308 (2312) 5.48 4.51 6.65 6.11 4.39 45.06 43.21
468 (2039) 5.88 5.04 5.53 6.32 4.82 5.12 4.92
810 (3316) 3.80 2.39 4.14 5.15 1.77 3.08 2.51
889 (8007) 2.49 1.62 3.73 3.80 1.72 1.57 1.74

1099 (12746) 1.65 1.35 3.49 3.86 1.49 1.42 1.53
1120 (5813) 2.18 1.67 3.06 3.77 1.60 1.16 1.21
1173 (32700) 0.13 0.71 2.39 3.80 0.77 0.69 0.76
1292 (8051) 1.41 0.93 2.82 3.77 0.82 0.99 0.81
1332 (28391) 0.85 0.14 1.92 2.12 0.81 0.73 0.81

• Peak area 8S measun:d by Wasson"s rncthod.

1.2.-------------=:-:---

1.1

09

0.8

WASSON

.. COVELL

c STERllf~SKI

0.8 0 WASSON·STERLlt.$1(1

OUITTNER

x OUIl'TNER·ST£RlINSKI

AVERAGE OF .,O,.,Ond •

0.10!;-~-~--3:!-~4c--!:5-~6_--:-_--!:----l

AREA OF /333 kev PEAK
AREA OF 1333 kev PEAK in Spectrum I

Figure 4. Yariatlon 10 measured photopeak inlensity for the
811-KeY and 1099-KeY photopeaks, for the se.en methods
studied, with Increasing "Co activity

Data poi... are the measu~ ....... relative to the intensities of the
photo.,..... In the Irndlated cboDdri.e cou.ted alone

EXPERIMENTAL

An 0.5-g sample of ~ chondritic meteorite (Allende) was
irradiated for 3 hours at a flux of 2' X 10" n/cm'/sec in
the UCLA reactor. Artcr the sample was ailowed to decay
for 2 weeks, it was counted 12 times in succession, using a
Ge(Li) detector which has a resolution of 2.4 KeY for the
1333 KeY photopcak of "Co, and an efficiency of 6.4 % rcla­
live to a 3-inch X 3-inch NaI(TI) detector at 25 em. The
detector was coupled to a 4096 channel analyzer, and the re­
sulting spectra read out onto punched paper tape for computer
processing. A typical spectrum is shown in Figure 2. The
principle activities are 4tSc, "Cr, uFe, MCo, lOCO, and louIr.
The meteorite sample was also counted seven limes with
increasing amounts of "Co.
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A computer program was written to process the spectral
data by anyone of the several methods listed above. The
program could first smooth the spectral data by the method of
Savitzky and Golay (1/, /2), or the smoothing routine could
be bypassed. The program then determined the first deriva­
tive at each channel, and used the first derivatives to locate
photopeaks and determine the peak limits (5, 13). Compton
edges were eliminated from consideration by finding the max~

imum value of Ihe first derivative on the left side of each peak
and the minimum value on the right, ond requiring that the
absolute values be the same within ± 50%. As each photo­
peak in the spectrum was located and the peak limits deter­
mined, irs area was estimated by one of the methods pre­
viously described.

For methods (b) through (g), n (the number of channels on
each side of the centcrmost channel used in the summation)
was set equal to 3. In Quinner's method, k (the number of
channels to the left and right or the boundary channels XI.
and XR fined to a quadratic) was set equal to 7. In methods
(a), (b), and (e), the number of counts in the background
channels I and T was taken to be the overage of the counts
accumulated in thrcoe channels on each side of the photopeak
(/,/- 1,/ - 2) and (r, r - I, r - 2). In ench case the spectra
were smoothed before processing.

RESULTS AND DISCUSSION

10 order to measure the precision of each method of analy­
sis, the standard deviation for each photopeak appearing in
the spectrum of the irradiated meteorite was calculated from
the 12 successive counts of the meteorite sample. The resuhs
are summarized in Table I. As anticipated from the consider­
ations above based on tounting statistics, for each photopeak
(with the exception of the 309 KeV peak of '''Ir) the methods
proposed by Covell and Sterlinski showed poorer precision
Ihan the other five methods. The total peak area method
gave consistently poorer results than methods (b), (e), (f), and
(g), which indicates that includmg the channels in the lower
pan of the photopeak in the peak area estimation may lead to
a loss of precision. The large per cent standard deviations
observed for Quinner's method and the Sterlinski-Quinner
method for the 309-KeV photopeak were due to the fact that
the right quadratic was filled to a ponion or the 317 KeV
"'Ir photopeak. As Quillner points out, hi< method is useful
only when the pholopeaks are separated by greater than about
20 channels. For all other photopeaks the precisions ob­
tained using methods (b), (e), (f), and (g) were comparable
although on the average, the Wasson-Sterlinski method was
slightly beller.

(12) H. P. Yule, Nud. /1lstrum. Methods. 54, 61-5 (1961).
(13) H. P. Yule, ANAL. CHEM., 38. 103-5 (1966).



Table IL Relative Standard DeviatlOlll ror IntesraU- or Sevea PboCopeab by Seven Mti or
Photopeak IntearatlCNI, Baaed on Seven Counll, "Ith Each CouDt Havlaa IJIcreuial ActJritlea or "Co

Full Wauon- Quillllef-
Melhod peak Wasson Covell 5cerllruki 5terlinski Quillnor Sterlinski

Peak (a) (b) (c) (d) (e) (f) (8)
308 23.90 20.62 41.11 '6.97 13.19 32.59 30.94
468 6.23 4.02 8.09 10.0 4.21 5.65 5.17
810 6.12 4.18 14.01 17.16 5.18 3.58 3.65
889 6.44 4.51 6.08 7.02 4.48 4.90 4.88

1099 2.82 3.32 10.72 10.78 4.19 3.67 4.52
1120 8.39 8.46 9.79 10.50 8.63 9.75 9.75
1292 2.19 3.05 8.33 9.28 3.64 2.98 3.53

.. Determined from four spectra.
• Determined from five spectra.

Table III. Observed Standard DevlatlOllS or IntegratlOllS or 12 COUIIII or Nine PboCopeaka by doe Waaoa
Method Compared "Ith That Expected rrom Counting Slatlotlc:l

PhOIOpeak,
KeY 308 468 810 889 1099 1120 1173 1292 1332

Rc1Sld Obsd 4.51 5.04 2.39 1.62 1.35 1.67 0.71 0.93 0.74
dev, % Caled 6.92 5.95 4.11 2.01 1.20 2.05 0.59 1.19 0.60

Since the relatively poor precision observed for Covell's
method, and the modification of Covell's method proposed by
5terlinski, is caused by choosing relatively high base lines,
the precision obtainable using either technique could be in­
creased by carrying out the integration over a greater number
of channels. Yule (5) has shown that Covell's method can
provide comparable precision to the TPA method if similar
boundary channels are chosen. Selecting integration limits
which are too narrow or too broad will result in a loss of preci­
sion. The effect of using wider boundaries on Sterlinski's
melhod was investigated by allowing n in Equation (d) above
to range from 3 to 14. When the integration was carried out
well pasllhe wings of the photopeak, the precision was found
10 be comparable to that oblained by methods (b), (e), (fl, and
(g), although on the average the precision was less than that of
the Wasson-Sterlinski method. Increasing the number of
channels used in the integrations by the Wasson or Wasson­
Sterlinski techniques did not systematically affect the observed
precision.

One would expect that any benefit to be derived from QUill­
ner's technique would be most apparent where the back­
ground varies under the photopeak. This situation arises
most markedly in our spectra for the 1120-KeV photopeak of
"Sc (which was plolled in Figure I), which sits on the Comp­
ton edge of the 1333-KeV peak of "Co. Il can be seen from
Table I that for this photopeak Quillner's method does, in
fact, show the lowest relative standard deviation on the various
methods of photopeak estimation.

In ordor to check the pcrformance of the various methods
when the shape of the spectrum was changing, the meteorite
sample was counted seven times with increasing amounts of
"'Co. During this part of the experiment, the deadtime of
the analyzer increased from 5 to 20% and the integrated area
of the 1333-KeV photopeak of "Co increased by a factor of
8.3. The last spectrum is shown in Figure 3. The seven
spectra were treated in the same way as the 12 spectra accumu­
lated in the first pan of the experiment, and the results are
summarized in Table 11. The computer routine employed in
reducing the data failed to locate the 308-KeV photopeak in
three of the spectra, and the 468-KeV peak in two of the seven
spectra. Again, the methods proposed by Covell and Sterl­
inski (where n was set equal to 3) yielded consistently poorer
results than the other methods. The precision obtained using

the remammg five methods was comparable. In~,
Wasson's method showed the best precisioD, although ror the
higher energy photopeaks at 1099, 1121, and 1293 KeV, the
observed relative standard deviations wue 10'ftSl ror the total
peak area method. This may be partly due 10 a loss or res­
olution at higher deadtimes. The width or the 1000000V
photopeak of "Fe increased rrom 2.3 KeV in the lint specuum
to 2.5 KeV in the last.

Il is of interest to see how the quantity (peak area/peak ana
in spectrum I) varies for the various methods as one inaeases
the activity due to "Co. Figure 4 shows a plot of this quan­
tity plotted against (area of 1333 peak or '"Co/ana or 1333
peak in spectrum I) for the pholOpeaks at 811 KeVand 1099
KeV which were the least and most intense pbolOpeaks in the
spectrum other than those from "Co and "'Jr. For the 1099
KeV photopeak, the points for methods (b), (e), (0, and (g)
virtually overlap in all spectra except the 1ast, and in these
cases, average values for the four methods are plotted, the bars
showing the range of values observed. The same behavior
was observed in similar plots for the 889, 1121, and 1292 KeV
photopeaks (not shown). In general, the quantity (peak
area/peak area in spectrum I) decreases for all methods with
increasing activity due to "Co. (This decrease is more pro­
nounced for the 889,1121, and 1292 KeY pholOpeaks than ror
those plolled in Figure 4.) In all cases the decrease is more
rapid for Covell's and Sterlinski's methods than for the other
techniques studied. For the last three spectra in the series
(with the highest amounts of "Co), the decrease is least ror the
TPA method. Therefore, in activation analysis experiments
where there are large differences in deadtime between sample
and nux monitor, and where changes in resolution may be a
problem, the TPA method appears to be the best choice_
This observation has previously been made by Yule (5).

The fact that the more complex methods proposed by Ster­
linski and Quillner did not provide signillcantly greater preci­
sion than the more simple methods leads us to generally favor
the Wasson technique for peak area estimation. In genen.1.
the observed relative standard deviations ror the various
photopeaks based on the 12 repeated counts of tbe meteorite
sample, and integrated by the Wasson method, are close to the
standard deviations expected based on counting statistics
alone, as shown in Table nJ.

The Wasson method desaibed above is used routinely in
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our laboratory in a computer routine (SPECrRA) for processing
activalion analysis data. (The TPA melhod is included as an
oplion in the program.) The speclral data arc recorded on
punched paper tape, along with spectra of appropriale gamma­
ray standards. After searching out a photopeak, as described
above, the centroid of the peak is determined using the method
of Savilzky and Golay (//), and Ihe energy of the photopeak
determined using the energy calibralion provided by the analy­
sis of the gamma-ray standards. Thus, the energy and in­
lensity of the photopeaks in each spectrum are determined.
The energies of Ihe photopeaks to be used in the activation
analysis experiments arc read in on cards, along with the half­
lives of the corresponding radionuclides and the concentration
of the dement in the flux monitor. A second set of data cards
lists the sample or flux monitor weight, time of day that the
count of the sample was started, live time duration, and. when
appropriate, clock time duration. for each spectrum on the

tape. The program firslanalyzes the flux monitor spectra and
calculates the "specific counling rates" for each photopeak.
The program makes corrections for decay, and, for the case
where very short-lived isotopes arc being measured, for the
variations in deadtime of the analyzer. When the flux moni·
tor spectra have been processed, the sample spectra arc pro·
cessed and the concentration of each clement in each sample is
calculated.

ACKNOWLEDGMENT

The author wishes to thank Dr. John T. Wasson for helpful
discussions during the course of this work.

RECEIVED for review August 10, 1970. Accepted December
21, 1970. This work was supported by the National Aero­
nautics and Space Administration under contract NAS 9-8096.

Potentiometric Studies with an Ion Permselective Membrane

Sudarshan Lal and Gary D. Christian

Department a/Chemistr}', Unir:ersit)· 0/ Kentucky, Lexington, Ky. 40506

A dithizone-containing membrane is described which
shows varling degrees of permselectivity to a large
number 0 cations and anions, inclUding mono-, di-,
and trivalent ions. It has been used successfully for
the potentiometric monitoring of precipitation, chelo­
metric, redox, acid-base, and nonaqueous titrations.
Relative selectivities of the membrane toward different
ions are used to Interpret different shapes of titration
curves. Effects of sample concentration, organic
solvents, and extraneous salts on the shapes 01 titration
curves are reported. The effect of the membrane
plasticizer on permselectivity to different ions and on
titration curves has been studied. The membrane is
stable for several months, except when used in purely
nonaqueous solvents.

A GOOD DEAL OF INTERES!' has developed during the past
decade in the prospective usc of ion selcctivc electrodes for
monitoring various ions. Several membranes that have
been used as ion sensing devircs have recently been sum­
marized by Rechnilz (/). A number of membranes have
bt.."'t:n used successfully for potentiometric titrations; some
exhibit Nernstian response but olhers do not. Some recently
described membranes include ion exchange membranes
(2-6) used for certain acid-base and precipilation titrations,
and the barium arsenate impregnated parchment paper
membrane of Liteanu .t 01. (7) used for limited acid-base
titrations. Reviews of ion exchange membrane electrodes
have been presented by Gregor (8), Spiegler (9), and Lak­
shminarayanaiah (10).

(I) G. A. Rcchnitz, Cltm'. £IIK. N,",s. 43 (lSi, 146 (1967).
(2) F. P. IjssllOg and E. van Dalen. Ana'. Cltim. A'ta, 36, 166 (1966).
(3) Ibid., 40, 421 (1968).
(4) Ibid.. 43, 77 (1968).
(j) J. S. Parson, ANAL. CII..... 30, 1262 (1958).
(6) S. K. Sinha. J. I"dia" elwm. Soc., 32, 36 (1955).
(7) C. uleanu, M. Mioscu, and I. Popescu, Rer. Raum. eltilll. 13

569(1968). • ,
(8) H. P. Gregor, A"". Reo. Pllys. ell,m., 8, 463 (1957).
(9) K. S. Spiegler, "Ion Exchange Technology." F. C. Nachod and

~'IIi'~~~I~rt, Ed., Academic Press, Ncw York, N. Y., 1956. pp

(10) N. A. Lakshminarayanaiah, ellelll. R,e., 65, 49t (1965).
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Bloch, Kedem, Vofsi, and coworkers (//-16) have de­
scribed membranes in which permeability is made possible
by specific solvation or complexation of a particular permean t
by the membrane matrix. These arc the so-called solvent
membranes. Thcy have been used for separalion of iron(llI)
from aluminum(llI) in high concentrations of hydrochloric
acid(") and for the separation of uranyl nitrate from a
mixture containing iron and aluminum (/2). In the former
case, the active membran!: contains an alkyl-phosphoric
ester such as tributyl phosphate, which selectively "extracts"
the uranyl nitrate. The ester also serves as a plasticizer
for lhe polymeric polyvinyl chloride malrix. Thesc mem­
brane separations have been likened to solvent extraction
systems, hence the name "solvent membrane." Recent
evidence (/7) has indicated that the mechanism of transporl
involves distribution of the metal ion at thc aqueous solution­
membrane interface and the rale (kinetics) of complex
formation in the membrane.

Solvent membranes have recently received aUentlon as
possible active ion selective membranes in electrodes. Bloch,
Shatkay, and Sarolf (/8) described a calcium seleclive elec­
trode in which the membrane consisted of polyvinyl chloride,
tributyl phosphate as plasticizer, and thenoyltrinuoroacetone
as the selective chelating agent. The electrode showed high
selectivity for calcium in the presence of sodium, magnesium,

(II) R. Bloch, O. Kedem. and D. Vorsi, NaMe. 199. 802 (1963).
(12) R. Bloch, A. Finkelstcin, O. Kcdcm. and D. Vofsi. Ind. Ellg.

Chem.• Process DI'J. Dcu!op., 6.231 (1967).
(13) R. Bloch, A. Katchalsky. O. Kcdem, and D. Vorsi, U. S.

Patent 3,450,630, June 1969.
(14) Ibid., 3,450,63t.
(15) R. Bloch. A. Katchal,ky. O. Kedem. and D. Vofsi. Brit. ('atent

1,049,041 (1966).
(16) Yeda ReS<8rch and De"elopmenl Co.. Ltd., ibid.• 1,090,096

(1967).
(17) D. Yorsi, O. Kedem. R. Bloch. and S. Marian. J. II/org. NI/e/.

Cltem.• 31,2631 (1969).
(18) R. Bloch, A. Shatkay. and H. A. SarolT, Oioph>,s. J.. 7, g65

(1967).



Table I. Dlpeatylpbtbalale MembraDe Reap..- to Various
Catloall and ADloalI

Potential, mV

increased concentration while anions cause the potential to
decrease. From the titration curves described below, the
relative changes in the pOlential upon a tenfold increase in
concentration appear to give a fairly good indication of the
pcrmselectivilY of the membrane toward the various ions.
In some cases, however, and in principle, it depends to some
extent on their relative initial readings at a given concentra­
tion. A negativc change in polCntial for a cation upon
increased concentration indicates that the membrane is more
permselective toward nilrate ion than for the cation. The
reverse is true for anions, i.e., a positive change in polential
means the membrane is more selective toward poUlSSium
ion than to the anion.

It should be pointed out thaI the measured potentials.
as seen from Table I, do not appear to be Nernstian in nature.
The potentials are actually bi·ionic potentials; bi-ionic is
defined here to mean that the electrode responds to bOlh
cations and anions simultaneously. Hence, it is dillicult
to detennine whether the electrode response to a panicular
ion is Nernstian. The change in potential upon change
in a given ion concentration will depend on the counter ion
of the salt used. In view of the limited understanding of
bi-ionic potentials, a quantitative interpretation of the
measured potentials and, consequently, of permselectivities
is not possible. This is Ihe reason the primary use of the
membrane is restricted to measurements of potentia.! changes
(potentiometric titrations) as opposed to direct potentio­
metric measurements.

Direct comparisons of relative pcrmselectivities toward
ions of dilTerent valences cannot be made because of the
change in the cation :anion ratio with changing valences.
Also, monovalent ions should in principle show twice the

'IO""M 10"".11·

195.0 244.5
84 115

-13 16
39 34
24 10
66 36
36 2

-26 3
-38 -33

63 67
1.5 -6.5

-29 -41
-19.5 -33.0

42 22.5
46.5 15.0
69 63
SO 42

and barium, as confirmed by Stucky, Johnson, and Sutula
(19).

The present communication describes a plastic membrane
impregnated with dithizonc which has been found to be
permselectivc toward a largc variety of ions, including
mono·, di-, and trivalent cations or onions. Because of this
permselectivity, the electrodc has been successfully employed
for potentiometric precipitation titrations, acid-base titra­
tions, redox titrations, complcxomctric tilrations, and non­
aqueous titrations. The effects of extraneous salts, organic
solvents, and membrane composition arc reported.

EXPERIMENTAL

All chemicals employed in this investigation were of re­
agent grade and their solutions were prepared with deionized
distilled water by standard analytical procedures. The solu­
tions were stirred during titration by means of a Teflon-coated
(DuPont) magnetic bar, and the measurements of potentials
were made with a Keithley 61O-B Electrometer. All cables
were shielded and the cell assembly was placed in a copper
gauze cage in order to ensure stable reading and adequate
grounding. The potential differences were measured [IS. the
SCE (Beckman sleeve type) and solutions were conneclCd
through a saturated NH.NO,-agar salt bridge with the cell:

SCEIIO-'M Pb(NO,),! Membrane I

ISample ISatd NH.NO, i SCE
. solution Agar Bridge i(sleeve

i lype)

The membrane was prepared as follows: (Available from
Miles Laboratories, Inc., Ames Company Division, Elkhart,
Ind., as Membrane #10980.) Dithizone, 40 mg, were dis­
solved in 6 ml of the plasticizer, dipentylphlhalale (DPP).
5% polyvinyrchloride, 40 ml, in cyclohexanone (WI/vol) were
added 10 Ihis and mixed thoroughly. The mixture was cast
on a clean glass plale (8-inch X 8-inch) and was allowed to
dry in the dark in a draftless area. The dried membrane was
cut circularly for mounting in a Teflon probe. The diameter
of the exposed membrane was 8 mm.

The probe was filled with IO-'M lead nitrate solUlion. The
electrode was stored in the open for 48 hours for precondition­
ing of the membrane. During this time the membrane turned
red, because of formation of the lead dithizone chelate. The
formation of the lead chelate stabilizes the dithizone against
oxidation. It may also be involved in an ion exchange
mechanism for determining the pOlential. A saturaled calo­
mel electrode was used as the internal reference electrode by
dipping in the to-'M lead ion solution.

The potenlial readings on the stirred solutions were re­
corded after an inlerval of 1-2 minutes.

Other plasticizers investigated were diphenylphthalate, di­
n-octylphthalate (OOP), and di-(2-ethylhexyl)isophthalate
(DEI). Except when noted, all studies were made using Ihe
DPP membrane.

RESULTS AND DISCUSSION

Relative Selectivities of Electrode toward Various Catioas
and Anions. The relative millivolt readings of the membrane
in to-'M and IO-'M solutions of several cations and anions
arc summarized in Table I. Solutions of the cations were
all prepared from the nitrales unless otherwise specified,
while solutions of the anions were prepared from the potas­
sium salls. Cations cause the potential to increase with

(19) G. L. Stucky, D. H. Johnson, and C. L. Sutula, 157th Na·
lional Meetins of the American Chemical Society, April 13-IS,
1969, Minneapolis, Minn.

Cations

AS·
n·
H·
Cs+o
K·
Rbh

Na·
Cu1+"
NiH
Pb2+­
Ca'­
Zn"
Mgh·
BaH
Sr H

l,aH

AI'·

Anions
\0'100,­
SeN­
NO,­
C1-
1-
Br
F­
OW
SO,I­
CrtOl t ­

C,O,t-

• Chloride salt.

97
3.9

24
37

-18
7.5

17
-105

13
90

-47

22
-15.2

10
26

-25.5
1.2

13
-93

4
85

-33

AE,mV

49.5
31
29

-5
-14
-30
-34

29
5
4

-8.0
-12
-13.5
-19.5
-31.5
-6
-8

-75
-19.1
-14
-11
-7.5
-6.3
-4

12
-9
-5
14
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Figure 2.

A. Titration of SO mI of 0.01 M AI,lSO,J. with NH.
B. Tllnltion of SO ml of O.OlAf l.a(NO,), "'lth KF
C. Tllnltlon of SO ml of O.OIM Zn(NO,J, wllh K,P,O,
D. Titration of SO ml of O.01Al Mg(NO,): l\'ith K,PtO,
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Figure I. Titration of 50 ml of O.OIM Pb(NO.),

A. With K,P,O,
B. With No,WO,
C. With K,CrO,
D. With KoSO,

response Ihal divalent ions show. etc. Based upon Ihe
potential changes. the membrane has the following approx·
imate order of permsclectivity toward monovalent cations:
AS+ »TI+ - H+» Ca+ > K+ > Rb+ > Na+. The perm·
selectivity toward divalent cations is: CuH » NiH = PbH

> Ca'l+ > Zn2+ ~ Mg2+ > Ba2+ > Sr2+. AIH and LaH
show aboul equal response. Monovalent anions show the
order: MnO,-» SCN- > NO,7 > CI- > 1-~ Br> F- >
OH-.· Divalenl anions show the order: SO.... > Cr,o,'- >
crO,'-.

Precipitation T1tratJons. TITRATIONS OF LEAD ION. The
tilration curves for the titration of lead with a number of
precipitatitlg agents are shown in Figure I. The equivalence
points are indicated on the titralion curves. A well defined
S-shaped curve was obtained for the lilration of lead with
pyrophosphate. tungstate. chromate. sulfate. oxalate. and
ferrocyanide. IC is likely that larger polenlial breaks can
be obtained by adding an organic solvent. as has been reponed
for Ihe potentiometric tilralion of lead with sulfate (20).
The potassium or sodium salts of 'the precipilating agenls
were used and Ihe eleCtrode responses to these ions were
sufficiently small compared to lead ion thaI" they had liltle
effect on the shape of the titration curve. The magnitude
of lhe potential break at "he end point was. in general. a
function of a combination of th~ solubility of Ihe lead salt
and the response of the electrode to the precipitating anion
beyond the end point. The more insoluble the precipitate
and the greater the electrode response to the anion. the larger
should be the break. In several cases. the potential increased
slightly at the beginninll of the titration and then decreased.

In titrations with iodide. an initial large drop in potential
was recorded followed by a gradual decrease until the end
point. Titrations with potassium iodate were not successful.

TITRATIONS WITH SILVER ION. Since the membrane
displays a high degree of SCIL'Clivity toward silver ion. titra·
tions utilizing silver were performed with several reagents.
A large potential break was obtained for the titration of
silver with iodide ion and vice versa.

A mixture of IQ-'M KCI and KI wa' titrated with a
standard solution of AgNO,. The titration curve exhibited
two inf1L.-ction points at the stoichiometric values. The
first break corresponded to iodide and the second one to
the chloride. However. no separate infleclion point could be
achieved with a mixture of iodide. bromide. and chloride.
Manin (2/) reported that total halide can be determined
accurately. but individual halide determinations arc generally
in error because of mixed halide precipitation and adsorption
of halides onto the precipitates.

Titrations of mixtures of silver and lead with KCl or K I
were attempted. A large potential break was obtained
corresponding to the silver end point. Even though the
lead chloride or iodide could be seen to precipitate beyond
the silver end point. no second break for the lead end point
Bnd no distortion of the silver end point occurred. This
was due to the fact that the membrane is very much more
responsive for silver than for lead and even the small concen­
tration of free silver ions beyond the end point. combined
with the relatively high solubility of lead chloride and iodide.
was sufficient to suppress the lead end point break. A
mixture of iodate and chloride was titrated with a standard
silver nitrate solution. Two inflection points were obtained
with the first cOlTesponding to the chloride end point.

Titration of silver with thiocyanate exhibited a large
potential break. Silver was titrated with thioacetamide as
follows. A buffer solution of pH 5 was prepared by mixing

(70) J. W. Rouand M. S. Frant. ANAL. CHEN.• 41. 967 (1969). (21) H. J. Martin, ANAL. CKEM.• 30.233 (1958).
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Figure 3.

A. Titration of 25 ml of O.OIM RbCl willl
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B. Titration of 25 mI of O.OIM KCI ..illl
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Figure 4.

A. Titration of 25 ml of O.OIM AgNO, In waler witb NaTPB In
water
B. Titralionof25 mlofO.OIM Agl"O. la 50% acetoaewllbNaTPB
jnSO% water

TrrRATloNS WITH SoOIUM TElllAPHENYL BoRON. Sodium
tetraphenyl boron (TPB) has proved to be a versatile reagent
for the quantitative determination of K+, Rb+. Cs+, NH.+.
and other metals. The potentiometric determination of
potassium with TPB has been described by Geyer and Frank
(24). Recently, Rechnitz et a/. (25) employed a cation­
sensitive glass electrode for the determination of alkali
metals. But they used Ca-TPB as the precipitating reagent
because the glass electrode was too responsive to sodium ions.
In the present case, the membrane responded wen to the
changes in concentration of K+, Rb+, Cs+, and NH.+ ions
and yielded potentiometric curves with sufficiently sharp
inflection points when Na-TPB was used as the titrant.
The Na·TPB solution was standardized against a standard
solution of silver nitrate in slightly acidic medium (diluted
acetic acid), potentiometrically using a silver wire as the
indicator electrode.

Stock solutions of the univalent ions were prepared by
weight from reagent grade salts and more dilute solutions
were prepared by diluting aliquots of these solutions to
appropriate volumes. The pH of the solution for the titra­
tions was adjusted to 3.2 by addition of dilute acetic acid.
Twenty-fivc milliliters of IO-'M KCI were titrated with
0.045M solutions of Na-TPB. A symmetrical S·shaped
curve was obtained (Figure 3B). Similarly, titrations of
solutions of Rb, (Figure 3A) Cs, NH,+ Hg(l), TI(I), and Ag
(Figure 4) were successfully conducted.

The results indicate that the titrations can be performed
with good accuracy. The titrations can be accomplished
in nonaqueous medium. This was shown by titrating silver
with Na-TPB in 50 %acetone solution (Figure 4B). Attempts
were also made to titrate mixtures of Rb and K, K and Cs,
and TI and Ag. The resulting titration curves gave only a
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O.IM potassium acid phthalate and O.05M trisodium phos­
phate solutions in the ratio of 50 to 24 parts by volume
and 0.5 gram of powdered thymol pcr liter was added as a
bactericide. A O.2N stack solution of thioacetamide was
prepared in the above buffer solution. The thioacetamide
was standardized potentiometrically with AgNO,-EDTA
(22). Twenty.five milliliters of the O.OIN AgNO, solution
were titrated with 0.1 N thioacetamide solution. An inflec·
tion point was obtained at the stoichiometric value.

TITRATION OF MAGNESIUM AND ZINC WITH PYROPHOSPHATE.

Fifty milliliters each of IO-'M solutions of magnesium
nitrate and zinc nitrate were titrated against O.04M potassium
pyrophosphate. The characteristic curves for these titrations
are shown in Figure 2, C and D. The titration curve for
zinc is unusual. However. the end point can be determined
by extrapolation (dashed lines). The titration plot for
magnesium also is not so well defined. This is indicative
that the electrode is not very sensitive for these cations.
The theoretical titer value for both titrations was 6.25 mi.
The volume at the intersection for zinc was 6.30 ml and for
magnesium 6.10 ml.

TITRATION OF TRtVALENT CATIONS. A standard solution
of aluminum sulfate was titrated with 0.5SM ammonia.
A sharp break occurred at the equivalence point (Figure 2A).
A standard lanthanum solution was prepared as described
by Fritz ef 0/. (23), and was titrated with 0.3M KF solution.
A nonsymmetrical titration curve was obtained (Figure 2B).

(22) C. L. Wilson and D. W. Wilson, "ComprehensiVt: Analytical
Chemistry." Vol. HA, Elsevier Publishing Co., New York,
N. Y., 1960, p 130.

(23) J. S. Fritz, F. T. Oliver, and D. J. PietrZYk, ANAL. eHE"'., 30,
1111 (1958).

(24) B. Gel"r and H. Frank, Z. Allo/. Clrem., 179,99 (1961).
(25) G. A. Rechnitz, S. A. Katz, and S. B. zamochnick, ANAL.

CHEM., 35, 1322(1963).
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63
66 +3

114
126 +12
39
38 -I
97
22 -75
86
22 -20
90
85 -5

Potential,
mYsalt

IO-'M FeSO.
Io-'M FeSO,
IO-'M Fe,(SO.),
Io-'M Fe,(SO.),
lo-'MMnSO,
lo-'MMnSO.
lo-'MKMnO.
IO-'M KMnO,
IO-'M Cr(NO,),
IO-'M Cr(NO,),
W- 1AI KtCr,OJ
IO-'M K,Cr,o,

Table n. Comparison of DPP Membrane Response to
Different Oxidation States of Iron, Manganese, and OJromlum

Change in
Potential,

mV
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ml of K2 CrO.

Figure S. Titration of SO ml of O.OIM
BaC!, with K2CrO,

ml of KMnO.

Figure 6.

A. Titl'l\tlon of SO Iill of O.OIM FeSOdNHJ,sO. vs. KMnO.
B. Titration of SO ml of O.OIM FeSO.-(NH.),sO. rs. K,Cr,o,
C. Titration of SO ml ofO.OIM KI with KMnO.

titration curves were obtained for the titration of strontium
or calcium with potassium sulfate. A small. but ill defined
break was obtained for barium. Barium titrated with
chromate gave a "first derivative" type peak at the end
point (Figure 5). The increase in potential before the end
point was probably due to the response to potassium ion
as it replaced the relatively nonpermsclcctive barium ion,
while the decrease in potential beyond the end point was due
to the response of the electrode to the chromate anion .
Thallium, titrated with KI or K,crO" exhibited small S­
shaped breaks of 10 mY or less.

Redox Titrations. Curves for the titration of Mohr's salt
in the presence of dilute sulfuric acid with KMnO. and
K~r:t07 are shown in Figure 6. In these tillations, several
ions to which the membrane responds, arc present in the
solution throughout the titration. In the titration with
KMnO., for example, Fe 2+, NH.+, SO.2-, and H+ are initially
present and the iron is converted to FeH as K+ and MnH

(from MnO.-) ions are added. Beyond the end point, K+
and excess MnO.- are added. The concenlration of Ihe
NH.+, SO.2-, and H+ ions remain fairly constant throughout
the titration, while the others change. Table II lists the
potential readings of 10-' and lo- 2M solutions of salts of
the different oxidation states of iron, manganese, and chro­
mium employed in these titrations. Only approximate com­
parisons can be made because of the dependence of the
concentration of the counler ion on the valence of the clement
in question. It is apparent from the change in potentials,
however, that the membrane responds more to Fc(III)
than to Fe(II). Note that a small potential change docs not
necessarily mean the electrode is unresponsive to a cation
but rather than this response is not significantly greater
than that due to the anion, which results in an opposing
change in potential. The absolute potential change in
going from Fe(II) to Fe(lII) is larger than +12 mY since
the SO,2-JFe ratio in the latter case is increased (the increased
anion concentration opposes the positive potential change).
Note also that for a Nerostian electrode (which this is not)
the potential changes for Fc(II) and Fc(lII) would be +30
and +20 mY, respectively. So the larger Fc(III) potential
change is quite significant. This is supported also by the
fact that the initial potential reading for Fc(III) is 51 mY
more positive than for Fc(II).

The response to Mn(ll) is very small or negligible as
compared to MnO.-. The membrane response to the
perrnanganate anion is very large. From these data, the
titration curve in Figure 6A can be predicted. Throughout

m' • f KMnO. m' .f KtC,ZOY
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single inflection point corresponding to the total of the
mixture of the cations used. The failure to obtain separate
inflection points corresponding to the individual cations is
probably due to coprecipitation, as there is not a wide dirTer­
enoc in the solubility of the respective tetraphenyl borates.
The superiority of the electrode lies in the fact that titrations
can be performed in acid medium and with the sodium salt of
TPB.

TITRATION OF OrnER CATIONS. Titration of the alkaline
earth metals Sr, Ca, and Ba, as well as TI(I), were attempted
with some common precipitating agents. III defined
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Figure 7. Titration of 25 ml
of 0.01 M CU(NO,h with EDTA

A. pH 3
B. pH 5
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Figure 8.

A. TitratioD of 2S ml of O.OIM Ni(NO.l: ,.ith
EDTA,pHS
B. TitratioD of 2S ml of O.OIM Ni(NO.). ,.ith
EDTA,pHIO
C. Titration of 2S m1 of O.OIM Hg(NO,l: ,.ith
EDTA,pHS
D. Tttration of 2S m1 of O.OIM Hg(NO,l: with
EDTA,pH10

ion was added along with the iodine. A nonsymmetrical
S-shaped curve was obtained. The iodide ion added probably
accounts for the nonsymmetrical shape.

Complexometrie Titrations. The applicability of the mem­
brane for potentiometric titrations with EDTA was examined.
Cu(II), Ni(fl), Pb(ll), and Ag(l) were titrated. A standard
EDTA solution was prepared by titration of a standard zinc
solution prepared from zinc metal.

Copper nitrate (lO·'M) was prcpared in acetate buffer
solutions of pH 3 and 5 and was titrated with O.IM EDTA.
The end point was simultaneously noted by 1{2-pyridylazo)­
2-naphthol (PAN). In general, EDTA titrations were
successful only for those metals to which the membrane
exhibited a high permselectivity and which formed stable
EDTA chelates. The membrane is quite permselective to
copper and a small but sharp break was obtained at the equiv­
alence point (Figure 7). At pH 10 (ammoniacal buffer),
however, no break could be obtained. Similar results were
found for nickel. A sharp break was found at pH 5 but at
pH 10 the potential decreased throughout the titration (Fig­
ure 8,A and B). Figures 8,C and D illustrate the curves for
the titration of mercury(II). The membrane would be ex­
pected to have good permselectivity to mercury as for silver.
Successfultitrations were carried out at pH 10 as well as at
pH 5. Attempts were made to study the complexomelric
titrations of sHver and lead at various pH values. Titrations
for these metal ions were not successful. In the case of silver,
no significant change in potential readings could be noticed
with subsequent addition of EDTA. This is due to the fact
that silver does not form a sulIicientJy sUlble EDTA complex
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the titration up to the end point, the relatively nonpermselcc.
live ion, Fe(lI), is being replaced by the permsclcclive ion,
Fe(llIJ, plus nonpermselectivc Mn(I1J, causing the potential
to increase. 13eyond the end point, the highly permselective
anion, MnO~-, is added causing a large decrease in the poten­
tial. Similar arguments apply to Figure 6B, except that the
membrane shows apparently no or very little response to
Cr(llI) and a small response to Cr,o,'-. Hence the end
point is less sharp than the titration with permanganatc.
The equivalence point of both these tilrations occurred at
the maximum in the titration curve.

An unusual titration curve, Figure 6C, was obtained for
the titration of acidified potassium iodide with potassium
permanganate. The potential initially decreased and then
increased and gave an S-shaped break at the equivalence
point, as 1- was replaced by Mn(I1) and I, or 1,-. A possible
explanation of this might be that soluble 1,- decreased the
potential while the I, was nonpermselective. At the beginning
of the titration, there was sufficienll- to form la- with the ]~

prOduced, but as the titration progressed, less 1,- was formed
with that originally formed being removed.

Iodometric titration of potassium dichromate or potassium
iodate gave only gradual increases in the potential throughout
the titration. The high background of iodide ion rendered
these titrations useless. Titration of arsenic(IlI) with
iodine was successful, however, in spite of the fact that iodide
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Figure 9.
A. Titration of KHP in 15 ml of glacial amic acid with

A. Titration of 50 mI of O.OIM NH. with HO O.IM HCIO., in glacialaeerie acid

B. Titration of 50 ml of O.OIM H,C,o. with NaOH B. Titmtion of KHP In 15 ml of glacial amic acid with
C. Titration of 50 ml of 0.01 M HCI with NaOH O.IM IICIO~ in dioxane

D. Titration of 50 m1 of O.OIM HC,H.O. willi NaOH C. Titration of pyridine in 2S ml of glacial acetic add with
O.IM HClO. in Rladal acetic acid

(26). For lead at pH 10 (in the presence of about 2 grams of
potassium hydrogen tartrate), no S-shaped curve could be
obtained. Similarly, titrations of alkaline earth metals were
unsuccessful, probably because of the relatively low perm­
selectivity to these ions.

The small changes in potential were Ukely superimposed by
changes in the liquid junction potential. The fact that the
potential remained nearly constant (1.5 mY range) when no
comple~ation occurred (silver titration) suggests that these
changes should be quite small. The solutions were also
0.01 M orless.

Acid-Base Titratloos. Titrations of strong acid os. strong
base, weak acid os. strong base, and weak base L1S. strong acid
were carried· out. The potential break was compared with
visual indicator end points. The titration curves are sum­
marized in Figure 9. Sharp breaks of approximately the
same magnitude were obtained for all the titrations. The
magnitude of the break is apparently determined by the elec­
trode's response to hydrogen and hydroxyl ions as well as
to the other ions in solution. The response due to hydroxyl
ions is small, however (sec ,Table I). Oxalic acid gave a sinBle
potential break corresponding to the titration of both hydro­
gens. Boric acid titrated with NaOH exhibited a gradual
decrease in the potential throughout the titration with a change
in the slope at the equivalence point..

Noaaq_ Tltratlons. The membrane was found to
respond to several nonaqueous acid-base titrations. Twenty­
five milliUters ofO.IM potassium acid phthalate (KHP) was

(26) C. L Wilson and D. W. Wilson, "Comprehensive Analytical
Chemistry," Vol. IB, Elsevier PubUshing Co., 1960, New York,
N. Y.,p3S9.

titrated in glacial acetic acid with approximatcly 0.1 N per­
chloric acid in acetic acid. The cnd point was marked visu­
ally by adding methyl violet dissolved in chlorobenzene. The
potential decreased and then increased markedly at the equiv­
alence point, as shown in Figure lOA. The titration could
be performed in reversc. A similar but even ~harperI titration
curve was obtained for the titration of KHP in glacial acetic
acid with perehloric acid dissolved in dioxane (Figure lOB).
The titration could not be performed in the reverse. however,
bc..-cause in the presence of dioxane solvent, the membrane
becomes unstable and a high resistance develops.

Nitrogen containing organic bases were titrated in glacial
acetic acid. With aniline, lhe potential increased gradually
throughoutlhe titration with a smalllevelUng occurring at the
methyl violet end point. This was of no analytical usc, how­
ever. The titration of pyridine gave a curve qualitatively
similar to KHP, but the minimum in the potential occurred
before the end point, and an S-shaped innection point marked
the equivalence point (Figure 1OC).

Attempts were also made to conduct some titrations in
other organic solvents. Titration of 0.1 M benzoic acid in a
benzenl~methanol mixture (3: I) with sodium methoxide in
benzene-methanol was performed. The pOlential increased
linearly with the addition of benzoic acid until at the end
point a slight inflection point was noticed. The determination
was of little analytical value, however. Titrations of aniline
or pyridine in acetonitrile with perchloric acid in dioxane
failed. Similarly, titrations of phenol in dimethyl formamide
and of phenol in ethylenediamine with sodium methoxide
were not successful. The membrane became swollen and
turned cherry red in ethylenediamine, but at the end of the
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A. O.oMKNO,
B. O.olM KNO,
C. O.lMKNO,
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to the increased ionic strength which causes a decrease in the
activity of the ions being measured and the competitive reo
sponse of the membrane to the extraneous electrolyte ions.
II is difficult to assign the effects ofeach because the membrane
response to most ions is non-Nerstian. The decrease in the
potential span is steep with initial increases in ionic strength
and then it falls exponentially.

In the presence of magnesium nitrate, the foot of the wave
became more regular and occuITed at less positive potentials,
but the upper portion of the curves tended to be more dRwn
out. The entire cUrve was shifted tn more De811tive potentials.
In the presence of 1M magnesium nitrate, the titer value was
higher by 1.9 %, possibly because of impurities.

Similar behavior was also noticed in the presence of alu­
minum nitrate aod the results were about I.S %higher than the
normal value. At I .OM aluminum nitrate, the titration eurve
was very much distorted with the upper and lower portions
drawn oUI, but this .ffect was not observed in 0.01 M and
O. IM aluminum nitrate.

Titrations of KCI with AgNO, in the presence of YarYing
amounts of nitric acid were also attempted. The lower and
upper parts of the curves first became drawn out (O.OIM
HNO,) and then the potential span was decreased (O.IM and
1M HNO,). However, a sharp end point was still obtained.
The experiments above show that the membrane responds
efficienUy toward the ions K +, Rb+, es+, Pb2+, Ar, Ca'''',
Al'+, and La '+ when titrated with reagents wbich stoichio­
metrically form precipitates with them. Titrations of these
ions in the presence of mineral acids were successful

ACID-BASE TITRATION>. Titrations of HNO, N. NaOH
were carried out in presence of varring concentration ofKNO,
and the typical CUrves are shown in Figure 12. The voltage
span of the titration curves was greatly decreased with in­
creasing concentrations ofKNO,.

Ell'eet of OrguJe 801_ Precipitation titrations in 50%
acetone were shown above to be successful. Acid-base
titrations were performed in presence of 20, 40, and 60%
(vol/vol) of ethanol or acetone. The characteristic curves
for ethanol solutions are given in Figure 13. The membrane
still exhibited a sharp end point and the potential readinss
were sufficiently stable in presence of these orpnic solvents.
The end points obtained with the electrode were compared
with \isuaJ end points using phenolphthalein and all agreed
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Figure 11. Titratloos of 25 ml of O.OIM KO ",ilb AgNO, In
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A. O.OMKNO,
B. O.IMKNO,
C. 1.0MKNO,

titrations it became colorless and brittle. It was found that
the membrane electrode could be used to study only a few
solvent systems and was most suitable in glacial acetic acid
medium.

Membrane Stability. All the titrations reported here,
except for the nonaqueous acid-base titrations, were per­
formed using a single membrane. The electrode was stored
in the air between uses, and it was used for a period of several
months. Formation of the red lead-<lithizone chelate in the
membrane undoubtedly protects against oxidation of the
dithizone.

When precipitation titrations in 50% acetone were con·
ducted, the membrane could still be used to indicate titrations
in aqueous solutions (Ag+ "s. 1-), although the potential
response and magnitute of the end-point break was somewhat
decreased. This study was done after all aqueous studies
Were complete.

When used in pure nonaqueous solvents, the membrane
had to be changed frequently. The red lead-dithizone che­
late in the membrane could be seen to leach out, although
this did not seem to affect the membrane response during the
titration. The membrane often became swollen and brittle
after use in nonaqueous solvents.

Ell'eets of ExlraDeoul Salts. Because the electrode re­
sponds to many ions, studies were conducted to determine
the effecl of some of the most frequently encountered elec­
trolyte ions and of ions with different valence.

PRECIPITATION TITRATION>. Potentiometric titrations of
KCI were conducted with a standard solution of AgNO, in
the presence of the extraneous electrolytes KNO" Mg(NO,)"
and Al(NO,), at varying concentrations. Typical titration
Curves in the presence of KNO, are depicted in Figure I J.
Curve I denotes the titration of IO-'M KCI alone. The
lower portion of the distorted S-shaped curve in the beginning
shows a trough which was modified at higher concentrations
of KNO,. In addition, the limiting potential value was de­
creased. The net result was a decreased potential span at the
end point. There was practically no change in titer values.

Thus, the extraneous electrolyte affects the accuracy of the
determination in the sense that less sharp inflection points are
encountered. The decrease in the voltaae span is due both
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Table IV. Di-n-Octylpblbalate Membrane Response tn
Various Catinns and Aninns

Potential, mV
Cations 1a-'M IO-'M t!.E,mV

Ag+ 76 93 27
Rb+< 17 21 4
TI+ 35 32 -3
Cs+< 33 28 -5
K+ 17 12 -5
Na+ 15 9 -6
H+ 80 57 -23
Mn H -3 14 17
Zn1+ 18 20 2
Srh- 10 8 -2
Nih- 19 13 -6
Mgh- 25 23 -8
Pb H 37 28 -9
Cat+ 30 16 -27
Cu'''' 66 39 -27
Ap+o 36 44 8
La'" 15 5 -10
erJ

" 45 28 -17
Anions
SCN" 10 -40 -50
1- -19 -43 -24
Dr- 15 7 -8
Ac- -10 -18 -8
NO,- 17 12 -5
CI- 30 26 -4
OW -99 -29 70
Caor 18 -5 -23
C01'- 30 22 -8
CrO.'- -34 -39 -5
50.'- 23 33 10

o Chloride salt.
b Sulfate salt.

Ag+» TI+ > K+ > Rb+ > Cs+ > H+ > Na+

regard to the alkali metals and other monovalent ions.
Hence, studies were made to determine the effect of membrane
composition on titration curves. The results show that the
DPP membrane generally gives the most well defined and
sharp titration curves, The diphenylphthalate membrane
behaved as a dried plastic and displayed nonpcrmselectivity
to common ions. Hence, further studies with this membrane
were abandoned.

RELATIVE PERl'-tSELECTlvm' OF MDoIBRANES TOWARD VARl­

OUS CATIONS AND ANIONS. The relative millivolt readings of
the membranes in 1O-'M and 1O-'M solutions of several
cations and anions are summarized in Tables III and IV.
Solutions of cations were all prepared from the nitrates unless
otherwise specified, while solutions of the anions were pre­
pared from the potassium salts. Based upon the relative
potential changes, the following approximate order of perm­
selectivity toward various cations and anions is obtained from
the data in Tables III and IV.

DEI Membrane. monovalent cations:

f--'-'
--.

---A 8 C 0

~-
L l,

A
-80 o

Cations Ia-'M Ia-'M t!.E.mV
Ag+ 152 198 46
TI+ -31 3 34
K+ -26 -16 10
Rb+< -42 -33 9
Cs+< -35 -33 2
H+ 161 130 -II
Na+ -21 -33 -12
Zn H -32 9 41
MD''''' -57 -36 21
Nil ... -53 -33 20
Pb H 32 51 19
MgH -77 -68 9
Co'''' -67 -57 10
Sr l 1- 80 -75 5
Cu H 108 105 -3
AI'''· -36 -18 18
Cr H • -4 12 16
La'· -73 -69 4

Anions
SCN- -30 -35 -5
1- -43 -33 10
NO,- -26 -16 10
Dr -36 -26 20
CI- -51 -26 25
Ac- -72 -46 26
OW -86 -36 50
50.'- -34 -22 12
crO.t- -57 -40 17
CaO.'- -51 -32 19
CO,t- -77 -35 42

• Chloride salt.
• Sulfate salt.

6 0

ml of NoOH

Figure 13. Titrations of2S ml ofO.OIMHNO, wilb NaOH in
Ibe presence of ,'arying cDOcentratinns of elbanol (vol/vol)

A. 0% ethanol
B, 2G% elbanol
C. 40%elba.ol
D. 60% ethanol

-AO

Table 1II. Dl(2-Ethylhex)'I)Isopbthalate Membrane Response
to Various Cations and Anions

Potential, mY

20

AO

60

>E - ZO

-60

80

within 0.01 to 0.06 ml; th~re existed a linle lag between the
potentiometric end point and the 'visual end point, the former
being higher than the laner. At higher ethanol concentra­
tions, the curves were less symmetrical, and less reliable re­
sults may be expected.

Similar behavior was found for acetone solutions.
Studies wilb Otber Membrane Plasticizers. It was ap­

parent from early work that the nature of the plasticizer had
an effect on the membrane permselectivity, particularly with

divalent cations:

trivalent cations:

AI3+ > CrH > La3+

monovalent anions:

SCN- > 1- = NO,- > Br- > CI- > Ac- > OH-
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Figure 14. Titration of IS ml of O.OIM
UNO, VS. KOH with differeat membl'llDeli

A. DEI membrane
B. DOP membrane

divelent anions:

SO,'- > crO,'- > c,c,'- > CO,'­

DOP Membralle. monovalenl cations:

Ag+ » Rb+ > Tl+ > Cs+ = K+ > Na+ > H+

divalent cations:

MoHo> Zn'1+ > Sr'Z+ > NiH> Mg2+ > Pb H > CaH > CuH

trivalent cations:

monovalent anlons:

SCN- > 1- > Br- > Ac- > NO,- > Cl- > OH-

divalent anions:

C,O,'- > CO,'- > CrO,'- > SO,'-

As evident from these comparisons, the relative response
of the membranes varies greatly with the nature of the plasti­
cizer and this fact can be utilized for enhancing the selL'Ctivity
of one ion over another. With dtfferent plasticizers, the
membranes dilTer in chemical composition with their mode
of inner structure resulting in varying porosity and perme­
ability. It is immaterial whether the static equilibrium is
established at the plastic-solution interface with a chemical
potential difference WfPluuCl - ~lltOlution> which consequently
develops the electrical potential or the steady state potential
is reached due 10 dilferent mobilities of various ions through
the matrix, and the magnitude of potential gives a fairly good
idea of the selectivity of a membrane toward a particular ion.
A few general inferences are drawn:

(i) AU membranes show high response to silver ions.
(ii) These membranes seem 10 be less responsive to hydro­

gen ions than the DPP membrane in comparison to
alkali metal ions.

(iii) The DOP membrane is not very responsive to lead
ions.

(iv) The membranes show good response toward man­
ganese and zinc ions and least toward copper(II) ions.

..0

140

120

100

W 80 ,. A B C 0
u I<Ii

60

L,.;
> 40

> 20e

-20

4 0 0

ml of A9N03

Figure 15. Titration of IS ml UNO, <s. KOH with the DEI
membralle

A. O.OIM HNO.
B. O.OOIM HNO,
C. O.oooIM UNO,
D. O.ooooIM UNO.

(v) Among the monovalent anions, thiocyawlie and
iodide are the most responsive, whereas OH- ions lISe the
least.

(vi) These membranes monitor aluminum ions.

In order 10 explore the relative elfectiv<ness of th<se mem­
branes, several potentiometric titrations wert performed.

ACID-BASE TITRATlol<S. Titrations of strong acid os.
strong base (HNO, cs. KOH), monobasic w<ak acid os.
strong base (CH,coOH os. KOH), dibasic w<ak acid cs.
strong base (oxalic acid os. KOH), w<ak acid os. w<ak base
(CH.cooH os. NH.OH), and strong acid os. w<ak base
(HNO, cs. NH.OH) were carried out. Th< potential br<alc
was compared with visual indicalor end points. Typical
titration curves art shown for the first case in Figure 14. It
is evident from the inspection of the titration curves that
titrations with the DEI membrane show the sharpest infIcc·
liOll points with a maximum voltage span for a titration. In
strong acid-slrong base titrations, the curves were fairly
symmetrical but tended to rise beyond the end points. Titra­
tion plots for weak acids-strong bases or weaIc bases-weak
acids did not show a levelled plateau in the beginning of titra­
tions, but instead displayed a drawn out character with the
potential decreasing rapidly from the beginning of the titra­
tion; but the same rise in pot<ntial beyond the end point
occurred. Oxalic acid gave a large potential bn:ak c0rre­

sponding to the titration of both hydrogens.
Titrations with these membranes were done at dilferent

concentrations of acid and bases. The behavior for the DEI
membrane is shown in Figure IS. Typically, the polential
beyond the end point decreased and the eurve became more
drawn out as the concentration was decreased. Only strODg
acid-base titrations were attempted and th<se could be per­
formed in the concentration range 1O-'M to Io-'M. Similar
changes in the titration curves using the DOP membrane were
found.

TlTRATlONS WITH SILVER ION. An analogous behavior is
met with in precipitBtion titrations. The DEI membrane,
displaying the highesl selectivity for silvec ions, exhibited a
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Figure 16. Titration of 25 ml of O.OtM KCI os. AgNO.
with different membranes

A. DEI membrane
B. DOP membrane
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Figure 17. Titration of25 ml of Mohr's
salt (O.OIN) os. KMnO, wlth different
membranes

A. DEI
B. OOP

symmetrical S·shaped curvc with a large voltage span. The
DOP membrane resulted in a less symmetrical and less sharp
end point (sec Figure 16). Titrations at varying concentra­
tions of KCI, 1O-IM to 1O-'M, were conducted. Thc curves
became morc drawn out with dilution and less accurate re­
sults were obtained. Titrations al 1O-'M KCI were not
highly accurate, particularly with the DOP membrane.

TITRATION OF LEAD WITH SODIUM OXALATE. Fifteen milli­
liters of 1O-'M lead nitrate was titrated with O.IM sodium
oxalate. Titration cuives wilh Ihe DEI membrane were sym­
metrical and sharp whereas for the DOP membrane the curve
was iU-defined with no sharp inflection point. The ill·
definition and distortion of the titration curve is explicable
from the response value of the membrane toward lead ion.

REDOX TITRATIONS. Twenty·five millmters of Mohr's salt
(lO-'N) plus 10 ml of 2N H,sO, was titrated with O.lN
KMnO, solution. At the end point, a maximum was ob­
tained with both membranes, being less sharp for the DOP
membrane (Figure 17). Measurements of the membrane
responses to Fe(lJ), Fc(lII), MnO.- and Mn" revealed that

m I 01 N0 2 C2 0 4

Figure 18. Titrations with DPP and DEI membranes eon­
tsining no dithizone

A. DEI membrane
t. 25 mt of O.OIM HNO. os. KOH
2. 2S ml of G.OIAf Pb(NO.), L'S. sodium oxalate
3. 25 ml of O.OIM KCI vs. AgNO.

B. OPP membrane
4. 25 ml of O.OIM HNO. os. KOH
5. 25 ml of O.OIM Pb(NO.), V.i. sodium oxalate
6. 2S mt of O.OIM KCI os. AgNO.

lhc curves could be explained in a manner similar to the DPP
membrane.

EDTA T,TRATIONS. Titrations of standard solutions of
Pb(ll), Ni(ll), and Ca(ll) at pH 4.6 and 9.8 were attempted.
Irregular, distorted curves with no distinct equivalence point
were obtained for these cations. The DEI membrane did not
exhibit any measurable potential changes in tit rations of
Ni(lI) at either pH value. The membranes are unsuitable
for chelomctric titrations.

The absolute response of the membranes may vary some­
what from onc preparation to another. Hence, the relative
selectivities and shapes of titration curves may differ slightly
with each preparation. In all cases the relative selectivity
to different ions is in proportion to the relative potential
change with changing concentrations of the ions.

Role of the OIelating Ageot, Dithizone. In order to in­
vestigate the role of dithizone in governing the permse­
lectivity, two membranes with DPP and DEI plasticizers were
cast with the usual ingredients but in the absence of dithizonc.
Both ofthe membranes were colorless, translucent and stable.
Their relative response to HT, Ag+, Na+, K+, Pb H , Ca H

cations is given in Table V.
Both the membranes showed an almost equal response to­

ward silver ions but the relative response did increase in the
presence of dithizone (cj: Tables I and II, DPP=A50 mV
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DEI = M6 mY). The DPP membrane was still highly perm­
selective to hydrogen ions. Response toward lead ion by
both the membranes was still appreciable. However, in the
absence of dithizonc. the membranes showed more perm·
selcCllvity to K+, Na+, and CaH .

Acid-base and precipitation titrations were attempted with
membranes without dithizone and the results arc shown in
Figure 18. In the titration ofHNO,Ds. KOH,the DPPmem­
benne registered a sharp minimum at the end point. The
DEI membrane yielded a less sharp break. The potential
span of the titrations was considerably increased when dithi·
zone was prescnt in the membrane matrix.

These results clearly demonstrate that dithizone contrib­
utes in some way to increase the response to scveral ions and
the response ultimately governs the general morphology of
the curves. The membrane with dithizone when precondi·
tioned by immersing in dilute Pb(NO,), solution, becomes
cherry red. Probably, the Iead-dithizone chelate formed in
the network of the plastic controls the mobility of various
ions and helps in attainment of an equilibrated diffusion
potential at the membrane-solution interface.

In summary. the described DPP membrane is useful for
monitoring potential changes in cases where the absolute
magnitude of the potential is unimportant, as in potentio­
metric titrations. It functions well in all types of titrations,
regardless of the nature or valence of the ion and to a limited
extent in pure nonaqueous solvents. Because of the bi-ionic
nature of the membrane potential, its use in direct potentio·
metric measurements will probably be restricted to situations
in which calibration curves can be prepared under strictly
defined conditions. The fact thaI it responds to nearly all

Table V. Response to Vario... CatJoos of DPP and DEI
Membranes wllhout Dllhlzone

DPP membrane DEI membrane
potential, mY potential, mY

Cation Io-'M Io-'M limY Io-'M Io-'M limY
Ag+ 23 S9 36 64 102 38
H+ 144 261 117 lOS 144 39
Na+ 22 21 -I 57 67 10
K+ 30 73 43 62 78 16
PbH 43 79 36 120 140 20
CaH 12 20 8 S8 75 17

ions may make it valuable for measuring ions for which elec·
trodes arc not available, under weU defined conditions. Ki·
netic measurements involving changes in ion concentrations or
valence might provide an example.

Varying the composition of the membrane changes its
relative response to different ions and it is apparent that both
Ihe plasticizer and the chelating agent play imponant roles
in this regard. The DDP membranc results in the best de­
fined titration curves.
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Use of Syringaldazine in a Photometric Method for

Estimating "Free" Chlorine in Water

Robert Bauer and Chauncey O. Rupe

Ames Compan)', Division of Miles Laboratories. Inc., Elkhart, Ind. 46514

A colorimetric method for estimating "free" chlorine
(hypochlorous acid, hypochlorite ion) in water has been
developed using syringaldazine buffered at pH 7 as
the chromophoric agent. The reagent is sensitive to
hypochlorite but is insensitive to bound chlorine such
as chloramines, thus making it an Important reagent
for free chlorine in the presence of chloramines.
Syringaldazine reacts with chlorine on a mole for
mole basis. Under these conditions, the molar ab­
sorptivity (.) for the reaction is about 65,000 at ~ = 530
nm. The developing color does not follow strictly
Beer's law, but in dilute solutions of syringaldazlne
and chlorine, the standard curve (absorbance vt.
chlorine concentration) is a straight line deviating only
slightly from the origin.

DIFFERENCES in the bactericidal properties of "free" (hy­
pochlorous acid or hypochlorite ion) and "bound" chlorine
has focused allention on the need for a test for free chlorine in
water. Nicolson (I) has studied nine different methods seek­
ing an ideal colorimetric method. Several of these methods
werc found to adequately measure free chlorine if certain

(I) N. J. Nicolson, Analyst, 90, 187-198 (1965).

precautions were taken. But only the o-tolidine test has
be'Cn widely accepted as a convcnient field test, even though
it is known to react with vasious chloramines (2). With
most natural water, this presents a minor problem; but in
water containing ammonia and other contaminants. the
o-tolidine test may indicate adequate chlorination where little
or no unbound chlorine exists.

The wide use of chlorine in bleaches and disinfectants has
further increased the need for new chlorine tests, especially
those tests which measure free chlorine.

In searching for a convenient test for free chlorine, several
compounds which produce colored oxidation products were
studied. Since Bradley (3) and Grellon (4) have demonstrated
the usefulness of syringaldazinc and vanillinazine in the
estimation of hydrogen peroxide, it was decided to investigate

(2) "Chlorine, Its Manufacture, Properties, and Uses,'· J. S.
Sconce, Ed., Reinhold. New York, N. Y., 1962, pp 461-482.

(3) Wm. Bradley, Diagnostic Composition, U. S. Patenl 3,233.974
(1966).

(4) N. B. C. G",uon and J. T. Roes, Test Composition and Device
for Detccting Glucose, U. S. Patent 3,290,228 (t966).
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Figure 1. Absorption spectrum of eolor produced bl' the
syringaldazine-<:hlorine reaction in O.025M phosphate buffer,
pH7

these compounds 8S to their usc in determining chlorine in
water, A crude spot plale check of the two reagents showed
syringaldazine in phosphate buffer pH 3-8,10 be quite sensitive
to chlorine, while vanillinazinc under the same conditions
was rather insensitive even to chlorine concentrations as high
8S 5 ppm. Ek."C8USC of the low sensitivity of vanillinazinc for
chlorine, it was dropped from further sludy.

EXPERIMENTAL

Reagents. PIIOSPIIATE BUFFERS. A stock solution of
0.1 M disodium phosphate (analytical grade) was 'prepared
from which aliquols were taken and adjusted to the desired
pH (3-9) with either hydrochloric acid or sodium hydroxide
as needed.

S'I'RINGALDAZINE SYl'oITHESIS. Syringaldazinc was prepared
as follows: Syringaldehydc (Aldrich) in the amount of 3.6
grams (0.02 mole) was dissolved in 50 011 of methanol. Two
hundred millililers ofO.IN sodium hydroxide were added with
stirring, A pale yellow solulion developed. Hydrazine
dihydrochloride 1.05 gram (0,01 mole) dissolved in 50 011
of dislilJed water was added with stirring. Within 5 minutes,
yellow crystals began to appear. Gentle stirring was con­
tinued at room temperature for another 2 hours.

The solution was then filtered by suction, and the pn..'Cipi.
late washed on Ihe filler wilh a small amounl of distilled
water.

The pr~ipitale was redissolved in 400 011 of hOI ethanol
and filtered. Upon cooling 10 room temperalure. needle­
like yellow crystals 'began 10 form. After 2 hours at room
temperaturc, the solution was filtered. The precipitate was
air-dried to remove thc ethanol, and then placed in a vacuum
oven at 500 overnight.

The total yield of syringaldazine was 2.8 grams, 61 %
Iheoretical. Corrected mclling poinl was found 10 be 210­
211 DC.

STOCK SVRINGALDAZiNE SoLUTION. A 0.1 % solution of
syringaldazine was prepared by dissolving, 'with the aid of
heat, 100 mg in reagent alcohol containing 90% ethanol, 5%
methanol, and 5%isopropanol and diluling to a total volume
of 100 011 with the same reagent alcohol. Al room lompera­
lure, Ihis is close to a saturated solution. A 0.01 %solution
of the reagenl was prepared by diluling Ihis solution 1: 10
wilh reagent alcohol.

CHLORINE STANDARD. Chlorine standards containing 0-2
ppm expressed as chlorine (CI,) were prepared from either
stock sodium hypochlorile solution or chlorine water. whose
chlorine concenlration was established by Ihe thiosulfate
method.
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Figure 2. Rale of fading of color produced by the
s)'ringaldazine-chlorine reaction in O.025M phosphate
buffer

0-0 pH6
x-x pH 6.5
e-e pH 7

The diluent was chlorine-free distilled water previously
treated with chlorine and ultraviolet irradiation according
to Nicolson (I) to remove any preexisting chlorine demand.
The standards werc prepared just before use because of the
instability of the more dilute chlorine solutions.

Procedure. SPECTROPHOTOMETRIC STUDIES. The color re­
sponse of syringaldazinc with chlorine was studied spectro­
photomelrically in phosphate buffer at pH 3.5.6.7,8, and 9.
In each setup, 1 ml of phosphate buner was placed in each of
three small nasks. which had been repeatedly washed with
distilled water to remove any traCe of detergents or material
thaI might react with chlorine. To one was added 10 011
of chlorine water containing I ppm chlorine and 1 011 of
om %syringaldazine; to the second nask, 10 011 of chlorine
free waler and 1011 of syringaIdazinc; and to Ihe third. 10 011
of water. Approximately I minute was given for color de·
velopment, and the spectrum was run using the solution in the
third nask in the reference cell. At all pH levels, an intense
violet color was produced. Both color development and
stabilily were pH dependent. At pH 3. Ihe color dcvcloped
quickly and faded rapidly to an almosl colorless solution.
As the pH was increased from 3 to 6, both color development
and fading became slower. At pH 7, Ihc color developed
rapidly but fading remained slow. Al pH 8, Ihc color de­
veloped rapidly and fading also was rapid. Al pH 9, the
color was less intense and quickly faded to a bright ycllow
solution. The spectrum obtained at pH 7 is shown in Figure 1.

The violet color produced had an absorption maximum
at X = 530 nm. Changes in pH did not innuence Ihe position
of the absorption peak but did affecI its height. These
changes possibly were related to color development and fade
rate.

The rate of color development and fading was studied more
carefully over a pH range of 6-7 where Ihe best color response
occurred. Syringaldazine. 0.005 %. was prepared by placing
2.5 011 of 0.1 % alcohol stock solution in a 50,011 volumetric
nask, with 25 011 of 0.05M phosphate buffer of Ihe desired
pH, and diluting to volume with reagent alcohol. One
milliliter was added 10 10 011 of water containing 0.5 ppm
chlorine. A reagent blank was used as the reference solution.
Each solution was read at X = 530 nm at 30- and 6O-second
and al I-minute intervals for a total of 10 minutes.

The results nrc shown in Figure 2. At pH 6, three minutes
were required for maximum color development. At pH 6.5,
60 seconds were required and 30 seconds at pH 7. The
rale of fading was about the same for all three test solutions.
Fading appeared to set in almost immediately and to proceed
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al a slow but constant rate. By buffering at pH 7, advantage
can be taken of the rapid color development and the slow fade
ratc.

Between pH 6 and 7, the syringaldazine reagent changed
from pale yellow to an intense yellow solution having an
absorption peak at 410 nm. This peak was completely
absent at pH 6. The color change could be reversed by lower­
ing the pH. This was taken to mean a change in the ioniza­
tion of syringaldazine had taken place. possibly involving the
protonation of the azine group in the molecule.

STOICHIOMETRY OF TIlE CHLORINE-SYRINGALDAZINE RE~

ACTION. Syringaldazine reagents were prcpared in phosphate
buffer from thc stock solution as described above. Concen­
Irations ranged from 2.75 X 10-1 to 27.5 X IO-'M. Each
solution was checked with chlorine (CI,) concentrations of
0.5 ppm (0.705 X IO-' M) and I ppm (1.41 X Io-'M). One
milliliter of the reagent was placed in a small Erlenmeyer
flask and 10 ml or chlorine water were added. After 1
minute, the absorbance was read in the spectrophotometer
at h = 530 nm against its appropriate reagent blank. These
results are presented in Figure 3 with thc mole ratio of syring­
aldazine to chlorine ploned against absorbance.

On each curve, the break occurred at a molar ratio of
approximately 1, indicating a definite stoichiometric relation·
ship in thc reaction betwccn chlorine and syringaldazine.
The intensity or the color resulting from the reaction was
quite strong. having a molar absorptivity (.) of approximately
65.000 wherc the reactants were present in equal molar
amounts.

DETERMINATION OF FREE CHLORINE IN WATER. A working
chromogenic reagent containing 0.008 % (22 X 10-') molar
syringaldazine was prepared as follows: Eight ml of 0.1 %
syringaldazine in reagent alcohol were placed in a IOG-ml
volumetric flask containing 15-20 ml of alcohol; 50 ml of
0.05M phosphate buffer (pH 7) were added. and the total
volume was brought to 100 ml with alcohol. A clear yellow
solution resulted. This reagent contained enough syringaIda­
zine in 1 mlto react with the chlorine in 10 ml of water con­
taining I ppm chlorine. The working solution was prepared
rresh each day to ensure maximum color development.

One rniI1iliter of the reagent was placed in a series of small
Erlenmeyer flasks to which was added 10 ml of water contain­
ing O. 0.1, 0.2, 0.4, 0.6, 0.8. and 1.0 ppm chlorine. One
minute was allowed for color development. Each solution
was read in a spectrophotometer at h = 530 nm using the
chlorine frcc sample as the blank. The resulting standard
curve is shown in Figure 4.
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Figure 4. Standard curve for the cblorine-syrlng.
aldazine reaction

1 ml syringoldazlne. 0.008% in O.025M phosphote _ ....
pH 7; 10 mI rbIorinc ..at.... A= 5JO om

Table I. Comparison of the Syringaldazine Method of
Estimating Chlorine in Water with the o-Tolidinc (OT) ODd the

o-Tolidine-Ar$CII\te (O-TA) Methods

Water
sample Chlorine content, ppm

No. o-T o-TA Syring.

1 1.12 0.98 1.01
2 0.45 0.395 0.40
3 0.97 0.72 0.87
4 0.94 0.78 0.87
5 1.02 0.98 1.06
6 1.12 0.91 0.95
7 0.99 0.9t
8 0.85 0.70 0.73

The method used in preparing the standard curve was
compared with the spectrophotometric procedures of the 0­

tolidine and o-toUdine-arsenile methods. The comparisons
were made on laboratory tap water. The o-tolidine and the
o-tolidine-arsenite methods were carried out at room tem­
perature according to "Standard Methods for the Examination
or Water and Wastewater" (5). The results are shown in
Table\.

The o-toUdine-arsenite method measures frcc or unbound
chlorine, while o-tolidine measures total chlorine (5). The
differences between these values were Quite smaU, indicating
the amount or bound chlorine in the tap water was also small.
Most or the syringaldazine test values fell between the two
o-tolidine test values, thus showing good agreement with the
o-toUdine test.

In order to determine whether the syringaldllZine test
was measuring total or frcc chlorine, samples of distilled waler
were prepared containing I ppm chlorine and varying amounts
of ammonium sulfate added to bind portions of the chlorine
as chloramines.

AU samples were analyzed for frcc chlorine by the syring­
aldazine, trtolidine-arsenitc. and amperometric titration
melhods. They were also analyzed for lotal chlorine by the

(5) "Standard Methods for the EJatmination or Water and Waste­
waler. 12th Ed.," Amer. Public Health Assoc.• Inc., 1790 Broad­
way. Ne.. York. N. Y. 10019. 1965, PP 9}-102.

ANALYTICAL CHEMISTRY, VOL. 43, NO.3, MARCH 1971 • 423



Table IV. Reproduclblllty of tbe Syringaldazine Test
Sample D-T D-TA

No. test test Syring. test

1 1.02 0.98 1.056 ± 0.011 (10)"
2 0.45 0.395 0.399 ± 0.013(11)
3 0.16 0.07 0,055 ± 0.011 (10)

Q Number of trials with syringatdazine test.

Table II. Estimation of Chlorine in !be Presence of Ammonia
by !be Syrlngaldazlne, o-Tolldine-Arsenite, o-Tolldine, and

Free and Total Amperomelrk Metbods (ppm)
NH. added Syring- O-TA, Ampero, O-T, Ampero,

as(NH.),SO. aldazine free free total total
0.00 100 1.00 1.00 1.00
0.05 0.70 0.91 0.63 1.03 0.97
0.10 0.41 0.73 0.35 1.00 0.95
0.20 0.15 0.66 0.11 1.00 0.99
0.50 0.00 0.15 0.01 0.94 1.00

samples encountered, the apparent quantity was small, 0.05
ppm or less.

The agent responsible for the trace reaction with syring­
aldazine was not identified. The addition of Fe(II), Mn(II),
Cu(II), Ca(II), and Mg(lI) up to 10 ppm produced no color
response. Fc(IIl) at I ppm gave nel,. color, but in 'a concen­
tration of 10 ppm an absorbance reading equivalent to 0.01
ppm chlorine was obtained. It is unlikely that Fe(lII) was
the causative agent, since the water sample contained less
than 3 ppm iron.

The reproducibility of the syringaldazine test was checked
in tap water samples containing I, 0.4, and 0.05 ppm free
chlorine. The results are given in Table IV.

At all three chlorine levels, the new mcthod showed a
high degree of reproducibility.

DISCUSSION

The reaction produces an intense color having a narrow
absorption maximum at 530 nm, with a small shouldcr at
approximately 495 nm. The position and shape of the ab­
sorption curve is not altered by change of pH (3 to 9) nor by
diluting the colored component.

The amount of color produced depends upon the concen­
tration of both syringaldazine and chlorine. By keeping the
concentration ofsyringaldazine low (lO-'M), and the chlorine
concentration I ppm or less, the amount of color produced
can be made chlorine dependent; although it docs deviate
slightly from Beer's law. The deviation is so slight that good
Quantitation can be made by using either a standard curve or
a chlorine standard.

Syringaldazine does not react with chloramines which
are found as common contaminants in swimming pool water.
The importance of this lies in the difference in the bactericidal
properties of free and bound chlorine. Free chlorine in
concentrations of 0.5-1 ppm has been shown to be an effective
bactericidal agent, whereas chloramines are rather ineffective
(6),

Situations can and do arise where adequate chlorination
is indicated by the o-tolidine procedures, but little or no
germicidal activity is present. The o-tolidine-arsenite pro­
cedure, in addition to being cumbersome, may indicate free
chlorine levels in excess of those actually present unless the
entire reaction is run at or near I 'C (5).

In cases where little or no bound chlorine exists, the 0­

tolidine and syringaldazine methods are in cIose agreement
(Table I); but as the amount of ehloramines increases, the
discrepancy between the two tests becomes greater (Table II).
In this particular case (Table II), o-tolidine is reacting with

The oxidation of syringaldazine by chlorine appears to be
on a mole to mole basis (Figure 3), possibly involving a shift
of two electrons similar to the oxidation of hydroquinone to
quinone. The reaction may be represented as follows:

Cll.-O H H O-CH,

H0-P-~=t\-N=tl.--Q-0II+ 1I0CI -

CII,-O O-CII,

CII'~*=~_N=N_Lc[=~t~jHi)+IICI
CII,-O O-CH"

(6) C. T. Butterfield, Pub. Health Rep., 63, 934-940 (1948).

Ampero,
total,
ppm

0.00
1.32
0.38
1.12
3.52
0.76
1.25

Ampero,
free,
ppm

0.00
1.12
0.26
0.24
2.50
0.04
0.96"

Sample
I(T)
2(T)
3 (Tl
4 (SPl
5 (SP)
6 (SP)
7 (SP)

G End point erratic.

Table III. Estimation of Cblorine in Tap (T) and Swimming
Pool (SP) Waters by lbe Syringaldazine and Amperometrie

Melbods
Syring-

aldazine,
ppm

0.00
1.12
0.30
0.20
2.48
0.03
1.14

o-tolidine and amperometric methods. The results arc
given in Table II.

The syringaldazine values agreed well with those obtained
with the amperometrie titration method for free chlorine.
Values by the o-tolidine-arsenite procedure were slightly
higher. This might be expected since these samples were
run at room temperature rather than at 1°C. In general,
the data indicate that the syringaldazine method is responding
to free chlorine and not to chloramines.

The syringaldazine method was compared with the ampero­
metric titr~tion method, free and total, using chlorinated
tap and swimming pool waters. These results are summarized
in Table III. Samples I through 3 represent three different
sources of tap water; samples 4 through 7 were swimming
pool water samples.

Results obtained with the syringaldazine method agreed
well with those for free chlorine by amperomelrie titration,
except for Sample 7.

The titration of this ~ple for the free chlorine gave an
atypical end point, which may account for the observed dis­
crepancy. This was not encountered in any of the other titra­
tions.

In several samples of tilp water from the same source,
a substance other than chlorine was found which gave a trace
reaction with syringaJdazine. The presence of such a com­
ponent was first suspected when the values obtained with
the syringaldazine method fell between those obtained with
the o-tolidine and the o-tolidine-arsenite methods. This
suspicion was substantiated in a sample of tap water rendered
free of chlorine by heat and ultraviolet irradiation. On
this sample, syrlngaldazine gave a reading of 0.05 ppm ex­
pressed as chlorine, and the o-tolidine test read 0.0. In all
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both free and bound chlorine and syrIngaldazine with only
the free, as indicated by the amperometric procedure.

In some waters, where a large percentage of the chlorine
exists in the bound form, it is quite possible more free chlorine
may be indicated by the o-tolidinc-arsenite test than is actually
present. The effect of bound chlorine upon the free chlorine
values can be minimized by chilling the water before adding
the o-tolidine and arsenite reagents (2). For reasoos of con·
vcnicncc. this restriction is mrely used in practice. Either
the test is run at room temperature or no attempt is made at
estimating the free chlorine content.

With the syringaldazine procedure, free chlorine can be
measured easily without interference from chloramines

(Tables nand IU). The necessity of using a blocking agent,
such as arsenite or controlled temperatures, is eliminated.

The reagent itself should be prepared fresh each day from a
stock alcohol solution of 0.1% syringaldazine. Buffered
solutions left standing at room temperature for 24 hours or
more showed a gradual decrease in color production. This
docs not represent a major problem, since the working reagent
can be prepared quickly from stock solutioos of syringaldazine
and phosphate buffer.

RECEIVED for review September 14, 1970. Accepted Decem·
ber 21, 1970.

Intrinsic End·Point Errors in Precipitation Titrations with Ion
Selective Electrodes

Peter W. Carr

Department a/Chemistry, UnioeTsity a/Georgia, Athens, Ga. 30601

In this equation (12), species X is the ion of interest (gen-

(7) J. W. Ross, Jr., "Solid State and uquid Membrane Ion Selective
Electrodes," in Ion Selective Electrodes, R. A. Durst, Ed.,
National Bureau of Standards, Special Publication 3t4 (1969).

(8) G. A. Rechnitz, Chem. Eng. Ne..s, 43 (25), 146 (1967).
(9) M. Whitfield and J. V. Leyendekke"" Anal. Chim. Acta, 45, 383

(1969).
(10) M. S. Frant, ANAL. CHEM., 40, 457 (1968).
(11) A. Shatkay, ibid., p 458.
(12) G. A. Rechnitz, "Analytical Studies on Ion Selective Mem­

brane Electrodes," in Ion Se1ective Electrodes, R. A. Durst,
Ed., National Bureau of Standards, Special Publication 314
(1969).

liquid junction potentials, and spurious interferences which
change the activity of the analyte. The cost of this iocre3sed
accuracy and precision is a decrease in the speed and con­
venience of measurement.

It is widely recognized that ion selective electrodes are nol
perfectly selective (7, 8) and that in actual practice the absolute
accuracy of direct potentiometric measurements with such
electrodes depends critically upon the presence of potential
determining foreign ioos. It is generally considered \bat
the presence of these interfering ions in a potentiometric
titration ultimately limits the magnitude of the "end point
break" and, concomitantly, the precision of measunmenL
The fact that such interferences can seriously influence the
position of the inflection point of a titration curve and thus
its analytical aceuracy has not yet been widely appreciated
(9). As will be shown, such errors often amount to several
per cent, well outside the range of the precision (±0.1-{).27.)
routinely obtainable by potentiometric titration.

Although there has been some discussion (lO, I J) as to
evaluation of the extent of electrode selectivity. there seems
to be fairly general agreement that if the liquid junction and
reference electrode potentials are coostant, then the potential
of a cell containing an ion selective electrode is well repre­
sented as follows:

Investigations on the effect of ionic Interferences In
potentiometric precipitation titratinns with ion selec­
tive eleetrodes are reported. When the lnlleetion point
of the titration curve is used tn locate the end point,
serious errors (>1%) can result which are often outside
the range of the ultimate analytical precision (0.1%)
achievable in such analyses. Results are presented in
terms of ~, a dimensionless variable related to the solu·
bility product and the initial analyte concentration, and
b, a parameter related to the concentration and selec·
tivity ratio of interfering ions. In general, errors result
from finite selectivity ratios and from the intrinsic
absence of symmetry In the titration curve. The
errors are negligible only In the limit of very sparingly
soluble materials or in the absence of any interfering
ions.

THE PAST SEVERAL YEARS have witnessed a renaissance of
potentiometry as an analytical tool (1-3). Most of this is
due to the development of both anion and cation selective
electrodes which measure the activity rather than the concen­
tration of the species of interest. For thermodynamic and
kinetic studies, activity is of principal importance (4). Ana·
lytical measurements, however, are mainly concerned with
determining the concentration of analyte. Concentration
can be measured from a calibration curve, a plot of cell
potential os. the decadic logarithm of concentration, from
the measured activity and knowledge of activity coefficients,
by precision null point potentiometry (5, 6), or by titration.
Titration to the inflection point of the potential-volume
curve will generally be more precise and accurate than any
of the above direct measurement techniques. This method
minimizes errors due to variations in activity coefficients,

(I) G. A. Rechnitz, ACCDUIIIS Chem. Res., 3, 69 (1970).
(2) "ton Selective Electrodes," R. A. Du"'t, Ed., National Bureau

of Standards, Special Publication 314 (1969).
(3) "Glass Electrodes for Hydrogen and Other Cations: Principles

and Practices," G. Eisenman, Ed., Marcel Dekker. New York,
N. Y., 1967.

(4) E. A. Guggenheim, J. Phys. Chem., 34, 1758 (1930).
(5) H. V. Malmsladland J. D. Wincfordner. A"al. Chim. Acta, 20,

283 (1959).
(6) R. A. Du"'t, ANAL. CHEM., 40, 931 (1968).

E = const + RT In (-y.,C., + B)
zsF

(I)
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erally that ion which the electrode has been designed to
measure); Zx, "'(x, and Cx are this ion's charge. activity
coefficient, and concentration. respectively. The term B
represents the cumulative interference due to all other ions
present in the test solution and may be written as:

B = KkyICl)"/'X (2)

and

(6)

(9)

(4)

(3)

(5)

(10)
l'(1 -J)

• + rf
a =

%error == lOO</> = 100(1 - f.,)

(-rxCx + B) d'-rxCx ~ [</-YxCxJ'
<If' df

The chemical reaction can be represented by an equation
for the concentration of either A or T in terms of the fraction
titrated, which resulls from considering the formal solubility
product, related mass balances, and dilution factors.

C.(+l - aCo"C./' - ",Kapil .. = 0 (7)

.C,{aC'. + ,CT)" - .K,,·II. = 0 (8)

where Co" is the initial concentration of analyte, COT is the
concentration of titrant. v is a stoichiometry coefficient defined
as the ratio. n/m, and a and K.p arc given below:

(13) L. Meilcsand J. A. Goldman, Allal. Chin!. ACla, 29,472(1963).
(14) Ibid., 30, 18 (1964).

When this conditlon is imposed on the relevant chemical
equilibrium, the resultant equations allow computation of
the fraclion titrated at the end point (f,,) from which the
titration error (</» defined implicitly below can be determined.

The presence of the term B in Equation 4 results in major
differences between the inflection point and the equivalence
point.

Consider a generalized precipitation reaction between two
species. A. the analyte, and T. the titrant.

d'E = RTd'!n(-rxCx + B) = 0

df' zxF dJ'

The fraction titrated, f, is generally defined as the ratio
0/0·. v being the volume of titrant added. and v· the volume
of titrant required to reach the equivalence point. Equation
3 is equivalent to:

The variable, K1, is generally termed a selectivity ratio which
would be zero for all species if the electrode wcre perfl'Ctly
selective for X. At present there arc no electrodes, including
glass electrodes for pH measurement, which arc perfectly
selective.

In order to compute the effect of a finite selectivity ratio
on the inflection point of titration curves, we have adapted
a mathematiea! procedure developed by Meites and Goldman
(/3, 14) for evaluating the effect of dilution on acid-base
and precipitation titration curves. The basic method is to
represent, in terms of the relevant derivatlves ofconcentration,
the inflection point condition, i.e., the point where the second
derivative of potential with respect to the added volume of
titrant or a related variable such as the fraction titrated
becomes zero. In the prescnt context:

OO,....M"'O'o-,....OO~1""­
NICO'o"'VlN"'N_O

~:Q="'N"":OOOO

u 0000000000

l'll'le:~~~:s
0000000

N;Z::g~N!;;~~:8

• ~oO-etN"":OOOO

o ~~~~:sc;8c:o
::t. 000000000

::q~~~~~~;::;~sa

::t. ~:Q="'N"":OOOOO

;:.. ~~~~N~
n "';"":0000
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'.00

2.40

Figure I. Computed tltratiOll curves-plot of -101110
(C. + b) os. lbe fractiOll titrated for the reactiOll

A + T~ATO)
Cunt a. fl - 10-', b - 0
Cune b. ~ - 0, b - 10-'
Cune c. ~ - 10-', b _ 10-'

2.00

"0(1

-; 1.2:0

'v'
0:

0_80

0.40

OW 040 0_60 0.80 100 120
fRACTION TITRATED

1.40 1.60

(13)

(12)

(11)

(14)

(15)

(16)

(17)

Two categories of measurement can be discemed-those
in which species A is sensed by the electrode, I.e., X - A
and those in which the titrant is sensed, X = T. The first
case will be described in detail. The second constitutes a
straightforward extension.

Cakulatloa of the ADalytical Error. If the inflection point
conditions as stated by Equation 4 with X = A are imposed on
the second derivative of Equation 14, the following expression
results:

(~)' (C.'(I - v') - C.[(v + I)·b - a'] +

abv(v + 1)1' = (v + IW. - va]'(C. + b) ~;

The derivatives present above are easily computed from the
definition of a. When Equations 14 and 17 are solved
simultaneously, one obtains for a given value of JI and r
algebraic equations for a in terms of the parameters band
/3. Since in general the equation for the end-point error,
t/>, is of third and higher order, the detailed results of this
calculation for the most common cases, i.e., JI =- 1, 1/" and
2 are presented in Table I.

In order to illustrate the effect of the term b on the titration
curve and on the position of the inflection point, the data
of Figures I and 2 were computed. Three cases are dis­
cussed-Mt, /3 = 10-' and b = 0; second, /3 - 10-' and
b = 0.01; and last, /3 = 0 with b = 0.01. As indicated by

Where r is the ratio (CO./COr). When dilution is negligible,
as in titrations with extremely concentrated reagents or
coulometric tilrations, r is zero.

From this stage, it is important to note that Equation 4
results only when certain restrictions are imposed. We
will assume that activity coefficients, junction potentials,
and the cumulative interference effect, B t are invariant as the
titration proceeds even though the volume of the system may
change. This is an unrealistic assumption since B must
vary as titrant is added. As will be shown later, this is not
a serious problem. The above restrictions allow the reformu­
lation of Equations I and 4 as:

E = const' + RT In (Cx + b)
zxF

(C + b) d'Cx ~ [dCx]'
x dj' dJ

where ex is the normalized variable Cx/CO. and:

b=_B_
"'(XcoA

Equations 7, 8, and 9 can also be put in dimensionless
form by dividing by (CO.y+1 resulting in:

C.'(C. - a) - /3 ~ 0

.,crevCr + a)' - /3 ~ 0
vK.plJ.

/3= (co.y+l

'0

Figure 2. Computed second derivative titration
curves-pint of -to' lOll,. (C. + b)/toj' os. the
fraction titrated for the reactiOll:

A+T~ATO)

Curve a. ~ - 10-', b - 0
Cune b. ~ - 10-', b _ 10-'

20

'0

~ I 0.J'N
N~Q, <i "10

-20

-'0
-40
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Table II. Analytical Error in Precipitation Tilrations wilb Ion Selective Electrodes Sensitive 10 Ibe Tltranl

0.1 3.16 X 10-' 10-' 3.16 X 10-' 10-' 0

f3 .. = 1/, v - 2 v = 1/, v ~ 2 II = lIt v ~ 2 1/ = lIs 11= 2 JI = 1/1 JI = 2 v ~ 1/, v _ 2

10-' -28.85 17.41 -26.77 35.09 -26.02 46.23 -25.77 51.85 -25.69 54.10 -25.65 55.26 •
10-' -7.78 0.79 -6.48 11.17 -5.87 18.34 -5.64 22.57 -5.56 24.54 -5.53 25.65
10-' -2.36 -3.83 -1.81 2.15 -1.47 6.45 -1.30 9.31 -1.23 10.87 -1.19 11.90
10-' -0.74 -4.21 -0.56 -0.75 -0.43 1.74 -0.34 3.51 -0.29 4.62 -0.26 5.53
10-' -0.23 -3.39 -0.17 -1.36 -0.13 0.08 -0.10 I.t2 -0.08 1.83 -0.06 2.57
10-' -0.07 -2.44 -0.06 -1.22 -0.04 -0.38 -0.03 0.22 -0.02 0.65 -0.01 1.19
to-' -1.66 -0.92 -0.42 -0.08 0.17 0.55
10-< -1.09 -0.64 -0.34 -0.14 0.01 0.25
10-' -0.71 -0.43 -0.24 -0.12 -0.04 0.13
10- 10 -0.46 -0.28 -0.17 -0.09 -0.04 0.10
10-11 -0.29 -0.18 -0.11 -0.06 -0.04 0.10
10-" -0.18 -0.16 -0.07 -0.04 -0.03 0.09

(18)

(19)

o,o,~-------"-~-_

(15) J. N. Butler. "Ionic Equilibrium, A Mathematical Approach,"
Addison-Wesley, Reading, 1964.

(21)

_.~

1 0.4343
~ = -2 b -+ vi

0'0

0'0

! 030~

0'0

The per cent uncl'rtainty in locating the cquivah:ncc point
is given approximately by Equalions 20 and 21 as follows:

.---_. '----------­
L_~~,.:co-~----;.~o-~---.o~='-~,,,o-~--

-lOG10 {3

Figure 3. Plot of the maximum ,'aluc of b vs, (oglo fJ which will
permit a titration of the indicated precision in accord with
Equation 22

Cun'c u. l'Jrccision = 1.30%
Cune b. Precision = 1.15%
Cune c. Precision = 0.13%

%!J.j = 100 !J.pX ~ 460.6!J.pX·(b + v~) (22)
~

This equation realistically predicts that as Pand b become
larger. the precision decreases. A reasonable estimate
of the uncerlainty in pX is ±0.01. At 25°C, this corresponds
to an crror of ±0.6 mV(zx = I) in the end·point potential.
Equation 21 was used to compute the maximum value of b
such that the titration can be performed with a precision of
2.30, 1.30, or 0.23 %al a given value of p. Figure 3 illuslrates

In order to asscss whether these errors arc outside the
range of normal precisions, one can calculate the end-point
precision from the "sharpness" indcx, '11, which has been
described extensively by Butler (/5).

~ ~ elP.!!.1 ~ 0.4343 :xF (~I (20)
elf 1-1 RT elf I-I

For the case where v = I and dilution is negligible, '11 is given
by

curve b of Figure I, the potential changes very rapidly when
p = 0 as long as f < 1.00; at the equivalence point, all of
species A is consumed by the titrant and the potential of the
electrode is determined solely by the term 8 (sec Equation I).
The condition of total insolubility and invariancc of B
forces a discontinuity on the titration curve. cnusing a point
of inflection to occur at the equivalence point and obviating
any determinale errors. When b = 0 but P is finite (St.'"
curve a, Figure 1), the potential continues to risc after the
equivalence point since there are no interfering ions deter·
mining the electrode potential. In this casco of course, the
titration curve in the absence of dilution is symmetrical
about the equivalence point (sec Figure 2, curve h) and there
is no end·point error. When both P and b are finite, an
end-point error occurs. This is illustrated most clearly
in Figure 2, curve b. The data presented here wen.: obtained
by computing the titration curve in fraction-titratl'd incre­
ments of 0.005 units. The second derivative was obtained
using a central difference approximation, In this case
interpolalion indicales an end·point error of 1.65 %. If
the compulation is repealed with !J.j = 0.001 unit, an error
of 1,38 % is obtained, which is in excellent agreement with
the u priori approach discussed later.

If the term b is set equal to zero in Equation 17, the equa­
tions of Mcites and Goldma'n resule. More importantly,
if dilution is neglected by sctting r = 0 in all equations,
then the second derivative of ex with respect to/vanishes and
Equation 17 simplifies to:

<P ~ (v' - I)'CA' + v(v + l)bCA
. V'CA + v(v + I)b

The data presented in Table I were computed by solving
Equations 14 and 18, simultaneously. The resulting equation
was solved numerically using Horner's scheme and the New­
ton-Raphson technique for polynomials.

Table II presents the results for thc analogous situation
in which the titrant.specics is sensed ·by Ihe electrode. The
general inflection point condilion when X'= T and r = 0,
can be written as:

<P ~ v(v + l)Cr [(v.,.. I)C r - bJ
Cr + b(v + I)

It is important to note that Equalions 18 and 19 hold
only at the inflection point. This condition superimposed
on Equation 15 was used to generate the data of Table II.
The results for II = 1 are not presented since the errors in
this case are identical in magnitude but of opposile sign
to the case where X ~ A and v = I.
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o
16.12
1.60
0.16
0.02

3.16 X Ilr'
16.17
1.66
0.22
0.07
O.OS
0.04
0.02

Table m. Ell'eet DC DUutloo 00 the Analytical EmIr

~ 0.10 3.16 X 10-1 Ilr
'

3.16 X Ilr' Ilr'
Ilr ' 28.29' 2O.S8 17.64 16.61 16.28
Ilr' 8.92 S.12 3.06 2.12 1.77
Ilr' 4.11 2.39 1.29 0.64 0.34
Ilr' 1.97 1.22 0.72 0.38 0.17
Ilr' 0.94 0.60 0.38 0.22 0.12
Ilr' 0.44 0.29 0.19 0.12 0.07
Ilr' 0.21 0.14 0.10 0.06 0.04
Ilr' 0.10 0.06 0.04 0.03 0.02
Ilr lO 0.04 0.03 0.02 0.01

• All data was computed assuming that the electrode is sensitive to the analyte. that JI = 1 and that r = 1.
.. Y~lues below or to the right of the double line may be obtained by summing the error due to dilution and the error due to imperfect se­

lectivity.

Under these circumstances v = 2, m = I, and fJ is defined
below.

Now interchange the titrant and reagent species, keep all
else constant, i.e., use the same electrode, electrolyte, initial
concentration, etc. The reaction becomes:

monotonically as fJ decreases, the error being zero when the
solubility is vanishingly small. Similarly at a given value of fJ,
the error decreases monotonically to zero as b approaches :zero.

Whenever II ¢ ., the error in the absence of any interfering
materials is not zero but depends strongly on the parameter
fJ. One can show from the work of Meites and Goldman
(/4) that the error in the absence of dilution wiD be given by

Equation 23 indicates that the symmetry error wiU be
positive when v > 1 and negative when v < J. It should be
obvious that when v is other than unity, the magnitude oC
the symmetry error generally requires that the precipitate
be rather insoluble (small K..) or that the titration be carried
out at high concentration Oarge COA), since either circum­
stance tends to decrease fJ and, therefore, the symmetry error.

The selectivity error is positive when species A is measured
and negative when T is measured. As witnessed by the data
of Tables I and II, only under those circumstances where
the two errors, i.e., selectivity and symmetry, reinforce one
another will the overaU error be a monotonicaUy decreasing
function of fJ. This occurs when X ~ A and v > 1 or when
X = T and v < J. Under these circumstances the sign oC
the error is invariant and the error decreases uniformly
toward zero as fJ approaches :zero. Under the alternate set
of circumstances, I.e., X = Tand v > lor X = A and v < I,
the error does not decrease monotonically as fJ decreases
and the sign of the error is not invariant, although in the
limit as fJ approaches :zero, the error goes to zero. This
results because the two errors are of opposite sign and eitlier
one or the other will predominate for a given value of fJ and b.

It is quite interesting to note that in those cases where
the sign of q, oscillates, the error becomes negligibly sn1a1l
at larger values of fJ than in those cases where the sign is in­
variant. This, somewhat surprisingly, suggests that the order
of reagent addition may improve the accuracy of the titration.
For example, consider the following titration process:

(26)

(25)

(24)

(23)

A + 2T=; AT,

2A + T=; A,T

Il, = 2K••/CO A'

(
fJ)" .....q, = (v' - I) -
vi.

these results. A cursory examination of the data of Tables
I and II and Figure 3 indicates that the errors caused by
finite values of fJ are outside the precision of measurement.
Equation 22 demonstrates that the interference ratio has a
very deleterious effect on the precision of analysis, e.g.,
when fJ = 10-' and b = 0, a precision of 0.0057. would
result, i.e., if volumetric errors are negligible; however,
when fJ = 10-' and b = OJ, the precision can not be beuer
than about 0.57..

Ell'eet of Dllutloo on. the Titration Curve. In any practical
titration, with the exception of coulometric titrations, the
volume of the system will change perceptively because of
the addition of titrant. This increasc can be minimized
by using a titrant concentration, CO T. which is much larger
than the analyte concentration, COA' This must be rccom·
mended in titrations with ion selective electrodes, particularly
under circumstances where the interference ratio is finite.
This is mandated by the fact that dilution effects always
act to decrease the magnitude of the potential break, I.e.,
decrease 7], and second often increase the discrepancy between
the inflection point and equivalence point, at least when
v ~ J. The data presented in Table III were computed from
Equation 17, using v = r = J. It should be emphasized
that this treatment is not exact, since we assumed earlier
in the derivation of Equation 17 that the term b was inde­
pendent of the fraction titrated. This is not precisely true,
since as the volume changes, the concentration of species
contributing to b will vary; however, the approach does
allow an approximate computation of the effect of dilution
on the analytical accuracy.

RESULTS AND DISCUSSION
A comparison of the data of Tables I and II and Figure 3

indicates that the errors caused by finite selectivity ratios
are well outside the range of the computed end-point uncer­
tainty. The magnitude of these errors is not surprising.
Even though the selectivity term may be small with respect
to COA, in the vicinity of the equivalence point b may be
larger than CA and, therefore, be the predominant term in
Equation II which defines the inflection point.
- In order to discuss the data of Tables I and II, we will
refer to a symmetry error,l.e., the end-point error, when b =
oand a selectivity error, I.e., the difference between the sym­
metry error and the computed error, when b is finite. The
two principal variables which must be considered are v
and whether the electrode is sensitive to species A or T.

When v = 1 the system is quite simple. There is no sym­
metry error and the selectivity errors are equal in magnitude
but opposite in sign; the inftection point precedes the equiv­
alence point when X - A and Collows the equivalence point
when X - T. At a given value of b, the error decreases
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(27)

with v - 1/2,m - 2,andp is redefined as:
l/IK.plll

13, = (COA)'"

This may be summarized as:

(CO A)'"
13, = 4K.. '" ·13, (28)

With reference to Tables I and II, it is clear that whenever
13, < 13" the analytical error must be decreased by an inter­
change of the analyte and titrant species. This situation
will result whenever:

(CO A)' ~ 16K" (29)

If p. > P, the error mayor may not decrease dcpcnding
upon the specified values of b, 13" and 13,. Of course, when
Equation 29 is realized, 13, and p. would be so large that
the titration is impractical. Indeed as has been pointed
out (14), an inflection point may not occur when CoA is
extremely low.

It should be noted that the magnitude of the end-point
error depends strongly on the reaction stoichiometry and
upon the initial concentration of analyte, since both 13 and
b are as indicated by Equations 13 and 16 related to COA.

Generally, the error increases as the analyte becomes more
dilute, since this increases both 13 and b. The solubility
product, K." has been formulated rather unusually (see
Equation 3), and for the titration of a divalent cation with
a divalent anion has a value equal to the square root of the
more conventionally defined solubility product. All else
being equal, errors in such titrations will be much larger
than in a similar titration involving univalent species.

The magnitude of the errors computed here is such as to
be a serious limitation in the use of ion selective electrodes
8S inflection point indicators in titrations involving only moder­
ately insoluble salts. Every allempt should be made to assess
the presence of ions whose selectivity coefficients are large
and to minimize their concentration or replace them with
ions which interfere less significantly. In general, it appears
that the addition of an electrolyte for masking interferences
nnd maintaining ionic strength and or junction potentials
must, i~ terms of these errQrs, be viewed with suspicion.

It is instructive to compare these data for precipitation
titrations to Whitfield and Leyendekker's (9) results on the
effect of ion selectivity ratios on the complexometric titration
of calcium and magnesium. They computed a number of
theoretical titration curves, i.e., plots of electrode potential
N. f. and examined the influence of finite interference
ratios on these curves. They found that the inflection
point coincided with the equivalence point whenever a
large end-point break (2-3 pX units) occurred. It is difficult
to contrast our work with theirs since the reactions studied
are fundamentally different and th~ range of equilibrium
constants investigated was quite narrow (10 10-10"). Second,
a comparison of Figures 1 and 2 of this work indicates
that conventional titration curves are not particularly sensitive
to this effect, although second derivative titration curves
are very sensitive. It may be that the cases studied by these
workers represent the limit of hirge equilibrium constants
where any deviations are negligibly small.

A number of alternative approaches to the problem of
finite interference ratios are possible. A first approach is
titration to a predetermined equivalence point potential.
In this case, one must minimize errors due to changes in
activity coefficients, junction potential, and spurious materials
which can alter the aetivity of the analyte. A second ap-
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proach is the method ofGran (16,17) plots, where the analyte
concentration is computed from the measured electrode
potential and plotted against the volume of titrant added.
A linear titration curve results, whose extrapolated branches
intersect to yield an end point free of these errors. As b
becomes larger, the preci,ion of such a technique would be
seriously impaired.

Table III presents a compilation of analylical errors for
v = 1 titration with r = I, i.e., equal titrant and initial
analytc concentrations. These data were computcd using
Equations 14 and 17 and approximately correcting for the
effect of dilution on the term b in Equation 17 by assuming
that the effective value of b around the inflection point was
exactly one half its initial value. The last column of Table
II, which is in agreement with the equation of Mcites and
Goldman (/3), indicates that even when the interference
ratio is zero, considerablc end-point errors will occur. This
results because the titration curve becomes quite asymmetrical
about the inflection point due to the distortions caused by
dilution. Those values of the titration error in Table II
which fall below or to the right of the double line can be
obtained by merely adding the dilution error (Table III,
b = 0) to the selectivity error (Table I, v ~ I). In al\ cases
the two values differ by no more than 0.3 %in their absolute
value. In the light of the data, one can assume that in the
limit of either a small b or fl, the two errors arc virtually
independent and are, therefore, additive. When both 13
and b arc largc, thc coupling of thc two cffccts is strongcr
and the computcd error is larger than the simple sum of the
two independent errors.

CONCLUSIONS

Titrations with ion selective electrodes arc not free of
errors related to the selectivity ratio. Finitc concentrations
of interfering ions can affect both the analytical accuracy
and precision when the titration end point is takcn as the
inflection point of the potential-volume curvc. In general,
the determinate crrors are often well outside the range of
the achievable precision whenever the precipitate has a
finite solubility. End-point errors arc largest when Ihe
reaction is not symmctrical (v ';II! 1). Such reactions require
extremely small solubility producls in order to avoid both
symmetry and selectivity errors.

Within the range of practical titrations, thc crror is negli­
gible as long as 13 ~ 10-' or b < 3 X 10-'. The magnitude
of the errors and the effect of b on the analytical precision
suggest that such titrations should be carried out with minimal
supporting electrolyte concentration and at thc greatest
possible concentrations of both analyte and titrant.

Work is in progress in these laboratories to assess the
effect of selcctivity errors on complex formation titrations
and to develop experimental alternatives to the method of
end-pointlocalion.
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Determination of the Formation Constants of Iron(lII) and
Vanadium(V) with 13-lsopropyltropolone Using the
Extraction Method

Oscar Menis,' B. E. McClellan,' and David S. Bright

Analytical Cllemistry DiDlsion, National Bureau ofStandards, Wasllingtan, D. C. 20234

Equilibrium constants of ferric and vanadyl Ions for
the formation of the chelate with ~·Isopropyltropolone

(HIPT) were determined by the extraction method.
The values for these constants were derived by graphic
and least squares computer calculations. The con­
stants for the vanadyl system are reported for the first
time. It is postulated that an adduct VO,IPT. HIPT is
formed and Its formation constant, log ~N = K, K', was
determined as 13.8 and 13.6 ± 0.8 by graphic and least
squares calculations, respectively. The partition con­
stant, Koc, was 2.45 and 2.6 ± 0.4, respectively. The
values for Fe(IPT), complex were for log ~-", 37.7 and
37.8 ± 0.1, respectively, while the log Kuc was 2 and 2.0
± 0.1, respectively. It was also possible to calculate
the overall stepwise constants, log ~, = 13.0 ± 0.2 and
log K,K, = 24.8 ± 0.1 by the least squares method. The
other experimental parameters which were studied
were the effect of solvent and Ionic strength.

THE OCCURRENCF. of adduct formation in numerous metal

chelate systems is now widely recognized and its subsequent
enhancement of the solvent extraction of various metal ions is
frequently ulilizL'd for their more effective separation. Freiser
has recently discussed these types of reactions (I). In com·
mon with many olher organic ligand syslems, Il·isopropyl·
tropolone (HIPT) forms adduct complexes. This ligand, as
has been pointed out by Dyrssen (2), has a considerably larger
distribution constant in chloroform/water than thenoyltri.
fluoroacetone (ITA) and does not undergo any hydration
equilibria such as encountered with ITA. Finally, unlike
ITA, HIPT docs not decompose rapidly in alkaline media.
Since it has become more readily available recently, it should
find greater use over the better known ITA system.

Dyrssen (3) has studied the extraclion characleristics of
large numbers of metals wilh HIPT and DUll et al. (4) have
reviewed some of the analytical applications of this reagent.
Of the elements reporled, Dyrssen (3) as well as DUll and
Singh (5), have also determinL-d the stability constant of
FeH-HIPT complex using spectrophotometric methods. No
data were reported on the equilibrium constants for the VOt+

chelate.
Menis and Iyer (6) have studied the extraction of YO,+ with

HIPT as a means of spectropholometric determination of
vanadium in steel samples. This led to our study to establish
the several equilibrium constants of adduct complex YO,·
IPT· HIPT and to derive new values for the Fe(IPT), complex

I To whom inquiries should be addressed.
J Present address, Department of Chemistry, Murray State

University, Murray, Ky. 42071.

(I) H. Freiser, Critical Reo. Anal. Chtm., 1,47 (1970).
(2) D. Dyrssen, Acla Chem. Seal/d., tS, 1614 (1961).
(3) D. Dyrssen, Trans. Roy. Inst. Tee/mo!., Stockholm, No. 188,

1962.
(41 Y. DUll, R. P. Singh, and M. Katyal, Talanta, 16, 1369 (1969).
(5) R. P. Singh and Y. DUll, II/dian J. Chem., 4,214 (1966).
(6) O. Menis and C. S. P. lyer, Nalional Bureau of SlBndards,

Washington, D. C., unpublished results, 1969.

from extraction data. These were calculated by both graphic
and least squares methods. The latter calculations with the
aid of fast computers can facilitate reporting these conslants
and also provide estimates of errors.

EXPERIMENTAL

Apparatus. All extractions were performed in 6O-ml
separatory funnels having polytelrafluoroethylene stopeocks
and stoppers. The samples were agitated on a mechanical
shaker. Radioactivity measurements were made with a
modular counting system connected to a 2-in. X 2-in. Nal
(TI) well·type scintillation detector. Measurements of pH
were made with an expanded scale pH meter. Spectral mea·
surcmcnts were made with either a half~metcr quartz prism
spectrophotometer or a recording double beam spectropho­
tometer provided with a quartz prism-grating arrangement.

Materials. A stock solution of IO-'M Fe't in IO-'M
HClO, was prepared by dissolving high purity iron wire in
perchloric acid and adding "Fe radiotracer solution. A
stock solution of IO-'M YO,+ in IO-'M HClO. was pre­
pared by dissolving ammonium vanadate in pcrchloric acid
and adding "V radiotracer. In tests to pH 3, with tracers, 00
effect on the VO,+stability was observed.

The Il·isopropyltropolone (HIPT) was obtained from C0­
lumbia Organic Chemicals Co., Columbia, S. C. It was
recrystallized from 96%ethanol and dried under vacuum prior
to use. Solutions of HIPT were prepared by weighing the
carefully purified and dried reagent. All other reageots were
of Reagent Grade quality.

Procedure. DISTRIBUTION STUDlfS. All extractions were
performed using equal volumes (10 ml) of aqueous and or­
ganic phases at 25 ± I 0c. Radioactive isotopes "V and
nFc were used to determine the distribution ratio. Distribu·
tion studies were performed on both VO'l+ and FcH at various
HIPT concentrations and at various acidities. The formation
constants. as well as overall extraction constants log K· and
the partition constant log KIN: were determined at ionic
strength, p. ~ I, from the distribution data by both the graphic
and least squarc'S methods. The effecl of several solvents was
also studied.

An examination was made of the effect of ionic strength 00
equilibrium extraction of Fe" with HIPT dissolved in CHCI,.
The [H+) was 0.1, [Fe") was I X JO-'M, and the shaking time
was 16 hours. The distribution ratio was independent of
[CIO,-j between 0.1 and4M. Most measurements were made
using an ionic strength of unity for the aqueous phase.

An equilibration time in excess of 16 hours was always used.
This was more than sufficient for equilibrium to be allained.
Fe(HIPT), extraction was complete in about 6 hours (7), and
VO,IPT· HIPT extracted within I hour.

In the experiment to determine the partition constant Kaa of
the reagent, 10 ml of O.OJM HIPT was equilibrated for 30
minutes with 10 ml of 1M HClO.. Following equilibration,
the absorbance of both phases was read at 34S nm and com·
pared with previously prepared calibration curvC'S to obtain
the concentration of HIPT in the two phases.

(7) B. E. McClellan and O. Menis, ANAL. Owd.. 43,436 (19711.
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Table 10. DeftnJtioas of Coostaolli

IRON

Distribution ratio
D "'" IMI. c: Total concentratio~~n organic phase

IMI Total concentration of M 10 aqueous phase

K. "'" KocfJJ X.J. or fJJ = K· KJnR ; or
KJOR ' KncKJ.

log~. = log K' + 3 log KD. - log K/>("-3Iog K.

Distribution of reagcnt
KD.

HlPT=HlPT.

Dissociation of acid
K.

HIPT:=;W+II'T""

Formation of chc.latc
K,

FeH + II'T"" :=; Fc(IPT)H
K.

Fc(IPT)H + wr :=; Fc(IPT),"

K,
Fc(IPT),O+ + IPT:=; Fe(IPT).

Distribution of chelate
KDC

Fc(IPT). = Fe(IPT)••

(Him
KD. - [HIPT)

K _ [H] [IPT)
• - [HIP11

(Fe IPT)
~, = K, = (Fe) [11'11

[Fe(lPn,]
~, = K,K, - iFc) [11'11'

[FlilPT).]
~. = K,K,K. - (FcTIlrfP

K _ [Fc(IPT).).
oc - IFc(II'T).]

sen (3) reported a value of log K D• of 3.37 for CHCIa from
0.1 M CIO.- solutions.

The average pK, value determined at ,. - I was 7.5 with a
standard error of the mean of ±0.2 based on four replicates
determined at two pH values. Dyrssen (3) reported at,. =
0.1. a pK, of 7.04. Our value compared well with that of
Hscu (8) when his values at various ionic strengths were ex­
trapolated to I' = 1. Hseu's extrapolated value was 7.4
(8). Based on Hseu's data, Dyrssen's lower value can be attri·
buted to the lower ionic strength.

Iron(lII) extracts in 1.0 X 10-' M HIPT in CHCI, over a
range from 10-' to 5M acid. In the higher acid region (I-5M),
however, the extraction occurs very slowly. Above pH 6,
hydrolysis of Felll becomes a factor and decreases the dis·
tribution ratio. Benzene and cyclohcxane arc also excellent
solvents for this extraction, both yielding. within the experi.
mental error, quantitative extraclion in acid (OJ-1M) solu·
tions.

Vanadyl extracted essentially quantitatively with 1.0 X
IO-'M HIPT in CHCI, over a range from 10-' to 6M acid.
Benzene is also a suitable solvent. However, in the extraction
with cyclohexane, an insoluble blue·violet chelate was observed.

Equilibrium Constants for lhe FeH -HIPT S)'stem. Graphic
Method. The distribution ratio, D, is defined as

Table lb. Definition of Constants

VANADIUM

RESULTS AND DISCUSSION

The value for log K D., the distribution constant for HIPT
in CHCI, for 1M HCIO, was found to be 2.45 ± 0.05. Dyrs·

Distribution ratio
D _ IMI. "'" Tota) con~ntration of M in organic phase

IMI- Total concentration of M in aqueous phase

X· "'" K'ocK'XI~
K'o"

(lb)

In the region of [JP~) where the metal is most important. D
can be closely approximated by

D = ~/."Jl..'[!"!!'
I

D = JF"I·
IFel

where IFel represents the total concentration of iron in the
particular phase and subscript n designates the organic phase.
Assuming that only mononuclear species arc prescnt and no
hydrolysis occurs and that the extracted complex is Fe(IPT).,
D is expressed as:

D = KDCIl,[lpn' (I a)
I + 1l,[Jpn + 11,/11'11' + 1l,[Jpn'

[11'1'"] = ~ [HIPn ~ ~ ~1P11, (I c)
!HI [H] KD •

D = [fc(JPn.). ---- -- --- (I)
[FeH ) + [Fe(JPT)H] + [Fe(lP1V] + [fe(IPT).)

(8) T. M. Hseu, J. Clti"ese Cit,",. Soc., (Toi",,/). 6, 38 (1959).

After substituting for alllhe species in terms of (JPT) and the
equilibrium constant defined in Table I and cancelling [Fe").
and omitting charges for simplification. then one obtains:

since [Fc(IPT),) and thus 11, [11'11' are negligible in the de·
nominator, where i = I, 2, 3. Also [HlPn.,""", = [HIPn.
as the reagent was supplied in sufficient excess to make this
true. Using the definitions of the conslants above

Substituting this equation into Ib we express D in terms of
[H I1'11,

D = K 11 ~ ~IPn.' = K' [HIPn.' (ld)
DC 'K'a. [H]'- [H'j'-

or log D ~ log K' + 310g [HIPn, when [H] = J where K' is
the overall extraction constant which includes all the con·

[HII'11.
- [HII'll

[HJlIP11
[HII'11

[Y(),(IPT)j
= IYO,)[Ipn

[Y(),(II'T)·HIPT)
- [,,6;(1I'T)J [HIPT)

[YO,(IPT)].
- [VO,(IPT)-Y--

Kmt

K,

K'

K.

Distribution of reagentK.,
HIPT= HIPT.

Dissociation of acid
K.

HIPT;= H' + 11'1'"
Formation of chelate

K,
yo,' + 11'1'";= YO,IPT

Formation of adductcd species
K'

YO.IPT + HIPT;= yo,lPT·
(HIPT)

Distribution of chelate
DC

yo,lPT == Vo,IPT.
Distribution of adductcd species

. K'JX;
Yo,IPT(HIPT) = yo,

IPT(HIPT).

The value ofthe pK, was determined speelrophotometrically
at,. = I. HIPT has two absorption maxima in the UV region
at 322 and 340 nm, while the 11'1'" exhibits maxima at 330 and
390 nm. Since the absorption of Ihe HIPT sPl-eics is negligible
at 390 nm, it is a simple matter to determine the relative con·
centrations of 11'1'" and HIPT at any pH. The absorbance of
the 11'1'" was measured at pH values of 7.02 and 7.56 and the
concentration ofll'1'" determined from a previously prepared
calibration curve of 11'1'" in 1M NaOH. The concentration
of HIPT was obtained by difference and the pK, value cal·
culated from K, = [H] [Jpn/[HIPn.
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(9) J. Rydberg. Acla Chern. Seal/d., IS, 1723 (1961).
(10) OMNITAB. uA Computer Program for Statistical and NUe

mcrieal Analysis," U. S. Dept. ofConune""" NBS Handbook 101,
r 112 (1966).

(II) J. Rydberg, Acta Chern. Seal/d., 4, t603 (1950).

.8.2

-2

log 0

.4 .6
log [H+]

Figure 2. Plot of log D os. log [H+) for Fe(UI)

Fe") = 1.0 X 10", [HlPT). = 1.0 X 10-'
Slope = 2.7
Log D iDter<ept = 1.0

I

D
_I I_+~_I_+~_I_+...!....

KDC P. [lPn' K DC P. [lPn' Koc P, uPn Koc
(2)

A computer program called OMNrrAa available at NBS pro­
vides a program for least squares curve fitting (10). OMNrrAa
was tested on the thorium-acetylacetone data of Rydberg (J I),
with agreement to I % of the coefficients and their standard
deviations (9). Similarly, for Equation 2, the function D
was fitted to the vectors: [Ipn'-, [lPnI-, [IP'I'J"l and 1.0
by the method orIeast squares giving values of the coefficients

tion of ionic strength from Ito 10. The intercept is log K· +
3 log [HIm ~1.0, thus log K· = 10, in agreement with an
extrapolation of the slope 3 portion of Figure I. These re­
sults together with the values obtained by the subsequently
described least squares method are summarized in Table 11.

Least Squares Metbod (lroo). When Equation la is
inverted, as in Equation 2, it becomes suitable for least squares
fitting by a method analogous to Rydberg's (9).

0

-I

.s -2

-3

-4

-3 0 -3

Figure 1. Plot of log D os. log [HIPTl.

[H+] - 1.0, [Fe'+l - 1.0 X 10-'," ~ 1
Stope ~ 3.0
Extrapolated intercept "'" 10

stants of Equation Id. A slope of 3, shown in Figure I
represents the number of ligands which combine with the
metal ion and thus supports our assumptions in Equations 1
through Id. The intercept of the curve, gives a log K· value
of 10, which agrees with Dyrssen's value (3). The horizontal
portion of the curve yields a valudor log KDC of2.0. Solving
Equation Id for p, (see Table la) and substituting in the D
values at [HIPT). = I gives a value for logp, of37.7. This is
somewhat higher than Dyrssen's of 31.63 at I' = 0.1 (3).
With the exception of [H+), activity equilibrium concentra­
tions were used in all the calculations. It is realized that the
activities are somewhat different from concentrations, how­
ever, 8 constant ionic strength of one was used throughout the
study.

Log D os. log [Hl is plotted in Figure 2. From Equation
Id, the slope should be 3.0; the actual value was 2.7. The
error probably is due to the scatter in the data and the varia-

13.8
13.6 ± 0.8'

Log/lN

37.7
37.8±0.1

2.45'
2.6 ± 0.4

4.2
3.8 ± 0.1

VQ,(IP1)· HIPT

Chelate

Fe(IPD.

Tobie II. Equilibrium Constants for Extraction of Fe' + aod YO.+ with H1PT

Method Log X· Log XI Log X,K. Log KDC

Graphic 10 2.0
Least 9.9 ± 0.4" 13.0 ± 0.2 24.77 ± 0.1 1.97 ± 0.1

squares
Graphic
Least

squares
• The uncertainties indicated are estimated standard errors.
~Iog K'DC.
cfJN - K1K'.
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Theoretical slope = I (5)D = XDCX, X. [HIPT].
K no

K' K'K K. [HIm'
D = [VO,(IPT)·HIPn. = DC 'K';;;. (6)

[VO,+) I

Theoretical slope = 2

REOION c. Highest range of [HIPn. The adducted com­
plex is extracted, and is also the predominant species in the
aqueous phase.

REGION b. Intermediate range of [HIPn: The adduct
complex is extracted, but the uncomplexed metal is still pre­
dominant in the aqueous phase.

[H) = I throughout the experiment, therefore

Equlllbriwn Constants for VOI+-H1PT System. Grapblc
Method. Figure 3 shows a plot of log D vs. log [HIPT],
for VO,+ complex.

The distribution ratio, D, omitting signs is defined as:

PuPT-]
Figure 4, Plot of log D -log [HIPTl. vs. p[IPT-) ror VO,+

[H') ~ 1.0, [VO,') ~ 1.0 X 10-',,, = 1
Slope ~ 1

The linear portions of Figure 3 may be associated with Equa­
tions 3 and 4 as follows:

REGION a. Lowest range of [HIPT]: The simple complex
is the extracted species. The uncomplexed metal predomi­
nates in the aqueous phase.

Solving Equation 3 for D in terms of [HIPn., using the de­
fined constants, and cancelling [VO,+) gives:

XDCX, X. [HIPn. + X'ncK'K, ~'- [HIPn.'
D = Kno K'no (4)

1+ K, K. [HIPn. + K'K,.!!a... [HIPn.'
KnR K2DR

D = ~I! = [VO,(IPn). + [VO,(IPT·HIPT)l.
IMI [VO,+l + [VO,(IPT») + [VO,(IPT)·HIPn

(3)

4
I I I I I

2.0 ·'f3- 00 -.. ,,..~

1.0 .:.
~o ~..

(b) ·0
... 2 - -
I

g- o
- 0 ..

"~. -·... .-
-1.0

°a
I I I I I
9 10 II '2 13

I I I P, I P, I
X DC ti.· X DC ji,' XDC ji,' XDC

The third coefficienl had a large enough relative standard
deviation indicating that the data could nol be used 10 resolve
PZ/P.. Omilting the third parameter, OMNrrAB was used
again to fit IID to [IPTJ..... [IPT]t- and 1.0. Thus only P., Ph
and XDC could be resolved, bUI not separately the step con­
stants X. and X,. The remaining coefficients did not change
appreciably, verifying that the third parameler was not signifi­
cant.

Weighting methods were used which were analogous to
those described by Rydberg (12, 13). Thus:

D = IFe I! =!!.
IFel I",

where 1 - number ofcounts.
The error in D was considered to be solely due to the tracer

counting error of I. and I",. Because the least squares fit
plogram minimizes the square of the difference between lID
obtained from the data and (IID)Mlod calculated from Equa­
tion 2, lID values are weighted inversely to the square of their
expected "spread" or standard deviation, i.e.

I
w= -­

(f21/D

o -1.0 -2.0
log (HIPT]o

Figure 3. Plot of log D .s.1og [HlPT). for VO,+

[H+) - 1.0. [VO,+) = 1.0 X 10-<,,, = 1
Realoa a slope = 1.0
Realoa b slope = :U5
1.01 D iDlm:qIl = 4.2

Using the propagation of error formulas, and knowing the
standard deviation of t!le organic and water phase fT. and fTu

from the number ofcounts in sample arid background, then:

D'w .. ---
~+!!..'
1.2 I.'

The weighting factors covered a range of about g orders of
magnitude. This arises from the fact that the values of lID
varied over a similarly large range.

(12) J. Rydberg and J. C. Sullivan, ACla Chem. Scand., 13. 2057
(1959).

(13) .J. Rydberg, Ibid., 14, 157 (1960).

414. ANALYTICAL CHEMISTRY, VOL. 43, NO.3, MARCH 1971



~ _ 0 [HIPT]. + b -~ + C + d [HIPT]. (8)
D D [HIPT],

(14) F. Chou, Q. Fernando, and H. Freiser, ANAL. CtIDl., 37, 361
(1965).

(15) F. Chou and H. Freiser, ibid., 40, 34 (1968).

However, this mixing of the dependent and independent
variable was found unsuitable for least squares fitting. In
part, this was due to the scatter in values for D, givinganificial
scalier in the first term of Equation 8.

If only the adducted speeies is assumed to be important in
the nrganic phase, then Equation 4 becomes, by first inverting,
then omitting the first term in the denominator, and rearrang­
ing:

I X'DH I XD• I I
D = j('vc-i,K'K. (HIPT).' + X'veX' [HIPT]" + X'DC (9)

Theoretical slope = 0

Thus the value for D expresses merely the partition constant of
the adduct between the two phases.

According to the distribution Equation 5 (region 0), of
Figurc 3, should show a slope of unity ifVO,IPT is formed and
VO,+ predominates in the aqucous phase. Thc graphical data
allow this interpretation. The region c, with a reduced slope,
has an intercept of 2.45, from which log X'DC can be estimated
assuming the adduct predominates in both phases. The
extrapolated intcrcept of region b, gives the value for log X* of
4.2. These equations describing this system are analogous to
those given by Chou, Fernando, and Freiser (14, /5) for the
Zn(I1}-8-quinolinol reaction in which the extracted species is
an adduct Zn(OX),· HOX.

As discussed in their work, a plot of log D - log [HIPT],
.s. log [In-) should rcach a constant maximum value at high
log [lpn values if VO, (lPT) predominates in the aqueous
phase. If the adduct species, va, (IPT)'xHIPT, predomi­
nates in the aqueous phase, this plot docs not give constant
values. Figure 4 shows that a constant value was not ob­
tained; therefore, an adducl species predominates in the
aqueous phase. The slope in Figure 3 (region b) is 2, indicat­
ing one chelated IPT and one adducted HIPT. Figure 4
shows a plot with a slope of unity and along with Figure 3
the extracted species is indicated to be VO,IPT ·(HIPT).

Least Squares Method, In Equation 3, the first term of
the numerator corrcsponds to thc extraction of the chelate
without the adduc!. Because of this extra term, the equation
is not linear using ordinary linear least squares. It can be
changed to the form

X' veX'XI X,.• [HA)'
D = _ X'". K* [HA)' (10)

1

II is evident as shown in Table II that Ihe standard deviation
associatc'd with the least squares value for X ve is larger than
the graphical data would indicate, i.e. the region c of Figure 3
of log D .s. HIPT at log [HIPT] = O. This sIems from the
mathematical relationship in a linear fit where scatler of points
anywhere on Ihe line will affect the standard deviation of the
intercepl. This was noted when points at lower [HIPT]
concentration, which normally in Ihe graphic method have no
relationship 10 the Xve value, were omitted and yielded dif­
ferent estimates of the standard deviation of the intercept.
However, as in thc case of the Fe(IPn. chelate, least squares
methods serve a very useful purpose of obtaining information
on the stepwise (K) constants and provide an estimate of the
precision oflhe data.

Correction

Determination of Unsaturation by Analytical
Hydrogenation and Null Point Pressuremetry

In this article by D. J. Curran and J. L. Driscoll (ANAL.
CHEM., 42,1414 (1970») reference is made, on page 1415,toan
instrument manufaclured by RGI, Vineland, N.J. The name
of this company has been changed to Roger Gilmont Instru­
ments, Inc., and is now localed at 161 Great Neck Rd., Greal
Neck, N.Y. 11021.

RECEIVED for review June 5, 1970. Accepted November 23,
1970.

wbicb is now suitable for least squares fittiJl&. The four lowest
points of the grapb of log D D'. log [HIPT]. were orniUed
(Figure 3), as Ibey have a slope of I and thus were in the rqioIl
of very low [HIPn wbere the cbelale withoutlbe adduct was
in fact the extracted species. The remaining points fiUed 10

__1_. _1_. 1.0, gave numerical values for the respee­
[HIPT]' [HIPT]

live coefficients K'DH • Xv•. _1_. The second
X' /)CK1K'K. X' ocK' X'DC

coefficienl, however, bad a bigh standard deviation of 80%
and was analogous 10 Ihe tbird coefficient for lbe iron com­
plex.

The overall extraclion constanl, X*, can be evaluated by
allering Equalions 3 and 4. Firsl, for values of (HlPT] in the
the region where X* is calculated (Figure 3, region b, extrap­
olation 10 the intercepl), one can omit the first lerm of the
numerator because Vo, IPT is negligible compared to the
adduct species VO,IPT· HIPT. Second, the Iwo lerms in the
denominalor can be omined because [Vo,+) is the predomi­
nanl species in the aqueous phase. We then have the follow­
ing:

(7)[HIPll.' X'
[HIPT],' - DC

X' X'X~
DC 1 K'D.

KIKl~
KIDR

[V0,(lPT). HIPT].
D - [VO,(IPT).HIPT] -
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NDTES

Kinetics and Mechanism of Extraction of Iron(lII) with
{3-Isopropyltropolone

B. E. McClellan' and Oscar Menis'

Analytical Chemistry Dieision, Na/ional Bureau afStandards, Washington, D. C. 20234

HONAKER AND FREISER (I) and McClellan and Freiser (2)
pointed oul that, in favorable cases, solvent extraction can be
used 10 study the rates of quite rapid chelation reactions.
Many workers (3-5) have studied Ihe extraction characteristics
of metal ions with (j-isopropyltropolone (HIPT). Dyrssen
(3) indicated that the extraction of Fc(III) with HIPT occurs
very slowly from acid solution, and postulated that some step
in the formation of the extractable complex, Fc·(lPT)., is slow.
The purpose or this study was to apply the extraction tech­
nique for studying Ihe kinetics or reaction to the Fc'(III)­
HIPT syslem. It was hoped thaI an analysis or the kinetic
data would lead to the elucidation or the mechanism and rate­
determining step in the extraction process. Iyee and Menis
(6) found VO,+ extraction 10 reach equilibrium relatively
rapidly (less than I hour from 0.01 M HIPT) compared to the
slow (I to 4 days) equilibrium for Fe" reported by Dyrssen.
Both or these melal ions extract quantitatively from slrong
acid solutions (1M). Hopefully, a detailed study of the
kinetics ofeXlraction of the system would lead to a method for
the separation of Fe(III) and YO,+ based on the large dif­
ference in the extraction rates.

EXPERIMENTAL

Apparatus. All extractions were perrormed in 6O-ml
scpnratory funnels having polyletranuoroethylenc stopcocks
and stoppers. The samples were agitated on a mechanical
shaker. Radioactivity measurements were made with a
modular counting system connected to a 2-in. X 2-in. Nal
(TI) well-type scintillation detector. Measurement or pH was
done wilh an expanded scale pH meter.

Reagents. The radioactive isotopes uFe and "V were ob­
tained from Inlernational Chemical and Nuclear Company.
The ~-isopropy1tropolone(HIPT) was obtained from Colum­
bia Organic Chemicals Co., Columbia, S. C. It was re­
crystallized from 95%ethanol and dried uader vacuum prior
10 use. Triple distilled water was used throughout the study.
All other reagenls were or Reagent Grade quality.

Procedure. All extractions were performed using equal
volumes (10 ml) of aqueous and organic phases at room tem-

J Present address. Department of Chemistry, Murray State Uni.
versily. Murray. Ky. 42071. .

1 To whom inquiries should be addressed.

(I) C. B. Honaker and Henry Freiser, J. Phys. Chem.,· 6(" 127
(1962)_

(2) B. E. McClellan and Henry Freiser, ANAL. CHEM., 36, 2262
(1964).

(3) David Dyrssen, Trans. Roy. Inst. Technol.• Stockholm, No. 188,
1962.

(4) R. P. Singh and Vat DUll.I"dia"J. Chem., 4, 214(196(,).
(5) Kuan Pan and T. M. Hseu.J. Chi"",e Chem. Soc.. 2, 23 (1955).
(6) C. S. P. lyer aad Oscar Meni" National Bureau of Standard,.

Washington, D. c.. unpublished data, 1970.
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peralure (21 ± I 'C). In the experiments to determine the
reaction order in HIPT, the initial Fe(JII) was 1.0 X IO-'M,
Ihe [H+) was IM, and lhe ionic strenglh was unity. The iron
solutions contained enough activity as UFc to give an initial
count rate or at least 10,000 counts/minute for a 5,011 aliquot.
The iron stock solution was prepared by dissolving pure iron
metal in HCIO" and the [H+) was varied using HCIO.. The
ionic strength (~) was usually unity I but in experiments in
which p. was varied NaCIO. was used. The HIPT dissolved
in CHCf, varied rrom 3.0 X 10-' to 2.0 X IO-'M. The sam­
ples were agitated for time intervals ranging from 2 minutes
10 2 hours. Following agitation, the solutions were allowed
to stand until complete phase separation had occurred (about
5 miaules). The phases were then physically separated and
5-rnl aliquols were taken for gamma counting in disposable
counting vials. The log of the ratio of the initial aqueous
phase count ratc, C,·, to the aqueous phase count rate, C"q. at
time, /" (log C,/C.,) is equal to log [Felll],.o![Fe"'j,. This
was plotted l'S. tim!: and the slopes were measured.

A similar procedure was uSt:d to determine the effect of
[H+) on the reaclion rate. The Fe(lII) was again 1.0 X 10-'.
The [HIPn in CHCI, was held constant at 1.0X IO-'M. In
the [H+] range of 0.1 10 IM, the p. was constant at I, while in
the range of2 to 5M [H+], I' was 5.

The [H+l was I, the Fe(lII) was 1.0 X 10-', and the [HIPn
was 1.0 X 10-' in Ihe study oflheeffect or ionic strength on Ihe
extraction fate. The IJ was varied from I to 5 with NaCIO~t

and the shaking times varied from 2 to 20 minutes.

RESULTS AND DISCUSSION

The reaction order with respeelto metal ion was determined
from plots of log [Fe lIlL_oIlFelJt), DS. time. These plots
yielded straight lines, indicative or a first-order reaction with
rc'Spect to metal ion in all cases. An example or such a plot
is shown in Figure I. The deviation from zero intercept re­
flects the statistical error of counling of the ratio of aclivilies
in two phases. The change in Ihe values of the slopes of these
lines at various reagent concentrations was used to obtain
the reaction order wilh respect to reagent. The kinetic data
for the extraction of iron with HIPT are shown in Table I. As
shown in Figure 2, a slope of 1.1 was obtained indicating a
first-order reaction in HIPT. A similar sludy or the effect
of [H+) on the rate of reaction showed the rate to be inde­
pendent of [Ii+], at constant ionic strength, between 0.1 and
5M H+. Since the pK. for the reaction

K.
HIPT :;;:::± H+ + IPI'

is 7.5 atp. = I, at high H+ only the HIPT will exist. There­
fore, no dependence on H+ in the high acid range would be
expeeled. However, at lower [Ii+] one would expect a nega­
tive first-order dependence on [Ii+) as was observed for the
zinc-<lithizone system by McCellan and Freiscr (2). In sup-
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Figure 1. Plot of lOll [Fe'"],.../[Felll ], DI.
time

[HIPr) • 3.0 X 10-', [H+) • 1.0, [Felli] - 1.0
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SIDpe - 0.0020
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1.54
1.7S
2.01
I.4S
1.88

~, ~ 1.73
D - 0.23

KiDetle Data for Extractioa of Iroll
with /l-lsopropylttopolone

[H+] Slope'

1.0 0.0020
1.0 0.0038
1.0 0.0061
1.0 0.0063
1.0 0.0163

Table I.

[H(PT].

3.0 X 10-'
S.O X 10-'
7.0 X 10-'
1.0 X 10-'
2.0 X 10-'

Figure 3. Plot of log [FelllJ,.../Felll]. 01. time at \'8rious IooIc
strengths

[H+) = 1.0, [Felli) - 1.0 X 10-', [HIPI'). = 1.0 X 10-0
a. ~ ~ I, slope = 0.0058
b. ~ - 2, IIope = 0._
c. ~ - 3, IIope = O.OIOS
d. ~ - 4, IIope = D.OIU
e. ~ - 5, IIDpe - 0.0256
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Figure 2. Plot of lOll (slope) 01. lOll [HWfJ, for Fe(1I1)­
HlPT

[H+) • 1.0, [Felli) = 1.0 X 10-'
SIDpe ~ 1.1

port of this, one experimenl at a pH of 4 and [HIPn of S.O X
10-' showed very rapid extraction. The extraction was com­
plete in about 10 minutes. However one can also postulate
the existence under those conditions of a mixed hydroxy
FeOH(IPT), complex. Also, an experiment to determine the
effect of H+ on the distribution ratio showed much slower
extraction at higher [H+]. The extraction was essentially

complete in 30 minutes at pH - 2, whUe at least 6 hours were
required to attain equilibrium from 1M HCO, using 1.0 X
10-' HIPT in CHCI,.

It was observed that the reaction rate was effected by ionic
strength as changed by the addition of NaCIO,. Figure 3
shows plots of log IFc1lI1.oIlFe1lI1 DI. time at various ionic
strengths ranging from I to S. Figure 4 shows a plot of log
(slope) DI.log (NaCO,). A slope of 1.1 was obtained indicat­
ing a possible first-order dependence on NaCO,. Although
the rate was dependent on the NaCO., the equilibrium dis­
tribution ratio was found to be independent of the NaCO,
concentration in the range of 0.1 to 4M acidity. Since per­
chlorate forms ion pair complexes in iron chelate systems,
the observed rate effect may be due to this process. However,
this phase ofstudy was not pursued further.
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Na(C104)

Fiaure 4. Plot of log (slope) os. log [N.ao.)
IM+] = I, (Felli) - 1.0 X 10-', [HtPTJ. - 1.0 X 10"
Slope = 1.1

The steps involved in the reaction for the extraction of iron
with HIPT are as foUows:

HIPT~ HIPT(O) (I)

HIPT ..::.. H+ +. IPT- (2)

Fe" +. IPT-~ Fe(IPT)" (at low lH+]) (3a)

K,
Fe" +. HIPT ...... Fe(lPT)" +. H+ (at high lH+]) (3b)

Fe(IPT)t+ +. IPT-:;f!!r. Fe(IPT),+ (4)

Fe(lPT),+ +. IPT-:;f!!r. Fe(IPT). (5)

Fe(IPT).~ Fe(lPT). (0)

(9)

(8)

(7)

or

atFelll)
- ----;jf" = k[Felll)[lPT-)

Substitution from Equations I and 2 above yields the expres­
sion

RECEIVW for review June 5, 1970. Accepted November 9,
1970.

These reactions are analogous to those for the zinc-dithizone
system which was studied by Honaker and Freiser (l) and by
McClellan and Freiser (2). These workers reported the addi­
tion of the first ligand to be the rate-determining step in the
extraction of zinc with dithizone. Similarly, in the.iron-IPT
system, the reaction order in IPT was unity indicating that the
addition of the first ligand is the rate-determining step. The
rate expression is

(7) Oscar Menis, B. E. Mcaellan. and D. S. Bright, ANAL. CHEM.,
43,431 (1971).

d[FeIII) [FeIII)[HIPT].
- -;j/ - k' lH+)

atFeIII) K. [FeIIIllHIPT].
- -;j/ - k K•• X lH+l

Hence, dividing the value of k' by K./K•• yields the rate con­
stant, k, for the reaction. The value for K. at I' ~ I is
3.16 X 10-' and the value for Kn• is 2.83 X 10' at I' = 1 (7).
The value for k is then 1.5 X 10" M-I minute-I. This value
is somewhat higher than the k values reported for the metal­
dithizonates by McCleUan and Freiser (2).

The addilion of ethanol 10 the aqueous phase was found 10

greatly increase the rate of extraction for Fe(I/I). This may
rellect the change of Ko• in mixed solvenl media, whereas as
much as 2 to 6 hours may be required to reach equilibrium
in the case of the exlraction of Fe(I/I) from strongly acid
(I M) solulions with 0.01 M H1PT, equilibrium is reached in
30 minutes in the presence of ethanol under the same condi­
tions. On the other hand, although no detailed kinetic study
was made on the VO.+ system in the absence of ethanol, its
extraction was found to be complete in 5 minutes from a 1M
H+ with O.IM HIPT in CHCla. Therefore, the separation
of vo,+ from Fe(I/I) should be possible, based on the wide
difference in the extraction rates with HIPT dissolved in CHCla
and free from alcohol.

(6)
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Determination of Nitrogen and Hydrogen at Parts-per-Million
Levels in Milligram Steel Samples

G. L. Hargrove, R. C. Shepard, and Harry Farrar IV
Atomics [nltrnatlonal, A Diolslon of North American Rockwell Corporal/on, Canaga Park, Calif. 91304

RECENT EXPERIMEmS indicale Ihal nitrogen, Ihrough ils
rel.lively high (n,a) cross section, is a major conlribulor
of helium in stainless steel irradiated in fasl neutron spectra
(I). The helium in lurn severely limits Ihe ductility of
auslenitic stainless sleels al elevaled lemperalures (2, 3),
and in the presence of a high fasl neutron flux, helium aloms
can serve as nuclei for void formation. There is also evidence
Ihal hydrogen, which is formed in fasl neutron fluxes by
(n.p) reaclions with many elemenls, also contributes 10 void
formation (4). Because of the resulting dimensional insta·
bilities, void formation has become a critical problem in
Ihe developmenl of liquid-metal fasl·breeder reaclors (5).
High specific radioactivily of irradialed sleels makes it de·
sirable in Ihe study of Ihese effects, IhereCore, 10 measure
small amounts oC hydrogen, helium, and nitrogen in specimens
no larger Ihan 10 milligrams. A high sensilivily gas mass
speclrometer syslem (6) is being usc-d 10 measure helium

(I) W. N. McElroy, H. Farrar IV, and C. H. Knox, Trans. A""r.
Nuc/. Soc., 13, 314 (1970).

(2) D. Kramer.H. R. Brager,C.G. Rhodes,andA.G. Pard,J.Nuet.
Mar-r., 25, 121 (1968).

(3) D. R. Harries, J. Brit. Nurl. Energy Soc., 5, 74 (1966).
(4) D. Kramer, "Void Formation in Siainiess Steel by Proton

Irradiation," submitled for the 1970 AEC Report on Funda·
mental Nuclear Energy Research.

(5) C. Cawthorne and E. J. Fulton, Natu,., 216, 575 (1967).
(6) H. farrar IV and C. H. Knox. Trans. Amer. Nucl. Soc.• 11,

503 (1968).

concentralions down 10 Ilr' wt ppm. aod Ihe technique re­
ported here is designed to complement this capabililY by
measuring very low levels ofnilrogen aod hydrogen.

Inert gas fusion melhods have been used for years in the
determination of hydrogen, nitrogen, and oxygen in metals
(7). Holl and Goodspeed (8) adapled an inert gas fusion
method for Ihe delerminalion of oxygen developed by Smiley
(9) 10 Ihe analysis of hydrogen and nitrogen in milligram
size samples. However,lheir technique. which uses capillary
manomelers and a helium carrier gas, has detection limits
Cor a I·mg sample of ~200 WI ppm and ~10 WI ppm for
nilrogen and hydrogen, respectively, set primarily by the
operalional blank. These deteclion limits are an order of
magnitude 100 high for Ihe applicalion described above.

If care is given 10 the preliminary oUlgassingoflhe sampling
system involved, stable isotope dilution lechniques (10) and
spark source mass spectrometry (II) can yield Ihe required
sensilivilies. These laller melhods were considered, bul a
simpler sleady·stale approach seemed quicker and more
convenient. Therefore, the inert gas fusion methods men~

(7) W. E. DaUmann and V. A. FasseI, ANAL. CHEM., 39, 133R
(1967).

(8) B. D. Holl and H. T. Goodspeed, Ibid., 35, 1510 (1963).
(9) W. G. Smiley. ibid., 27, 109& (1955).
(10) C. R. Masson, Metallurg. Reo" 117, 147 (t967).
(\ 1) G. Vidal, P. Galmard, and P. Lanusse. ANAL. CHEM., 42, 98

(1970).
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Figure 1. Micro-inert
gas fusion system
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Figure 2. Fusion furnace detail

tioned earlier (8, 9) were optimized and coupled with a high
sensitivity gas chromatograph to yield a micro-inert gas
fusion technique with more than the required sensitivity.
Using this techniqu.e, an analysis for both hydrogen and
nitrogen can be completed in 90 minutes.

from the carrier gas and from system degassing do not con­
tribute to the operational blank as in the earlier trap-out
methods (8, 9), but instead they produce a steady-state de­
tector current on top of which the desired clements are de­
termined.

PRINCIPLE OF OPERATION

The manometers used earlier (8, 9) to measure the gases
evolved during the fusion of the Slimple are replaced by a
gas chrolDlltograph with a helium ionization detector which
has a limiting sensitiviiy for hydrogen and nitrogen of between
10-" and 10- 12 gram.

The operational blank has been eliminated by development
of a new fusion furnace design and mode of operation. The
fact that the nitrides and hydrides involved decompose quickly
during sample fusion allows the fusion furnace, at tempera­
ture, to be made an integral part of the chromatographic
system. With ultra pure helium as the carrier gas, the
standing current of the detector is sufficiently low to allow
measurement of very low levels of chromatographically
separated hydrogen and nitrogen. In this way, impurities

EXPERIMENTAL

Apparatus. The gas chromatograph, a Model 1532-2B
(Varian Aerograph, Walnut Creek, Calif.), was equipped with
a helium ionization detector (HID) whose output was fed to a
Sargent Model DSR Strip Chart Recorder (E. H. Sargent
Corp., Anaheim, Calif.) operated at 5 cm/min chart speed.
The chromatographic column consisted of a 2.0 meter long,
6.35-mm o.d. Type 316 stainless steel tube packed with 50/60
mesh molecular sieve 5A (perco Supplies, San Gabriel, Calif.).
The induction unit used with the fusion furnace was a LECO
Model 537, 4.5 kW, l-mHz generator (Laboratory Equip­
ment Corp., St. Joseph, Mich.) with a 6O-mm o.d. induction
coil made from 4.75-mm o.d. copper tubing. A schematic
diagram of the micro-inert gas fusion system is shown in
Figure 1. More details of the micro-fusion furnace, which
was constructed ofquartz, are shown in Figure 2. The furnace
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Mass, mg

5.02
7.21

11.10
5.40

Table I. HID Calibration Data

Detector Calibration Factor, Applicable
voltase Element gm/cm'(Attcnuation:Xl) range, grams

200 VDC Hydrogen US (±O.II)· X 10-' 10-' -10-'
Nitrogen l.35 (±0.06) X 10-' 10-' -10-'

375 VDC Hydrogen 6.71 (±0.47) XlO-il 100'LIo-'
Nitrogen 8.76 (±0.44) X 10-" 10-"-10-'

• Standard deviation, (J. of calibration factor determined at five
points in applicable cange.

Table m.

Sample

I
2
3
4

Mean
SId dev

Coocentratlon Data 011 Coasecutl..S~

Hydrogen Nitrogen
conco, concn,
wt ppm wt ppm

1. 2S 337
1.21 306
1.11 270
1.08 320
1.16 308

±0.08 ±28

and crucible designs represent compromises which provide
positive sample delivery to the crucible and minimum dilution
of the gases evolved during sample fusion.

The furnace must be periodically cleaned to remove resi·
dues which condense on the walls of the furnace. The build­
up of these residues over a period of time results in an in­
creased noise level. The furnace is cleaned by rapidly dipping
it in concentrated HF, rinsing in distilled water, and drying at
150 ·C for 4 hours.

Procedure. Samples to be analyzcd arc cut to a sizc (0.3­
10 mg) which will negotiate the quartz sample drop-tube (2
mm id) and arc degreased in analytical reagent grade carbon
tetrachloride. After drying in air for 20 minutes (in a place
appropriate for radioactive specimens, if necessary), they arc
weighed and stored in a screw-top glass vial.

Before an analysis, the gas fusion system is put in the purge
mode shown in Figure I. The chromatographic column is
activated for 30 minutes at 300 ·C with the 99.9999% pure
helium carrier gas (Dye Oxygen Co., Gardena, Calif.). Mean­
while the sample introduction port cover is removed and the
sample is placed with tweezers into the cup of the sample
holder which is positioned as shown in Figure 2. After the
port cover is replaced and held with two clips, the stopcock
in the port cover and the 3-way stopcock at the base of the
furnace are opened and the system is purged for 15 minutes
at a rate of ~lOoo ml/min. Following this, the port cover
stopcock is closed, the 3-way stopcock at the furnace base is
turned to allow helium to flow as far as the multi-port gas
sample valve (Varian Aerograph). After 5 minutes, the fusion
crucible is brought to temperature (1800 ·C measured by
optical pyrometer) by adjusting the induction coil current to
120 rnA. The chromatograph is cooled to ambient tempera­
ture (~IO minutes) and the multi-port gas sample valve is
switched to the run mode shown in Figure 1. The chromato­
graph is operated with inlet and outlet pressures of 16 psig
and 0 psig, respectively, and with a helium carrier·gas flow­
rate of 250 ml/minute.

When the HID base line stabilizes (5-7 minutes), the sample
holder is moved along the tube and rotated with the aid of
magnets, dropping the sample from the cup into the hot cruci·
ble (ATJ Graphite). All gases evolved during sample fusion
pass to the chromatograph and the hydrogen and nitrogen
peaks clute from the chromatographic column in 0.5 and 3.0
minutes, respectively. The peak areas of the HID response
are measured with the aid of a planimeter (Lietz, Inc., Los
Angeles, CaliL).

The system is calibrated by the use of an exponential dilu·
tion flask (J 2) (Varian Aerograph) and a calibrated sample

(12) J. E. Lovelock, ANAL. CHEM., 33, 162 (1961).

loop. C.P. grade calibration gases (Matheson Co., East
Rutherford, N. J.) are added to the exponential dilution flask
with either 0.25- or 5.O-ml "pressure 10k" syringes (Precision
Sampling Corp., Baton Rouge, La.) during which time the
calibrated sample loop is substituted at the multiport gas
sample valve in place of the fusion furnace. Because of the
nonlinearity of the HID, calibration factors must be obtained
at several detector voltages in order to cover a wide range of
hydrogen and nitrogen concentrations.

RESULTS

Calibration data obtained at two detector voltages are
shown in Table 1. The limiting sensitivities. which cor·
respond to twice the base-line noise level for a I·mg sample,
arc 0.02 WI ppm for hydrogen and 0.3 WI ppm for nitrogen. A
summary of II analyses performed on two NBS standards
is given in Table lI-

To test the elfect of the residue of earlier samples left in
the crucible, four specimens of 0.23-mm thick Type 316
stainless steel foil of unknown hydrogen and nitrogen con­
tent were analyzed by dropping them successively into the
crucible. The data shown in Table III indicate no significant
bias in the later results due to the presence ofearlier specimens
and also show the level of reproducibility that can be expected
from this technique. This limited amount of data suggests
therefore that the number of samples of steel that can be
analyzed without changing the crucible is limited only by
the capacity of the crucible, which in this case was about
30 mg.

Using this micro·inert gas fusion technique, the nitrogen
content was determined (13) at four positions along a Type
304 stainless steel safety rod guide thimble irradiated in the
Experimental Breeder Reactor-II (EBR-II) for four years
to a peak total neutron fluence of 8.8 X 10" n/cm'. The
results reveal a 35 % depletion of nitrogen at the lower axial
positions of the guide thimble with respect to the pre·irradia.
tion concentration, aDd show a steady increase in nitrogen
to pre-irradiation levels at the higher positions. The fact
that these concentrations followed a tempcrature gradient
along the thimble has important implications (J 3). If ni·
trogen moves about in a reactor core, its relatively high (n,a)
cross section for fast neutrons gives it the potential to create
the same sort of neutron capture and helium production

(13) N. D. Dudey, S. D. Harkness, and H. Farrar IV, Nllc/. Appl.,
9, 700 (1970).

Analyses of Hydrogen and Nltrogeo in NBS Standards

Specimen NBS Micro-inert·gas fusion results. Wi. ppm
mass value, Mean 1 (f std

range, mg wt ppm Values value deYStandard

352
10le

Table II.

Element
Hydrogen
Nitrogen

0.H).7
0.4-8.0

32
390

39, 32, 29, 29, 34, 28
356, 370, 388, 430, 476

32
404

4
SO
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problems in fast reactors tbat boron creates in thermal re­
actors•.

CONCLUSIONS

Micro-inert gas fusion chromatography has been shown
to be a very sensitive, accurate, and relatively precise tech­
nique for the determination of hydrogen and nitrogen in
small samples. The technique has been used in this lab­
oratory to determine hydrogen and nitrogen contents ranging
from t to 1000 WI ppm. At present the technique is limited
to samples where chemical decomposition is not required
for tbe release of nitrogen or hydrogen, and therefore cannot

be applied to the determination of nitrogen in, for example,
Ti, Ta, and W. Work is now in progress, however, to ex­
tend the technique to the determination of nitrogen in other
materials including those which form refractory nitrides.
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Novel Method of Determining Weak Bases in Small Amounts

Ello Scarano, Marco Masclnl,' and Giovanni Gay

Instllllte 0/ Anolytical Chemistry, Faculty a/Pharmacy, Uniotrsity a/Genoa, Italy

CRrrCHFIELD AND JOHNSON (/, 2) have found that concen­
trated (up to saturation or 8M) aqueous solutions of strong
acid-strong base salls (NaCI, NaI, LiCI, eaa,> can be
conveniently used as media for visual and potentiometric
titrations of bases with pKb as high as 11-12. This is due to
the enhanced potentiomelric break at the equivalence point.
The high protonation of weak bases is explained in terms of
low activity of water and high hydrogen ion activity.

Hisashi Kubota and Costanw (3) have carried out polen­
tiometric titrations of hydrolyzable cations in 10M Lia.
Rosenthal and Dwyer (4) have studied acid-base equilibria
in concentrated salt solutions. particularly 4 and 8M Lia.
These authors also agree in the enhancement of the hydrogen
ion activity in these media.

Moreover dilute hydrogen chloride and concentraled
lithium chloride solutions have high values of the hydrogen
chloride gaseous pressure. which are much higher than that
of hydrogen chloride aqueous solutions at the same hydrogen
chloride concentration (5). So an aqueous O.IM HCI solu­
tion can be boiled for I hour without appreciable loss of
hydrogen chloride if the evaporated water is continuously
replaced (6), while a solution ~5 X Io-'M of hydrogen
chloride in 13M LiCIIoses t %(or 50%) of hydrogen chloride
if a nitrogen volume 6 (or 420) times that of the solution is
forced to pW through it (S).

In this paper a simple and inexpensive method is described
for weak base (pKb up to 10) determinations in the IImole
range. 1lle method is based on the high hydrogen ion
activity and the high hydrogen chloride pressure of dilute
hydrogen chloride-conoentrated lithium chloride solutions.
A nitrogen Dow forced through the hydrogen chloride-lithium

I ~I address, lnstitulC of Analytical ChemistrY, University,
of Rome, Italy.

(I) F. Eo Critehlldcl lUld J. B. Johnson. ANAL. e.m.... 30, t247
(1958). .

(2) Ibid., 31, S70 (1959).
(3) H. Kubota and D. A. Costanzo. ibid., 36, 2454 (1%4).
(4) D. Roaenlha1 and J. S. Dwyer,lbId., 35,161 (1963).
(5) D. OlielCnberg and M. von Stacke1berg, B.,. Bunsen,.s. Phys.

C4tm., 7Z, S6S (1968).
(6) H. A. Laitinen, "OlemicaJ Analysis," McGraw-Hill, New

ycrt, N. Y., 1960, p 85.
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chloride solution strips the hydrogen chloride which is
collected and determined. Two hours of stripping arc
sufficient to collect practically all the hydrogen chloride.
The base is dissolved in a known amount of hydrogen chlo­
ride and introduced into the lithium chloride saturated solu­
tion. Only the excess of hydrogen chloride is stripped, thus
allowing the base determination.

EXPERIMENrAL

C. Erba reagent grade LiCI (with 0.03 %, as Li,co.. de­
clared alkalinity) was used as purchased or in the form puri­
fied by crystallization.

The acid-base substances [with pK. at 25 ·C (7)] were:
Merck (according to Sorensen) glycine (2.35); Merck rcagent
grade succinic acid (4.21); Merck reagent grade aniline
(4.60); Merck p-toluidine (5.09); Aldrich Chemical picolinic
acid (5.32); Merck sodium-5-5'-diethylbarbiturate, for buffer
(7.98).

The apparatus shown in Figure I consisted of two 15-ml
glass tubes, with ground glass sockets; a glass bridge with
caps for the tubes and holes for burels; two microburets
(I ml, O.m-ml division) with the closure on the tip (8).

Experiments were carried oul in a Ihermostatic bath at
25 ·C.

Saturated lithium chloride solution 13 grams (about 10 ml)
and 1.2 grams of lithium chloride were weighed in the A
tube; 2 ml of water and 0.1 ml of Io-AM methyl red solution
were poured into tube B. The tubes were tightly joined
together with the glass bridge. A buret filled with a standard
hydrogen chloride solution was inserled in tube A.. a buret
with om or 0.02M NaOH in tube B. A stream of nitrogen
(120 ± 5 ml/min) was then passed through the solutions into
the lubes. The hydrogen chloride solution was poured into
tube A. The stripped hydrogen chloride passed into tube B
where it was titrated at regular intervals of time with the
sodium hydroxide solution. Preliminary investigation proved
that hydrogen chloride did not escape from tube B.

RESULTS AND DISCUSSION

The inlluence of lithium chloride purity is shown in Figure
2. The presence of a base in the commercial product was

(7) V. E. Bower and R. G. Bates, "Handbook of Analytical
Chemistry," L Meites, Ed., lsi ed., McGraw-Hill, New York,
N. Y., 1963, pp 1-20.

(8) Eo Scarano and M. Forina. J. C"'m. £due., 47, 482 (1970).
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Figure J. Apparatus

(0) A lube (stripping 1%11); (b) B lube
(8IlAIyiils cell): (c) glass bridge; (d) boles
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Figure 2. 1nBuetx:e of lithium cbJoride purity

Saluraled solutions pnparecIwllb: (0) co_ciat product;
(b) monocrystallized IIlb1um chloride; (c) blaystallized
IIlb1um chloride: (d) trIaysta111zed Iilblum chloride; 10
_Ie bydrogea chloride added far eaell experillleot

confirmed. However. the declared alkalinity was higher than
that found. The amount of base found depended on the
stock of lithium chloride used. The recovery of hydrogen
chloride was not complete even after 4 hours with tricrystal­
lized lithium chloride. This should be due to the residual
a1kalinily and 10 Ihe very low hydrogen chloride stripping
rate allow values of hydrogen chloride concentration.

The hydrogen chloride volatilily was slrongly dependenl
on the lithium chloride concentration and diminished with it
(Figure 3).

The curve in Figure 4 shows the relation between lhe micro­
mole of hydrogen chloride recovered after a 2-hour stripping
and the added micromole of hydrogen chloride in \he lithium
chloride saturated solution. The curve becomes a straight
line betwocn 6 and 20 "mole of recovered hydrogen chloride.
with a slope of I ± 0.005. The intercept depended on \he
lithium chloride stock solution used and its basic impurilY.
Points above the straight line. at low hydrogen chloride
micromole values. can be explained in terms of competition
between Ihe two following equilibria:

2 3 4

CI- + H+ = HCl (g)

CO,t- + 2W - H,o + co, (g)

where g refers to the gaseous phase.

(I)

(2)
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Figure 5. Beharior oC weak acids

(Q) HO; (b) a1yciDe bydrocblorlde; (c) IIIC­

cIak add. Utlll_ cIIIoride saturated 101..
tlclIIS -.- with co-.:lal prodoxt.
10 -'"of acid Cor eachex~t

When the added hydrogen chloride was in strong excess.
CO.... was rapidly and completely eliminated as CO,. which
was not absorbed and detected in tube B. When instead the
hydrogen chloride quantity was inferior to the base present.
the Caster Reaction I prevailed and some hydrogen chloride
was stripped. However. these points can also be explained
with the presence oC a nonvolatile partially-protonated weak
base (pK. > 10) in the lithium chloride (see below).

The effects oC nonvolatile acids of different strengths when
added in tube A, as hydrogen chloride substitutes. are shown
in Figure 5. Medium strength acids were able to donate
protons to chloride ions, tlius allowing hydrogen chloride to
be stripped by the nitrogen stream. When an acid of lower
strength was used. the rate of hydrogen chloride stripping
decreased. The weaker acids. with pK. :> 4. such as aniline
hydrochloride. p-toluidine hydrochloride. picolinic acid,
5.5'odiethylba"rbituric acid and boric acid. did not give any
hydrogen chloride production.
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Table I. Detenalaatloa of Sodl......5,s·.Dletbylbarbllurat..

Recovered hydrogen chlorid•• "mol.
Blank sampl.

8.10 1.00.
8.00 1.00
8.00 6.90
1.95 1.05

Av 8.01 Av 6.99
Bas. given 1.0J "mol•.
Bas. found 1.02 "mol•.

• Blank solution: Io-'M HCI. Sample Solulion: IO-'M HO
and 1.01 X lo-aM C.H110,N,Na. Eight experiments were carried
out; four with the blank solution and four with the sample solu·
tion; I ml of solution was used for each experiment. Saturated
lithium chloride solution prepared with commercial product.

The above results permitted simple determination in the
micromole range of bases with pK b up to 10. Each base was
dissolved in a known amount of hydrogen chloride and the
excess of hydrogen chloride (6-20 "mole) was recovered. A
blank was carried out with the same amount of hydrogen
chloride under the same experimental conditions. The base
quantity was given by the difference between the two recovered
quantities of hydrogen chloride.

The base could be determined as accurately as the measure­
ments of the volumes of the hydrogen chloride and sodium
hydroxide standard solutions. For example. the results
relative to the minimum determined quantity of a base are
reported in Table I.

The very small required quantities of bases reduced prob­
lems caused by the low solubility of bases in the concentrated
lithium chloride solutions (4). An advantage was offered
by the solubility power of the hydrogen chloride solution.
The method appears unsuitable for volatile acids and bases.
However. it should be useful for base determinations in the
presence of colored materials. By improving the hydrogen
chloride stripping process and by using a more sensitive and
reliable method for stripped hydrogen chloride determination.
the amount of base to be analyzed may be reduced and pre­
cision may be increased.

Principles underlying this work have been developed for
studies of solvent systems (9).

RECEIVED for review August 18. 1970. Accepted October
26.1910.

(9) E. Scarano, G. Gay. and M. Farina, ANAL. CHE...... 43, 206 (1971).



Improved Method for Determination of Chlorinated Hydrocarbon
Pesticide Residues in Whole Blood

S. J. Henderson, J. G. DeBoer, and H. M. Stahr

Chtm;stry Laboratory, Vtltr;nary Diagnostic lAboratory, lo~'Q Statt Uni~rsi/J'1 Ama, /0)4'050010

THE AurnoRS' laboratory has frequent need for the analysis
of pesticides in whole blood.

Existing methods involving saponification (l), direct ex­
traction (2-$), and chemical reaction (4) have yielded un­
desirable results in our laboratory. Many are designed for the
analysis of serum. The most-used method (Dale .1 01.) is
neither reproducible nor accurate as Bonderman (6) has
shown. In addition, the original workers who developed the
method did so as a screening procedure.

Our purpose required a method which was both accurate
and precise to allow veterinary research to be done on chlo­
rinated pesticide transport and deposition, as well as 8 diag­
nostic tcst for toxicological specimens.

Curry (7) used sulfuric acid to clean up tobacco and smoke
with a partition into hexane to allow analysis of the sample
by gas-liquid chromatography (OLC). Kirk.1 01. (5) used
an ncetone-cthcr extraction. Sulfuric acid carryover in OUf

attempts with hexane-<>ther and the hazard of large seale
evaporations of ether necessary to concentrate samples for
analysis in the latter method motivated the chemistry labora­
tory staff to do the following work.

EXPERIMEi'ITAL

Reagents. Pesticide grade solvents were used throughout.
Sulfuric acid was Mallinckrodt analytical reagent grade.

Stock solutions of several pesticides were prepared by
weight from standards obtained from the Pesticides Research
Laboratory. Perrine, Fla. Mixed standards in acetone were
prepared such that if 100 III of standard was added to 2 ml
of freshly drawn heparinized blood, the levels would be 50
parts per billion of 'Y.BHC, heptachlor, and aldrin, respee·
tively, 250 ppb of D,p'·DDE and dieldrin, and 400 ppb of
D,p'.DDD and D,p'-DDT.

A second standard solution, prepared using the same
amount of standard per milliliter of blood, gave levels of pesti­
cides of75 ppb of'Y-BHC, 150 ppb of aldrin, 300 ppb of p,p'.
DOE and heptachlor epoxide, and 750 ppb of p,p'·DDT
and D,p'-DDT. Standard 11 was also used to spike bloods
at a lower level of 15 ppb of 'Y.BHC, 30 ppb of aldrin, 60
ppb of heptachlor epoxide and p,p'·DDE, and 150 ppb
ofp,p'-DDT and D,p'-DDT.

Analytical Procedure. A 2-ml aliquot of the spiked blood
was pipetted into a 30-ml glass-stoppered centrifuge tube.
A 1.5-ml aliquot of 60% sulfuric acid (w/w) was added to the
blood, and the solution was mixed briefly using a vortex mixer.
A second 1.5-mi aliquot of 60% H,sO. was added with

(I) J. G. Reynolds, Bal. Of. Sani/. Panamer., 527 (1957).
(2) A. Richardson, J. Robinson, B. Bush, and J. M. Davies,

Arch. Enviroll. H.allh,14, 703 (1967).
0) W. E. Dale, A. Curley, and C. Cueto Jr., Life Sci., 5, 47 (1966).
(4) V. W. Kadis and O. J. Jonasson, Can. J. Pub. Heal/h, 56, 433

(1965).
(5) P. L. Kirk, N. C. Jain, and C. R. Fontan, Proc. Call. Soc.

Forellsic Sci., 4, 155 (1965).
(6) D. P. Bonderman, U. Y. Choi, H. L. Hetzler, and L. R. Long,

J. Ass. Offic. Allal. Chem., 52, 1063 (1969).
(7) ZOrra, Curry. Philip Morris Research Center, Richmond. Va.,

private communication, 1970.

mixing; and finally 2 ml of 60% H,sO. was added (5 mI of
acid total), and the solution was again mixed. After cooling
for several minutes, 3 ml of acetone:hexane (I: 9) was added
to the sample and acid. The resulting solution was mixed
for 1 minute using the vortex mixer. After centrifuging at
2000 rpm to separate the layers, the upper solvent phase was
carefully removed using a disposable pipet and placed in a
IO-ml graduated concentrator tube (Kontes). The extraction
was repealed twice with 3 ml of the acetone: hexane solvent,
combining extracts. The combined extracts were evaporated
with a gentle stream of dry nitrogen to less than 5 mI, brought
to 5 ml with hexane and 20 mg of SilieAR CC-4 (Mallin·
ckrodt) was added to the pesticide extract. The tube was in·
verted several times to mix and centrifuged before analysis by
gas chromatography.

Toxicological samples are processed by the sarne procedure
and brought to a final concentration to obtain quantifiable
peaks by OLC analysis.

Instrumenbll. The gas chromatograph was a Micro Tel<
MT 220 with a tritium foil electron capture detector. The
column oven was operated isothermally at 200 ·C and the
detector at 205 ·C. The inlet port was held at 235 ·C, and
the injections were made off column.

Two columns (8) were used, each connected to the same
EC detector by a duo-transfer line (stainless steel). Work
was done on a 1.5% OV 17/1.95% QFI two-phase column
and cross<hecked on a 4% SE 30/6% QFltwo-phase column.
All phases were loaded on Chromasorb W, DMCS HP
100/120 and packed in 'I. in. o.d. X 60ft borosilicate glass
columns. Columns were conditioned at 235 ·C and silicated
(Silyl.8, Pierce Chemical Co.) at 200 ·C before operation.

High purity dry nitrogen (Linde) was passed over activated
molecular sieves before being used as the carrier gas. Carrier
gas flow rate was set at 80 cc/min for a chromatogram about
12 to 15 minutes in length.

RESULTS AND DISCUSSION

Recoveries in excess of 90 % were observed for all the pesti·
cides in the fortified samples with the exception for the lower
levels of 'Y.BHC and aldrin where the recovery levels were
about 88 % (Table I). The extraction was relatively rapid;
a series of 12 samples could be easily extracted in a two and
one-half hour period. No difference in efficiency was noted
for human, equine, bovine, or ovine blood. Heparin, EDTA
and sodium citrate were each used as anticoagul!lnts in the
course of this work, nnd no difference was noted in the re­
covery of pesticides.

Acetone was selected as the solvent for those pesticides used
for spiking the blood in these studies. Because of the mis­
cibility of acetone with blood, it was felt that more intimate
contnct betwcen the pesticides and the blood would be
achieved than if the more traditional solvents and methods
were used. The levels of pesticides were prepared to match
prepared OLC standards as well as the levels most commonly
observed in this laboratory. Further consideration was given
to the volume of acetone added to the blood to prevent pro-

(8) J. F. Thompsen, A. R. Walker, and R. F. Moseman, J. Ass.
Offic. Allal. Chenl., 52,1263-1277 (1969).
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Figure 1. Chromatogram of blood extracts

Table I. Recovery Results under Optimum Conditions

Level
added, Average, Recovered. SId dev,

Pesticide ppb ppb % %
'Y·BHC 15 13 88

SO 47 94 2.9
75 71 94 4.9

Aldrin 30 27 89
SO 48 95 2.6

ISO 131 90 5.2
Heptachlor SO 48 96 2.1
Dieldrin 250 226 90 3.1
D,p'-DDD 400 386 96 2.8
D,p'-DDE 250 239 96 2.9
D,p'-DDT ISO 137 91

400 383 96
750 744 91 6.8

p,p'-DDE 60 57 95
300 273 93 5.5

p,p'-DDT ISO 158 105
7SO 694 96 7.4

Heptachlor 60 56 94
epoxide 300 284 93 5.1

Table II. Effect of Silica Gel on Quantitatlon of
GLCPea....

Levd of silica Level of
gel, mg dieldrin, ppm

o 0.338
20 0.346
~ 0.3~

50 0.323

• Data taken from blood of live experimental animal.
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tein precipitation and dilution of the blood. A large quantity
of blood was spiked at one time to eliminate errors in measure­
ment from one sample to another.

The optimum conditions for the extractions procedure were
determined using different concentrations of acetone: hexane
and various concentrations of sulfuric acid. Arter comparing
2,5,9, and 10% acetone in hexane using three extractions of
3 or 5 ml each with recoveries ranging from 50% or less to
>95%. thrL"C 3-ml extractions with 10% acctone: hexane were
selected. This appeared to give better recoveries than any of
the other systems examined.

An acid concentration of 70% sulfuric acid was used in·
itiaUy (7). Although recoveries were good using 70% sui·
furic acid, several preliminary studies were completed to
determine the most effective concentration. An error in
diluting the acid during one experiment suggested that there
was severe breakdown of dieldrin due to contact with the acid
during extraction if the concentration of acid was greater than
75% fw/w). Lower concentralions ofacid were used to see if
yields could be improved. The optimum concentration of
acid, based on per cent recovery of pesticides, appeared to be
60 to 65 %. Below 60 % H,sO., a permanent emulsion
formed.

Chromatograms of the blood extracts indicated that some·
thing other than pesticides was being extracted. A broad
hump appeared in each chromatogram (Figure 1) and made
quantitation of the peaks eXlremely inaccurate. The com·
ponents of this material have not been determined. However,
it has been discovered that the addition of 20 mg of SilicAR
CC4 (MaWnckrodt) to the extracl after evaporation to volume
will completely eliminate the problem (fable II). Sorption
of the pesticides occurred when more silica gel was added.



• Data cited ore from the evaporation of solvent spiked with the
same amount of pesticides used in the blood.

Several other factors have been shown to be important
to the extraction. Decomposition of the pesticides. especially
dieldrin, occurred when they were allowed to be in contact
with the blood-acid mixture for an ex.cessive length of time.
Three to four hours did not appear to be critical, but if all
three extractions were not completed and the solution was
Icft overnight, recoveries were considerably lower.

Recovery data indicated that evaporation using a heating
block (Kontes) resulled in erratic loss of pesticides (Table JII).
Subsequently, all evaporation has been carried oul by blowing
a very gcntlc stream of clean, dry nitrogen over the surface
of the solvent at room temperature.

Effect of Method of Evaporation on
Recovery Efficiency.

Block, % Nt. %
recovery recovery

Table III.

Pesticide

-y-BHC
Heptachlor
Aldrin
o,p'-DDE
Dieldrin
o,p'-DDD
o,p'-DDT

70
72
70
70
70
73
78

99
100
99
97
95
93
97

Because of the easy availability to this laboratory of blood
from sheep containing dieldrin in oioo, a large pooled sample
of this blood was obtained. Repetitive analyses of this blood
were made. The level of dieldrin was shown to be 0,32 ppm
with a standard deviation of 3,0% with two operators
(lwelve samples were analyzed). Freezing the blood did
nol affect the rerovery of pesticides.

SUMMARY

A rapid and accurate method for the analysis of pesticides
in blood has been developed. Recoveries have been shown
to be >90% with a relative standard deviation of ±3%.
Twelve samples ean easily be extracted in two and one-half
hours. Comparison of this method with other methods in·
dicates this to be an improvement in accuracy, precision, and
time for analysis.
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Quantitative Cation Exchange Separation of
Zirconium and Hafnium in Formic Acid Media

Mohsin Qureshi and Khadim Husain

Chemisfry Department, AIiKarh Muslim Universif)', Aligur", India

Cone· Of Formic Acid (M)
Figure 1. Log Kd vs. concentration of formic acid
(dilute)

EXPERIMENTAL

Dowex 50 W-X8 (20-50 mesh) in hydrogen form was
used for distribution studies and column operations.
Cationic solutions of zirconium and hafnium of appropriate
concentration were prepared using zirconium oxychloride
"pro analysi" grade and hafnium oxide (99.5% supplied
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(1967).
(7) C. L. Luke, AI/al. Chim. Acta, 41, 453-8 (1968).

SEPARATION OF ZIRCONIUM from hafnium has become very im­
portant in recent years because of the increasing usc of zir­
conium metal as construclion material in nuclear reactors,
where even a slight impurity of hafnium plays a dominant role
in relarding the nuclear chain reaction to a considerable ex­
tenl. Many workers have reponed the separalion of these
two elemenls by ion-exchange chromalography using differenl
media-particularly hydronuoric acid, hydrochloric acid,
sulfuric acid and citric acid (/-7). However, no effort has
been made to separale Ihese elements by ion exchange in
formic acid media. The present communication briefly de·
scribes the adsorplion behavior of these two clements in di­
IUle as well as concentraled formic acid Solulions and quanli­
lative separalion of zirconium from hafnium in varying ralio.
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Figure 2. Log Kd .s. concentration of formic acid (concentrated)

by National Bureau of Standards, U.S.A.). Distribution
coefficients were determined in dilute as well as concentrated
formic acid solution by batch process and the estimation of
the caLions before and after L"quilibration was made chela·
metrically using xylenol orange as indicator afler dl'Stroying
formic acid. The resulls thus obtained arc plolted as log
Kd .S. concentration of formic acid (5<:e Figures I and 2).

For separation of zirconium from hafnium, n column of
0.28-cm internal diameter made of borosilicate glass wilh a
plug of glass wool to supporl 1.0·gram resin heads was used.
After thoroughly washing the column, the resin was washed
with 3.0M Hel and, subsequently, with demineralized water.

Washi"'g
1.0 M Formic acid willi water

~ .. ~

The column was then ",'Iurated with l.OM formic acid. The
mixture of zirconium and hafnium in 1.0M formic acid was
loaded on the column and an elution curce was plolted by
collecting several fractions of effluent and titrating with 0.01 M
EDTA Solulion (Sec Figure 3). Then mixtures containing
varying amounts of hafnium were tried. Zirconium was
eluted with l.OM formic acid. Aboul 100-120 011 of the
emuent was collecled at a now rate of 5.0 ml/min. and the
amount of zirconium was determined. Then the column
was washed with watcr. Hafnium was elutcd with 4.0M
nilric acid at a now rate of 1.0 mllmin, and the tolal emuent
collected was 100-150011. Excess of nilric acid was remoced

4.0M Nilri C Qt id
')

1.00

0.90

E
0.80.lE

c{ 0.70
t-:
Q

w 0.60

~ 0.50
0
ci 0.40...
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o 2 3 4 5 7 8 9 10 II IZ 13 It, 15 16 17 /8

Nu",ber Of Fraction Of Eluant
Figure 3. Separation of zirconIum and hafnium over Dowex SO W·X8 column In l.OM fonnic acid

(I) Amount 01 'U - o.s ml == 1.0 ml O.OIM EDTA
(II) Amount of Hf - o.s mt == 1.32 mI O.OIM EDTA

(111) One lractlon = 5.0 ml 01 eluant
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Tabler. Quantltatl.. Separation of Z1raNIhDII from Hafnl_
Amount of'ZJ; and

Hf taken in the
mixture, rna 'ZJ; Hf

found, found, Zr Hf
'ZJ; Hf rna mg error error

0.91 2.32 0.91 2.34 0.0 +0.02
I.g2 4.64 1.82 4.60 0.0 -0.04
3.64 2.32 3.60 2.32 -0.04 0.00
0.91 0.464 0.93 0.464 +0.02 0.00
1.82 0.93 1.81 0.92 -0.01 -0.01
1.82 1.39 I. 78 1.43 -0.04 +0.04
1.82 2.78 1.82 2.70 0.0 +0.02
1.82 3.75 1.81 3.70 -0.01 -0.05
1.82 0.24 1.83 0.26 +0.01 +0.02
1.82 2.43 1.81 2.43 -0.01 0.00

by evaporation and hafnium content was delermined chelo­
metrically. It was ascertained by loading the column with
halfnium solution and eluting with formic acid that hafnium
was completely retained in the column. The results are
given in Table I.

DISCUSSION AND RESULTS

It is clear from the results that formic acid offers an exceed­
ingly favorable separation factor for the separation of these
two elements. We have demonstrated the importance of the
method by choosing the less favorable concentration oHormic
acid-i.e.• I.OM. At this concentration, the separation factor
is about 40 and the separation is easily achieved. In more
favorable cases, the separation factor is still greater-i.t.
>100 and belter separations should be possible.

The plot of log Kd 1If. concentration of formie acid Biven in
Figure I is very interesting. It appears that hafnium forms a
positively charged stable complex with formic acid at con­
centrations from 0.25-1.75M and. therefore, in these concen·
trations the Kd values are very high and almoot constant.
However. in case of Zr it appears that two complexes are
formed with formic acid in this range. First a positively
charged complex is formed at 0.75M. and there is an increase
in Kd value up to 1.0M. When the concentration of formic
acid is increased further. an uncharged complex is formed
and. hence, the Kd value falls abruptly. The reaetions in­
volved may tentatively be postulated as follows:

ZrOI+ + HCOOH - ZrO(HCOO)+ + H+ (I)

ZrO(HCOO)+ + HCOOH - ZrO(HCOO), + u+ (2)

When the concentration of formic acid is increased further.
Hf shows a decrease in the Kd value after 1O.0M formic acid.
At this concentration. there is probably a formation of un­
charged Hf complex-i.e.• HfO (HCOO),. The bimodal be­
havior shown by zirconium in 4.0M-20.0M formic acid is
probably due to adsorption and not to ion exchange.
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Plutonium Determination in Soil by Leaching
and lon-Exchange Separation

Norton Y. Chu

Health and Safety LAboratory. U. S. Atomic Energy Commission. NCK' York, N. Y. 100/4

DURING MAY 1969 a fire occurred at the Dow Chcmical Com­
pany's Rocky Flats, Colo.• facility where plutonium compo­
nents for nuclear weapons are fabricated. After the accident.
many soil samples were taken in the immediate and outlying
vicinity of the facility to determine the extent of the radioactive
contamination. This report describes the methods used at
the Health and Safety Laboratory (HASL) to determine the
levels of plutonium in 100 gram samples of soil.

Over a number of years plutonium analyses (1-8) have been

(I) Health and Safely Laboratory Manual of Slandard Procedures.
J. H. Hasley. Ed.• U. S. At. Energy Comm. NY0-47oo. Rev.
1970.

(2) H. Levine and A. Lamanna. Health Phys.. 11,117-125 (1965).
(3) P. J. Magno. P. E Kauffman. and B. Sohleien, Ibid.• 13. 1325­

1330 (1967).
(4) E. E. Campbell and W. D. Moss. Ibid., 11, 737-742 (1965).
(5) K. Wolfsberg. W. R. Daniels, G. P. Ford. and E T. Hilch­

cock, NI'eI. Appl.• 3, 375-377 (1967).
(6) M. C. deBortoli. ANAL. CHEN., 39, 375-377 (1967).
(7) K. C. Pillai. R. C. Smith. and T. R. Folsom. Nat.,.. 203,

568-571 (1964).
(8) E L. Geiger. Health Phys.• I, 4Os-4Oll (1959).

performed on different biological ond environmentol samples
for monitoring purposes. These samples include air. food.
woter. excreto. fused rock. ond soil. Several authors have
used onion exchange systems to isolate plutonium from
complex matrices (9-/1). The ion-exchangc separation
scheme used here was suggested by the investigations of
Kressin and Waterbury (10). Plutonium hos been measured
in 1-10 grams of soil ond while this is adequate when the
plutonium concentrations are sufficiently high. such smaU
sample sizes mny prevent plutonium detection when the levels
are low. Except for deBortoli (6). the anolysis for plutonium
hos not been made routinely on 100 grams of soil although
plutonium and other actinides have been measured on kilo­
groms of fused rock (5). For the analysis of the Colorado
soils, it seemed desirable to analyze a minimum lOO-gram

(9) D. B. James, Los Alamos Scientific Lobaratory Rep., TlD-4500,
January 1967.

(10) l. K. Kressin and G. R. Walerbury, ANAL. CHElot.• 34. 1598­
1601 (1962).

(II) R. F. Buchanan, J. P. Fasris, K. A. Orlandini. and T. P.
Hughes. U. S. At. Energy Rep.• TID-7560. 1958. P 179.
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sample since a wide ranse of plutonium concentrations was
expected.

Briefly, the method consists of leaching soil with a mixture
of nitric and hydrochloric acids in the presence of "'Pu
tracer. After leaching, plutonium in the leachate is con·
verted to pu,m with sodium nitrite and absorbed from 8N
nitric acid onto Dowex I-X4 ion exchange resin. The major
constituents of the sample pass through the resin. Plutonium
is removed from the exchanger with a mixture of dilute nitric
and hydrofluoric acids and finally electroplated on a platinum
disk from slighlly acid ammonium chloride solution which is
sufficient to prevenl hydrolysis. The plated disk is counted
on an alpha spectromeler. Identification of the plutonium
isotopes in the sample is made by comparison of the sample
spectrum ",ith an electrodeposited standard source. The
resulls obtained by leaching were found 10 be in good agree­
ment with plutonium measurements of reference soils analyzed
at HASL by complete solution ofthe sample.

EXPERIMENTAL

Reagents and Appal'lltus. All reagents used in the chemical
method are of analytical grade; standardized plutonium-236
lracer solution-about 10 dpm/gram; 0.4N HNO.-o.OIN
HF solution; 0.1 % methyl red indicator solution; 5%
sodium nitrile solution, freshly prepared; analytical grade
Dowex I-X4 (100-200 mesh) resin, Bio-Rad type AG; Plat·
inum disks, 17.6-mm diameler X 0.005 in., one side mirror
finished; Nickel disks, 17.6-mm diameter; electrolytic cell;
electrolytic analyzer; and larse and small ion-exchange col­
urns.

Resin Preparation. About 15 ml of Bio·Rad AG I·X4
(100-200 mesh) resin are used for each sample and are pre­
pared as needed by conversion from chloride to the nitrate
form with I: I nitric acid. Prolonged storage of the resin in
high nitric acid concentrations will promote degradation.

ColUlllll I Preparation. The column is made from boro­
silicate glass. The outside diameter is 17 mm with a res­
ervoir at the top of the column (35-mm diameter and 75 mm
loilg) and a glass stopcock at the lower end. The overall
length of the column is 315 mm. Fill the column to the reser·
voir with 1:1 nitric acid and position a plug of glass wool at
the base. Transfer 5 ml of resin to the column with I : I nitric
acid.

Column II Preparalion~ The column is made from boro­
silicate glass. Dimensions are the same except that the out­
side diameter is I I mm. Prepare column II in the same way
as column I, except add 2 ml of resin.

Electrodepoollion Apparatus. The electrodeposition of
plutonium ,s carried out in a cell (/) based on numerous other
designs. It consists of an elongated 22-mm cap which holds
a l-oz polyethylene' boltle with lhe bollom removed. The
cap has space for an IS-mm diameter platinum plating disk
and a nickel backing disk and may be screwed firmly into the
polyethylene bottle forming a leak-tight plating cell. A
threaded brass bushing is molded into the cap and allows e1ec­
lrical contact to be made with the platinum disk cathode by
clip leads. Tbe cell may be supported in the ice·water bath
with a clamp stand; our cell is supported on ~ Lucile pedestal
which makes it easier to cenler the anode stirrer. The anode
is a '/...in. platinum-iridium rod 4 inches long with a half
inch diameter platinum disk riveted at one end. The disk has
a number of '/..in. holes cuI inlo i1to lighten the stirrer. It is
connected through a variable speed (SO to 500 rpm) stirrer to
the positive outlet of the e1ectroanalyzer.

A Power Designs transistorized power supply (Model
201SR) furnishes a constant current ranging from 0-1.5 am­
peres and a constant voltase ranging from 0-20 volts. It is
connected in parallel with an "Elaviscript 3" chart recorder
which plots voltage IU. time at constant current during e1ec­
trodeposition.
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Sample Preparation. Complele details of thc sampling
procedure for the Colorado soils are given by Krey and Hardy
(/2) and are similar to those used for soil sampling at the
Health and Safety Laboratory (I). The air·dried weight of
the samples collected averaged about 20 kilograms. Asso­
cialed rock and vegetalion from Ihe sample were seporately
crushed. ground, and blended. then combined with the soil and
the whole blended ogoin. The sample was quortered ond
about a kilogrom of the moterial taken at rondom. The
kilogrom sample was further pulverized and blended so that
lOO·gram aliquots could be taken for analysis.

Otemical Method. Weigh 100 grams of the prepared soil
sample iato a 1·liter beaker lIad add a known omount (~3
dpm) of plutonium-236 trucer. Add slowly 300 ml of nitric
acid. Foaming may be prevented by adding a few drops of
n-octyl o\cohol. After the reaction has subsided, add 100 ml
of hydrochloric acid. Allow the mixture to react ot room
temperature for an hour; then boil for an hour while slirring.
Cool to room temperature. Decant the liquid into onother
I-liter beaker and reserve. Repeat the nitric-hydrochloric
acid leach for onother hour with stirring ond boiling, and
cool to room temperature. Decant, combine the liquid with
the reserved solution and evaporate to obout 200 ml. If
siliceous material is prescnt, dilute with an equal volume of
water and filter, then wash the residue with dilute nitric acid.
Reserve the filtrate. Transfer the filter ond residue to a
platinum crucible and ignite. Cool. odd hydrofluoric and
nitric acids, and evaporate to dryness. Add nitric acid and
evaporate again to dryness. Dissolve the residue in nitric
acid ond combine wilh the reserved filtrate. Adjust the solu­
tion to 8N in nitric acid.

Ion-Exchange Procedure. Heat the 8N nitric acid sample
solution to 90°C and odd 2 ml of freshly prepored 5% sodium
nitrite solution. Cool in an icc-water bath to room temper­
ature. Add 5 ml of the conditioned ion-exchange resin to the
sample and slir for 5 minutes. Transfer lhe sample and the
resin to column I. Allow the solution to flow through the
resin bed at full flow until the liquid level reaches the top of the
resin. Discard the effluent. Elute plutonium with 150 ml of
OAN HNO,-o.OIN HF. Discard the resin. Evuporole the
solution to dryness and convert the residue to nitrate by twice
adding 5 mJ of nitric acid and evaporoting to dryness. Dis­
solve the residue with 15 ml of 1:1 nitric acid and heat to 90
°C. Add 0.25 ml of 5%sodium nitrite and cool to room tem­
peroture in an ice-water bath. Add 2 ml of the conditioned
resin to the solution and stir for 5 minutes. Transfer the
sample and resin with J : I nitric acid to column II and allow
the solution to flow through the resin bed at full flow unlillhe
liquid level reaches the top of the resin. Wash the resin with
15 ml of 12N hydrochloric acid, thre.., IO-ml portions of I: I
nitric acid and discard the effiuent and washings. Elute
plutonium with 100 ml orOAN HNO.-o.OIN HF. Discard
the resin. Evuporate lhe solution to dryness and convert lhe
residue to chloride by adding I ml of hydrochloric acid twice
and evaporoting to dryness after each addition.

Electroplating Procedure. The electroplating is largely
based on the procedure described by Mitchell (13). Add I ml
of hydrochloric acid to the dried plutonium residue ond heat
gently. Tronsfer the solution with a tronsfer pipet to the elec­
trolytic cell. Wash the beaker and pipel with two I-ml por­
tions of waler and combine the sample in the cell. Add I
drop of methyl red indicator and adjust the pH to just basic
with ammonium hydroxide. Make the solution just acid with
I :5 hydrochloric acid and add 2 drops in excess. Dilute to
5 ml with waler. Electroplate at a current of 1.2 ampere'S for
I hour. Quench the electrolyte with I ml of ammonium
hydroxide at the end of the electroplating period. Dis­
mantle the cell and rinse the platinum disk with water then

(12) P. W. Krey and E. P. Hardy. Jr.. U. S. At. E",!/(y R,p..
HASL-235. Aug. 1970.

(13) R. F. Mitchell, ANAL. CH..... 32, 326-328 (1960).



AnalysiJ No.

I
2
3
4
5
6
7
8
9

10

Table I. Plutonl.... Reco.ery from SOU Leacbed w1tb NltrIc­
Hydrochloric Aclda and Separated by Ion Excbange

dpm .lfPU Chemical
Added Found yield, %
1.84 1.43 77.8
1.86 1.46 78.5
1.94 1.64 84.5
1.95 1.63 83.6
2.12 1.71 SO.7
2.13 1.97 92.5
2.13 I.96 92.0
2.18 1.94 89.0
2.19 1.82 83.1
2.55 2.10 82.4

Table II. Comparison of Plutonium Analysis in Soli by
Nitric-H)'drochloric Acid Leach and Sodium

Carbonate Fusion Methods

Chemical
Sample dpmlloo 8 yield•
number Method • ,,-;--i-tOjiU----'uPU--

%
lA Leach 308 ± 11 5.9 ± 0.2 53
18 Fusion 318 ± 12 6.6 ± 0.3 59
2A Leach 1629 ± 87 32 ± 2 56
28 Fusion t607 ± 82 35 ± 2 66
3A Leach 6.0 ± 0.2 0.19 ± 0.01 58
38 Fusion 8.0 ± 0.3 0.13 ± 0.01 61

ethanol. Flame the disk to red heat over a burner to convert
plutonium to Ihe oxide. Assay Ihe disk on the alpha spec·
trornclcr nnd resolve the plutonium isotopes.

Standardization. An electrodepositl-d standard source
containing !Upu, 241Arn. and 24'Cm is measured in the alpha
spectrometer system. The spectrum supplies a calibrstlon
curve of alpha energy os. channel number as well as the detec­
lion efficiency of the system. Measurement of individual
elcctrodeposited standard sources of 2UpU, ulAm, and ufCm
shows Ihat the detection efficiency is independent of alpha en­
ergy oYer the energy range of interest.

DISCUSSION AND RESULTS

An efl:ort was m.de to shorten existing separalion and col­
lection procedures for removing plulonium from complex
matrices. Classical methods used to remove minute quanti­
ties of plutonium from Ihe bulk of Ihe sample. such as phos­
phate collection, solvenl extraction, or rare earth fluoride
scavenging, could be omilled for an experimental soil sample.
Plutonium was removed from the leachale of Ihe soil by ion
exchange. A resin bed with a height less than 5 em for
column I operation where the sample volume avera(led about
300 mJ tended to lose plutonium because oflhe amounl of wash
solution necessary to remove extraneous ions. The final puri­
fication step of plulonium on column II required a minimum
5 cm in heighl resin bed to satisfactorily retain plutonium.
The ion-exchange column sizes used in this work were avail­
able in this laboratory and used as a mailer of convenience.

The experimental samples shown in Table 1 were collected
in an area of New York where the soillype is a fine silt loam.
Also, Table I gives the amounls of plutonium-236 lraeer
recovered from two ion-exchange passes of Ihe soil leachale
from ten 1000gram aliquots of Ihe experimental samples.
The recovery of plutonium-236 tracer ranged from 78 to 93 %.

Duplicate lOO-gram aliquols of Ihrl"C soil types were selected
from samples taken from various locations in Ihe Colorado
area. The sample'S, 0-20 cm, from Ihis area were generally
sandy loam and mixed with rock and vegelation as described
previously. One aliquol was analyz.:d by the nitric-hy­
drochloric acid leach method and Ihe other by complele solu­
lion of the soil using sodium carbonate fusion. The plu­
tonium-239 + 240 and plulonium-238 values obtained
by the IwO methods arc shown in Table 11. The overall
chemical yield of Ihe plulonium-236 tracer ranged from 53 10
66%. We believed in Ihis early work Ihe reason Ihese chemi­
cal yields were lower than those of our experimental soil
samples was probably because of mineral variations. Since
that time further analyses have shown Ihal the chemical
yields obtained al HASL by Ihe leach method have improved
and range belwccn 78-86%. II is shown from the measure­
ments in Table 11 that good agrccment was oblained between

'''Pu

0.04 ± 0.01
0.41 ± 0.02
0.27 ± 0.21
0.09 ± 0.18
0.04 ± 0.04
0.03 ± 0.02
0.03 ± 0.03
0.20 ± 0.10
0.14 ± 0.09
0.32 ± 0.02

7.2 ±0.2
5.9 ± 0.2
6.6 ± 0.3

31.8 ± 1.3
31.8 ± 2.0
37.3 ± 1.6
0.20 ± 0.03
0.20 ± 0.01
0.13 ± 0.01

U'. uopu

400 ± 4
308 ± 11
318 ± 12

1600 ± 33
1629 ± 87
1607 ± 82

10.2 ± 0.2
6.0 ± 0.2
8.0 ± 0.3
0.74 ± 0.25
0.51 ± 0.03
1.7 ± 0.1
1.7 ± 0.1
0.41 ± 0.07
0.35 ± 0.15
0.49 ± 0.07
0.41 ± 0.02
4.82 ± 0.23
4.58 ± 0.25
4.49 ± 0.24
4.13± 0.17

Table Ill. Interlaboratory Comparison Analysis of Plutonium in Soli-

____._ dpmjloog _

New York 3

Illinois I

Colorado 3

New York 2

Sample
location

Colorado I

Colorado 2

New York I

Laboratory Method

A HNOrHCI leach
HASL HNO,-HClleach
HASL NasCO, fusion
A HNOrHO leach
HASL HNOrHO leach
HASL Na,co, fusion
A HNO.-HO leach
HASL HNO.-HClleach
HASL Na.CO, fusion
8 HNO.-HClleach
HASL NA,co. leach
A HNO,-HO leach
HASL NA.CO. fusion
8 HNOrHO leach
8 Hf dissolution
8 Hf dissolution
HASL Na,co, fusion
8 HNOrHClleaeh
8 Hf dissolution
8 Hf dissolution
HASL HNOrHClleach

• Error term for aU measurements is a single Poisson error due to counting.
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the shorter leaching method and the more lengthy sodium
carbonate fusion dissolution method.

Since a large number of sample analyses were necessary
to evaluate the extent of plutonium radioactivity in the Colo­
rado area, commercial Jaboratories were asked to assist in
this work. They were requested to analyze the soils by the
nitric-hydrochloric acid leach and to compare this method
with their internal methods. The results of the intercom­
parison are shown in Table Ill. The error term shown for all
measurements is a single Poisson error due to counling.
Measurements from Laboratory A for the Colorado soils in
two out of thrc"C cases show higher plutonium-239 + 240
results than the measurements at HASL. A systematic
error was not found for this di(fcr~ncc. The sample collected
in Illinois is a glacial silt "black" soil and this type has been
used in this laboratory as a reference soil. The New York
soils, I, 2, and 3, also silt loam, wen: collected at a different
site than the experimental sample; soil 1 was collected in
1967 from 0-20 centimeters and soils 2 and 3 were collected

in 1969 at 5-20 and 0-5 centimeters, respectively. Except
for New York sample 3 which was 50 grams, nil soils in
Table III were analyzed using 100 grams. From the plu.
tonium 239 + 240 results shown, the leaching method is
comparable to other methods for the determination of plu­
tonium in soil containing fresh and aged fallout. Also, from
these results, it was concluded thaI either of the methods
tested would be adequate for plutonium soil analysis although
the nitric-hydrochloric acid leach method required one third
the analysis time as compared to the method of complete
solution by sodium carbonate fusion.

A more detailed interpretation of the results obtained from
Colorado soils as well as the extent of plutonium contamina­
tion found in the Rocky Flats area has been made by Krey
and Hardy (/2).

RECEIVED for review September I, 1970. Accepted November
10,1970.

Isothermal Gas Chromatographic Separation of
Carbon Dioxide, Carbon Oxysulfide, Hydrogen
Sulfide, Carbon Disulfide, and Sulfur Dioxide

Willis L. Thornsberry, Jr.

Research and Drl:rlopmem Laboratory, Frt'rporr Sulphur Company, Belle Chasse, La. 70037

THERE HAS BEEN a persistent need for a simple and rapid
melhod for analyzing mixtures of CO" H,S, SO" COS, and
CS,. The importance of such a method has been greatly
magnified by the increased emphasis placed on moniloring
the concentration of these components in waste gas streams.
Although the procedure described here is nol applicable to
concenuations below the 50·ppm concentration range, it is
useful for the moniloring of gases emitled from sulfuric acid
plants, Claus recovery units, and for various other process
control and laboratory applications. Recent papers by
Stevens el al. (I, 2) describe a gas chromatographic system
for the analysis of some sulfur gascs in thc concentration
range extending below 1 ppm using a 34-ft Teflon (Du Pont)
column containing 40-60 mesh Teflon packing c08ted with
polyphenyl ether. and phosphoric acid. A sulfur selective
flame photoluminescent detector was used in this study.

In the past len years, a number of papers have been pub­
lished which arc concerned with the development of gas
chromatographic columns for the separation nnd analysis of
sulfur gases.

Several of these papers were discussed in a previous com­
munication from this laboratory (3). Since that time other
methods have been published. Br.inkmann (4) discuss'ed the
development of a column for the separation of these five
gases; however, the method is hampered by a tailing SO,

(I) R. K. Stevens i'I al., Euriroft. Sci. TI'e/mol., 3, 652 (1969).
(2) R. K. Slevens and A. E. O'Keeffe, ANAL. eIlEM., 42, (2). 143A

(1970).
(3) C. T. Hodges and R. F. MalSon,lbid.. 37, 1065 (1965).
(4) H. Brinkmann, ell_III. Teell. (Lelp:ig), 17, 168 (1965).
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peak and the fact that no base-line separation is obtained
either between CO:! and the inert gases, or between H~ and
COS. The development of porous polymer beads has pro­
vided what is probably the best and most trouble-free method
for separating these gases when carbon disulfide is not prescnt
(5, 6). A 60ft X I/.-in. aluminum column of Porapak Q-S
was tested in this laboratory and CO" COS, H,S, and SO,
were eluted within 6 minutes; however, n CS~ peak was not
observed until about 40 minutes after sample injection. The
column temperature was 98 °C and the helium carrier gas
flow rate was 55 «/min.

An earlier communication from this laboratory outlined an
analytical procedure for the simultaneous, isothermal separa­
tion and analysis of CO" COS, H,S, SO" and CS, using a
silica gel column (3). Since that time, numerous columns
have been prepared from this same batch of silica gel. All
of these columns have been used successfully both in the
laboratory and (with the addition of a precut column to
remove moisture) in process instruments for continuous
analysis. However, attempts to reproduce these results
with silica gel from other sources and even with different lots
obtained from the same source have failed.

Various methods of treating these silica gels have been
tried, including silanizing; acid washing, using conditions
ranging from simple washing to renuxing with concentrated
hydrochloric acid for 2 to 3 hours; and conditioning the

(5) E. l. Obermiller and G. O. Charlier, J. Gas Cltromatogr., 6,
446, (1968).

(6) E. L. Obermiller and G. O. Charlier,}. Cltron/mogr. Sci.,., 580
(1969).



Table I. Operating Oulracteristlc:s of Column'

Retention
No. of

"Q" Separation theoretical
Concentration time factor, (actor Resolution, Width. plates.

Component (Volume, %) R Q s R W N
Air balance 0.12
Co, 3.00 0.66 3.47 0.82 2.84 0.19 192
COS 1.11 1.22 3.30 0.46 1.52 0.37 174
H,s 4.30 1.85 4.12 0.34 1.40 0.45 272
Cst 1.52 4.40 3.52 O.SS 2.04 1.25 \98
So, 4.tO 6.85 3.70 0.36 1.33 1.85 219

"Operating conditions: Dcnctigel60/80 mesh. Lot No. 795/108 acid washed 2 ft X 'I. in. AI. Col. at 122 °C with a He now rate of S5
cc/min. Using 8 5-ec syringe sample.

RECEIVED for review August 14, 1970. Accepted November
12,1970.
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where

I" = retention time of the preceding peak
18 = retention time of peak for which separation factof is

being calculated
Resolution: R ; (Q) (S)
Number of theoretical plates: N ; I6(Q)'

H water vapor is present, it may be desirable \0 make special
provisions 10 handle this. Possible solutions have been
previously discussed (3). However, water docs not interfere
with the analysis and unless an unusually high water con­
centration is present or n large number of consecutive samples
are being taken, 8S in 8 process instrument. this will prescnt
lillie or no problem.

Aluminum, glass, or stainless steel tubing may be used \0

prepare these columns.

, \
o~0"",,-",,+-..u..~""''''-~4'--'~''''''~6'-''''''-'''8-~9-­

MINUTES

Figure I. s.,paratioo of sulfur gases 00 a two-foot column of
acid washed Deaetigel

RESULTS AND DISCUSSION

The chromatogram in Figure I shows the separation
ohtainl'd using a 2-foot X l/~ inch column of acid washed
Dcactigcl at a temperature of 122°C and a carrier gas flow
rate of SS cc/min. These conditions were found to produce
the best separation.

The data presented in Table I constitute a detailed analysis
of the chromatogram including a tabulation of the column
description, operating conditions and retention times, and
peak widths obtained for each component on each column.
In addition, a number of parameters normally used to express
the efficiency of gas chromatographic columns arc tabulated.
These include the Q value, separation fuctor, resolution, and
the number of theoretical plates. These various tcrlm, as
used in this paper, arc defined as follows:

Q Value: Q ; retention time/peak width

EXI'ERIMEfIoTAL

An F and M model 720 dual-column, programmed­
temperature chromatograph equipped with a Gow Mac W-2
thermal conductivity detector and a l~mV Honeywell recorder
was used for this work. Helium carrier gas was used through­
out all tests. Gas mixtures for calibration were obtained
from Matheson Corporation and othcr test mixtures were
prepared in Ihe laboratory.

Acid washing of the Deactigel was done by placing 10
grams of the Deactigcl in a Buchner funnel with a medium
porosity glass frit bottom and washing with 30 ml of con­
centrated hydrochloric acid. 90 ml of distilled water. and 90
011 of acetone in that ordef at a rate of S cc/min. The Deacti­
gel was then air dried. The columns were prepared and
conditioned ovcrnight in the gas chromatograph oven at
200 °C with a helium "ow of 55 ee/min through the column.
This column has been used for the analysis of these gases in
the concentration ranges of 0.01 to 20% by volume. A 5-cc
sample, both syringe sample and a gas sampling loop, was
used throughout this work.

(7) H. Hall, ANAL. CIIE..... 34, 61 (1962).

f .... - t.
Separation Factor: S ; - -_.­

I.

column in a stream of the sulfur gases. None of these
procedures produced on acceptable column. Tailing peaks,
\.'spl.:cinlly the SO~ (X.'ak. were always a problem. Variations
among different batches of silica gel are not unusual and this
problem has often been reported (3, 7).

This work relates to the usc of a treated silica gel, "Dcacti­
gcl," supplied by Applied Science laboratories, State College,
Pa. Although significant batch to batch variations were
obscrvcd with Deactigcl, a simple acid wash trcatment
consistently produced a column material which gave very
good separation.

ANALYTiCAL CHEMISTRY. VOL. 43. NO.3. MARCH 1971 • 451



Optimization of Experimental Conditions for Spectrofluorimetric
Determination of Europium, Samarium, and Terbium as
Their Hexafluoroacetylacetone-Trioctylphosphine Oxide Complexes

R. P. Fisher and J. D. Winefordner
Department of Chemistry, University of Florida. Gainesville, Fla. 32601

THE USE OF P-DIKETONE chelating agents in the spectro­
fluorimetric determination of trace amounts of rare earth ions
has been described (I, 2), and the basis of the enhancement of
the fluorescence by synergic agents has lx:en discussed else­
where (3). Fluorescence analysis of the rare earths in solution
by this method is potentially quite useful beeause the intense,
line-like spectra obtained arc characteristic of the metal ions
themsclves and are relatively independent of interferences.
The purpose of this study was to investigate the elTect of pH
on the fluorescence of the hexafluoroacetylacetone/lri-n-octyl­
phosphine oxide complexes of the rare eanhs with the ulli­
mate aim of optimizing experimental conditions so as to pro­
vide a useful analytical method.

EXPERIMENTAL

The oxides of cerium, praseodymium, neodymium, samar­
ium, lanthanum, europium. gadolinium, terbium, dysprosium,
holmium, erbium, thulium, ytterbium, and lutelium (Rare
Earth Division, American Potash and Chemical Corp., West
Chicago, III.) were obtained in purities of 99.9 % or better,
except for Dyand Ho which were of 99% minimum purity.
Hexafluoroacetylacetone (HFA) was J. T. Baker practical
grade: initial experiments were performed wilh HFA purified
according to the extraction method of Rydberg (4, 5); this
later proved unnecessary, and the practical grade HFA was
thenceforth used without funher purification. Tri-n-octyl­
phosphine oxide (TOPO) was practical grade (obtained from
Pfallz and Bauer, Inc., Flushing, N. Y.). Several grades of
methylcyclohexane were tried, but it was found that Eastman
practical grade could be used without funher purification.
Stock solutions of the rare earth ions were prepared by dis­
solving ihe rare eanh oxide in concentrated HCI or HNO, and
diluting with sodium hydroxide solution to obtain 500 ml of
O.OIM rare earth ion at approximately pH 5. Serial dilutions
of the stock solutions were made with acetic acid/sodium ace­
tate bulTer solutions at the pH of interest in the given experi-
menlo .

Fluoreseence spectra and analytical curve data were taken
using an Aminco-Bowman spectrofluorometer (American In­
strument Co., Inc., Silver Spring, Md.) equipped wilh a high
pressure xenon arc source (powered by a Harrison 6268A DC
Power Supply, Hewlett-Packard, Orlando, Fla.), an Aminco
Ellipsoidal Condensing System, and ~n R136 (red sensitive)
multiplier phototube. Phototube power and readout was pro­
vided by an Aminco PtlOtomultiplier Microphotometer, and
spectra were recorded on an Aminco X-Y recorder. pH mea­
surements were made with a combination pH electrode (Model
4858 L60, A. H. Thomas Co., Philadelphia, PD.) and a pH
meter (Model LS, E. H. Sargent and Co., Chicago, III.) .

(I) R. Belcher, R. Perry, and W. I. Slephen, Analyst, 94, 26 (1969).
(2) T. Shigematsu, M. Matsui, and R. Wake, Anal. Cilirn. Arta, 46,

101 (1969).
(3) F. Halvorsen, J. S. Brinen, and J. R. Leto, J. Cltern. Pltys., 41,

157 (1964).
(4) J, Rydberg, Sv. Kern. Tidskr., 62,179 (1950).
(5) J. Stary, ''The Solvent Extraction of Metal Chelates," The Mac­

millan Company, New York, N. Y., 1964, p 51.
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The procedure for the preparation of the chelates was as fol­
lows: to a 15-ml glass-stoppered centrifuge tube were added
3 ml of rare-earth ion solution, 3 ml of 6 X IO-'M HFA in
methylcyclohexanc, and 3 ml of 0.01 M TOPO in methylcyclo­
hexane. The tube was stoppered and shaken for approxi­
mately 15 seconds, the layers were allowed to stratify (about I
minute), and approximately 3 ml of the upper layer was
poured into a I cm X 1 cm quartz cell.

Apparent ftuorescence excitation and emission spectra were
obtained at room temperature, and optimum excitation and
emission wavelengths were selected from these spectra. In the
prcpamtion of the analytical curves, all fluorescence intensity
readings were referred to a standard chelate Solulion whose
fluorescence intensity was measured often, so as to compensate
for long-term source variation. All intensity readings were
corrected for a blank, prepared by extracting 3 ml of the ace­
tate bulTer used in the given experiment with 6 ml of the
HFA{fOPO solution.

OPTIMUM EXPERIMENTAL CONDITIONS

As expected, only europium, samarium, and terbium yielded
analytically useful fluorescent chelates. [Nole that Stanley et
al. (6) have suggested that by using an instrument utilizing a
monochromator and transducer capable of providing resolu­
tion and detection in the near infrared, one should be able to
determine the majority of the rare earth ions by the Il-diketone
fluorescence method.]

Several factors should be noted concerning the extraction
method used in the present study:

Preparation of a solid sample for analysis did not involve
the evaporation of quantities of concentrated acids.

The reagents could be used as obtained commercially; no
further purification was necessary.

Multiple extractions, allhough they would undoubtedly in­
crease the efficiency of the method, were not necessary to
obtain linear analytical curves and low limits of detection.
The extraction time was not critical; apparentlyequilib­
rium is ateained quice rapidly.

Only one stock solution of chelating/synergic agent was
necessary to cover the entire concentration range of the
method.

A pH of 3 was found to be most suitable for analytical mea­
surements of the three rare earths. It is to be expected
that there would be a pH which would yield optimum ex­
traction of the rare earth ions by HFA; at low pH values,
hydronium ion competition with the metal ion for an
enolate ion should reduce extraction efficiency, while at
high pH, the metal ion should form hydrated hydroxides
rather than chelate complexes. An experiment in which
fluorescence intensity of a europium chelate was mea­
sured as a function of initial (pre-extraction) europium
solution pH showed results in agreement with those of
Shigematsu tI al. (2)-namely, that optimum extraction

(6) E. Stanley, B. Kinneberg, and L. Varga, ANAL. CHEM., 38, 1362
(1966).



Table I. AlIalytkal DetennlDatloa of S_rll...
E...oplllDl, and TerblllDlo •

Range of analytical curve
linearity, moles fare eanh

).u,· X••.e ion/liter in solution
Ion om om to be extracted

Samarium 350 565 1 X 10-' to 5 X 10-'
Europium 360 615 1 X 10-' to I X 10-'
Terbium 350 550 I X 10-' to I X 10-'

• All analytical curves were prepared using the extraction method
described in text; [HFA] ~ 6 X 1O-'M,lTOPOI _ O.OIM, pH _
3 (acetate buffer).

• Approximate wavelength of excitation.
f Approximate wavelength of observation of emission chosen to

facilitate the analysis of mixtures of the three ions. •

occurs near pH 6. However, analytical curves oblllined
from europium solutions at pH 6 (other conditions same
~s described above) showed anomalous "humps," limit­
Ing the useful range of the method to a lower limit of
about IO-'M europium. When, however. the pH was re­
duced to 3, the analytical curve was useful to europium
ion concentrations of 10-' moles per liter. A pH of 3
was also found to be useful for samarium and terbium.

In Table I, lhe results obCained for \he three rue earths
which exhibiled appreciable Ruor=:ence by Ihis method ate
given. The lower limits represenl the lowest concentrations
for which reproducible results could be obtained. consistent
with the remainder of Ihe analytical curve. NOle that for all
three rare eanhs, concentrations one 10 three orden of mag­
nitude below the lower limits listed could be deteeled above
Ihe blank, bUI the inlensity values were nOI consislenl or I'll­

producible. The precision and selectivity of measurement
were similar to those found by Belcher" aI. (I) and Shige­
matsu .1 al. (2). No recovery data wiU be given here; how­
ever, students in an undergraduale instrumental analysis
course (during three differentlerms) have oblllined essentially
complele recovery of europium (with no apparent difficulties)
in synthetic solutions with this extraction-measurement pro­
cedure.

RECEIVED for review August 12, 1970. Accepled November
16, 1970. Research was carried out as a pan of a study on
the phosphorimelric analysis ofdrugs in blood and urine, sup­
poned by a U. S. Public Health Service Granl (GM-1l373.Q7).

Kinetic Study of the Beckmann Rearrangement of
6a-Methyl-I7a-Acetoxyprogesterone-3-0xime by
Cathode Ray Polarography

Arvin P. Shroff and Charles J. Shaw

Analytical Research Group, Dioision of Organic Chemistry. Orlno Research Foundation, Raritan, N.J. 08869

THE BECKMANN REARRANGEMEt<r has offered Ihe organic
chcmi.t a convenient method by which to introduce a nitrogen
into the sleroid ring system. These heterocyclic steroids have
been prepared using a variely of solvents and such catalysts
as tosyl chloride (1-6), Ihionyl chloride (7, 8), phosphorus
pentachloride (I, 2), p-acetylaminobenzenesulfonyl chloride
(4), and p-aminobenzenesulfonyl chloride (9, 10). The yield
of Ihe lactam obtained by these methods has been variable
because it is believed (I I, 12) that only the syn isomer panici­
pates in the rearrangement of the a"B-unsaturated ketoxime.
The kinetics oflhis transformation as followed by cathode ray
polarography is the subject ofthis paper.

Previous methods of analysis in the study of rates of re­
arrangemenl of cyclic and acyclic ketoxime., involved re-

(I) S. Hara, Pharm. Bull (Japall), 3, 209 (1955).
(2) S. Hara. Yakugaku Zasshi, 78, 1027 (1958).
(3) Ibid, P 1030.
(4) S. Kaufmann';. Am.,. CII.m. Soc., 73, In9 (1951).
(5) R. H. Mazur, ibid.. 8t, 1454 (1959).
(6) K. Tsuda and R. Hayatsu, ibid.. 78, 4107 (1956).
(7) B. M. Regan and F. N. Hayes. ibid., p 639.
(g) C. W. Shoppee and J. C. Sly,J. CI"m. Soc., 1958, 3458.
(9) H. Heusser. J. Wohlfahn, M. Muller, and R. Anliker, Hrlc.

Chim. Aera., 38,1399 (1955).
(10) R. Anliker, M. Muller, J. Wohlfahrt, and H. Heusser, ibid.,

p 1404.
(II) C. W. Shoppee, M. I. Akthar, and R. E. Lack, J. Ch.m. Soc.•

1962.1050.
(12) C. W. Shoppee, R. E. Lack, R. N. Mirrington, and L. R. Smith,

IW., 1965, 5868.

fractive index (13), gravimelric analysis (14, 15), colorimetric
assay (/6) and ultraviolet methods (17, 18). All of these
methods, though appropriate for the particular problems.
lack sensitivity or specificity or both.

A literature survey indicaled that only a few electrochemical
reduction studies have been made with C=N in contrast to
C=O compounds which have received a substanlial amount
of allention from the polarographers. They have indicaled
(/9, 20) that amines are the products of reduction in protic
solvents such as ethanol.

The present investigation was undertaken 10 evaluate lhe
applicability of cathode ray polarography in sludying the
kinetic transformation of 6a-methyl-17a.acetoxyprogesterone
3-oxime (MAPO) to its corresponding lactam (Scheme t).
It would offer sensitivity with concurrent selectivily when
used with the appropriate supporting electrolyte. The dalll

(13) D. M. Dimitrijevic and O. K. Stejanovic. Glas. H.m. Drust.,
Beograd. 28, 353 (1963); C.A., 63, 2868(1965).

(14) D. E. P<arson,J. F. Baxter,andJ. C. Martin';. Org. Cl..m., 17,
1511 (1952).

(15) D. E. P<arson and J. D. Bruton. ibid., 19, 957 (1954).
(16) P. T. SCOlt, D. E. Pearson, and L. J. Birth.., ibid.. p 181S.
(17) P. T. McNulty and D. E. P<arson. J. Am.,. CII.m. Soc., 8t

612 (1959).
(18) N. G. Zarakhani, V. V. Budylina, and M. I. Vinnik,Zh. Fiz.

Khim.. 39, 1561 (1965).
(19) H. Lund, ACla, Chim. SCaJKJ., 13, 249 (1959).
(20) P. Zuman and O. Exner, ColI«I. Cz«h. Cite",. Commllll" 30,

1832 (1965).
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obtained would enhance our knowledge of the stereochemical
features necessary for the Beckmann rearrangement and the
mechanism of electrochemical rc..-duction of steroidal oximc..'S.
The synthesis and yield of the compounds in Scheme I were
recently reportl'<l (2/).

EXPERIMENTAL

Apparatus. All the analytical work was done with a Davis
Differential Cathode Ray Polarotrace, Model 1660A manu­
factured by Southern Insuuments Ltd., Cambcrley, England.
Cells and electrodes, supplied with the instrument and a
mercury pool anode were used in all measurements. The
cells were thermostated at 25 ± O. I ·C. A SO-millisecond
time constant for R.C. derivative was used throughout the
experiment. The time cycle for dislodging mercury drops
was 5 seconds and the sweep period was 2 Sl'Conds during
which a voltage change of 0.5 volt was applied. Routine
but scrupulous cleani!18 procedurcs for all equipment were
carried out to exclude the introduction of reducible and sur·
face active impurities.

Material. All reagents emploYl'<l in this invcstigation were
reagent grade and were obtained commercially. The steroids,
6a-methyl-17a·acetoxy progesterone, 6a·methyl-17a-acetoxy
progesterone 3·oxime (MAPO) and the lactam were supplied
by our Division of Organic Chemistry. Commercial absolute
ethanol was distilled'over sodium ethoxide and diethyl
phthalate (22) to remove reducible impurities. A polaro­
graphic grade of tetraethylammonium iodide was used as the
supporting electrolyte. Buffers were prepared as per
Michaelis and Walpole (23). .

Kinetic Experlmeot. A 50-ml round bottom flask contain­
jog a solution of 2 grams of MAPa in 30 ml of dioxane was

(21) A. P. Shroff, J. Med. Chem., 13, 748 (1970).
(22) L. F. Fieser, "Experiments in Organic Chemistry," 3rd ed.,

D. C. Heath & Co.• Boston, Mass., 1955, p 286.
(23) M. Brezina and P. Zuman, "Polarography in Medicine,

Biochemistry and Pharmacy," Interscience, London, 1958, p 731.
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Concentrallon tn L>C)

Figure 2. Plot of peak current os. concenuation

placed in a constant temperaturc bath (Blue M Electric Co.)
at 30 ± 0.1 ·C. After 0.5 hr, a 5·ml portion of thionyl·
chloride, also kept at 30 ± 0.1 ·C was added to the mixture.
A 50-1'1 sample was withdrawn at 5·minute intervals (when the
reaction was carried out at 15°C the samples were withdrawn
at Io-minute intervals) and placed into a 25-ml volumetric
flask containing I ml of O. IM tetraethylammonium iodide.
Each solution was diluted to volume with 40% ethanolic
Michaelis phosphate buffer (pH 8.4) and a representative
sample transferred to an electrolysis cell (kept at25 ± 0.1 .C)
and deoxygenated with nitrogen for IS minutes. The polaro­
grams were viewed immediately on the oscilloscope and the
peak height and sensitivity dial reading recorded.

DISCUSSION

The solubility of steroids in water is too low for electro·
chemical study. A preliminary investigation of solvent ef·
fects and solubility lead to the selection of 40% ethanol 60%
water (v/v) as the most suitable medium. Polarographic
examination or the oxime, its corresponding ketone, and the
lactam was carried out at various pH's using a variety of sup·
paning electrolytes. In our hands tetraethylammonium
iodide gave satisfactory rl'Sults with the reduction of the ketone
and oxime. A twoestep reduction or the oxime, equivalt=nt to
4e, took place in 40% ethanolic Walpole acetate buffer
(pH 3.6-5.6) and Michaelis phosphate buffer (pH 5.3-8.4).
The mechanism of reduction (Scheme 2) appears to be similar
to the one proposed by Lund (/9). At a pH of 8.4, the two
peaks coalesced (Figure I) with a peak potentiaI(E.) of -1.41

·0",
Scheme 2
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Figure 3. Plot of the logarithm of MAPO concentration ...
time at two dlffereot temperatures

.15 ·C
030 ·C

Figure 4, Plot of Ibe log of response os. time for a 30 ·C ex­
perimeot

The rate constants, tabulated in Table I, may be calculated
from the linear equation or from the slope of the line which is
equal to -kI2.303. The rate of rearrangement is quadrupled
hy changing the temperature from 1510 30 ·C.

The first order rate kinetics was further confirmed by vary­
ing lhe concentration of the oxime at a fixed concentration of
thionyl chloride and vice versa. The data tabulated in Table
II indicate that the rearrangement was independent of the
concentration ofthionyl chloride, provided it was inexcess.

27.1
29.2
30.8
28.2
29.6
30.0
1.40
0.63

k at 30 'C

8.98
8.98
7.85
8.60
8.60
0.53
0.26
8.1 min

Polarography

28.0
27.0
30.0
25.6
29.5
28.0

1.80
0.81

No.

I
2
3
4
5
Mean
Std dev
Std error

Table Ill, Comparison of Per Cent Syn Isomer
Found by Polarography and Nonaqueous Tltrimetry

Nonaqueous
Titrimetry

Expt
No. k at IS "C

I 2.10
2 1.90
3 1.98
4 2.23
Mean 2.05
Std dev 0.14
Std error 0.07
lUI 33.8 min

• k = moles/liter/min X 10'.

log C.,. = 10g[C.,Jo - K112. 303

volts. This E. is shifted by - 0.18 volt in the kinetic ex­
periment. The ketone under the same conditions exhibited
an E. of -1.73 vollS. The lactam, however, could not be
reduced under these conditions but in 40% ethanolic O.IN
lithium bromide and O.IN tetraethylammonium perchlorate
it underwent smooth reduction al E. of -1.57 volts.

We chose the one-step reduction of the oxime at pH 8.4 for
our kinetic measurements. A calibration curve employing
first derivative polarograms is shown in Figure 2. The
kinetic experiment was conducted at 15 and 30 ·C because of
the exothermic nature of the reaction. The oxime concentra­
tions were calculated from the equation

j = kc

where j is the peak height, c is the concentration of the oxime
in moles per liter, and k is a constant determined experi­
mentally.

The Beckmann rearrangement (Scheme 1) follows the first
order rate law at both IS and 30 ·C. A plot of the log of
oxime concentration os. time is depicted in Figure 3. The
linear equation is

Table 1I. Ell"ect of Varying Amounts of
SOCl, and Oxime on Rate Constant

SOCI" ml' k Oxime, g' k'

1 8.27 1.0 7.58
3 9.69 I.S 8.98
4 8.43 2.0 8.98
5 8.00 2.5 7.81
Mean 8.U 8.M
Stddev 0.64 0.75
Std error 0.32 0.37

• 2.0 g of oxime was used for each experiment.
• 5.0 m1 of SOCII was used for each experiment.
, k - moles/liter/min X 10'.

where C.Yf/o is concentration of oxime remaining in solution,
(C•...Jo is initial concentration of the oxime solution, k = rale
constant, and t = time in minutes.
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arrangement. The caJculation of the isomers was carried Ollt

as follows and compared with nonaqueous titrimetric method
(Table III)

log Co - log C, X 100 ~ % syn isomer
10gC.

The stereochemical feature necessary for the rearrangement
was investigated for the 30 ·C reaction. A plot of the log of
response os. lime is represented in Figure 4. A sharp drop
in current is observed for the first 15 minutes followed by con­
stant diffusion current. This is attributed to the fact that
a, p.unsaturated ketoxime exists in two isomeric forms, syn and
anti (Scheme 3) and that only the syn participates in the re-

where Co = concentration at time 0 and C, represents con­
centration at the end of 16 minutes (or point of inflection).
The values in Table III show 8 good correlation and suggest
that only the syn isomer participates in the rearrangement.
The values also indicate that anti isomer does not isomerize
to the syn form or vice versa in solution. Further, they
strongly suggest that polarography can be a potential tech­
nique for the determination of syn and anti isomers of similar
compounds. The advantage of this technique over the non­
aqueous titrimetric method is obvious when one considers
that in the latter method a preliminary separation by pre­
parative thin-layer chromatography is essential before the
titration can be performed with O.IN perchloric acid.
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Spectrophotometric Determination of Cobalt
with Benzil Mono-(2-Pyridyl)Hydrazone

Ronald T. Pflaum and E. Scott Tucker Iii'
Department o/Chemistry, University of Iowa, Iowa City, Iowa

MONO{2-AZAARYL)HYDRAZONES Ac:f as nonselective ligands
toward transition metal ions. Benzil mono{2-pyridyl)hy­
drazone reacts with cobalt(II) ion to form the bis-[benzil
mono(2.pyridyl)hydrazone) cobalt(11I) complex. In a 60%
ethanol-water solvent system. this colored chelate cation
exhibits a wavelength of maximunl absorption at 535 om
with a molar absorptivity of27.400. Solutions of the complex
conform to Beer's law over the concentration range studied,
6.1 X 100Yi.1 X IO-'M. In a neutral to slightly basic
ethanolic solution. color development is complctc in 30
minutes in the presence of a 25-fold excess of rcagent. The
color intensity of the cobalt complex is unchanged by the
addition of strong acid. Other transition metal complexes
are decomposed upon treatment with acid. A method is
proposed for the determination of cobalt in selected samples.

The spectrophotometric methods most frequently employed
for the determination of cobalt utilize the nitroso-naphthol
reagents. These form intensely colored tris chelates with
the cobalt(lll) ion in weakly acidic or neutral solutions. The
reagents are not selective but react readily with other transi­
tion metal ions. However, only the water soluble cobalt
complex of nitroso-R salt and ·the insoluble l-nitroso-2-naph­
thol and 2-nitroso-l-naphthol cobalt species arc stable in
highly acidic solution (I).

1 Preseot address, Organic Division, Research Department,
Monsanto Company, St. Louis, Mo.

(I) E. B. sandell. "Colorimetric Determination of Tnu:e Metals,"
3rd ed, Interscience. New York. N. Y.• 1959, pp 47n-422.

Methods utilizing the above colorL'<! complexes sufTer from
interferences due to the presence of other metal complexes
and to excess reagent in the measured systems. Interferences
due to mctals may be eliminated by a preliminary separation
(1-3) and by decomposition of the metal complexes with
hydrochloric acid (1.3-5). The interference of excess reagent
may be circumvented by measurement at a secondary absorp.
tion maximum of the cobalt complex (where absorption
of the reagent is negligible) and by removal of reagent with
strong base (I. 3-5). Multiple washing steps. in which acidic
and basic washes of the nonaqueous medium containing
the cobalt complex are carried out, arc required in order to
completely eliminate interfercnces.

The use of benzil mono{2-pyridyl)hydrazone as a reagent
for the spectrophotometric determination of cobalt ofTers
advantages ovcr the nitroso naphthol reagents. Prior re­
moval of diverse metal ions and extraction of the coball
species are not requisite in the hydrazone method. In addi­
tion, direct measurement without separation precludes the
necessity of multiple washing steps.

EXPERIMENTAL

Apparatus. All absorption measurements were made with
a Cary Model 14 recording spectrophotometer at room tem­
perature in 10- and 20-mm matched silica cells. All pH

(2) E. Cogan. ANAL. CHEM.• 32, 973 (1960).
(3) R. C. Rooney. MetallarKia. 62, 175 (1960).
(4) L. J. Clark. ANAL. CHEM.• 30. 1153 (1958).
(5) M. Needleman. ibid. 38, 915 (1966).

458 • ANALYTICAl CHEMISTRY, VOL 43, NO.3. MARCH 1971



Sample Present Found

Table I. Determination of Cobalt In SelccUd Mebll Samples

Cobalt, %

RECEIVED for review June 29, 1970. Accepted November 5,
1970. The authors arc grateful for the Traineeship provided
E. S. Tucker by the National Aeronautics and Space Ad­
ministration.

1 X 10-·M. In strongly acidic solution, the absorbance of a
solution remainL'<! unchanged for a period of 12 hours. In
acidic solution, the complex exhibits a wavelength of maxi­
mum absorption of 535 nm and a molar absorptivity of 27,400.
Beer's law is ObeYl'd over a cobalt ion concentration of 6.1 X
10-'-6.1 X IO-'M.

The effects of diverse ions on the cobalt-BMPH system
were determined. Diverse metal ions can interfere in two
ways: by the formation of colored complexC5 with over·
lapping absorption bands, or by consuming reagent before
it can react with the cobalt present, thereby preventing com­
plete formation of the cobalt complex. The first mode of
interference is eliminated by the addition of acid which dis­
sociates the labile metal complexes, but not the inert cobalt
complex. Thus, transition metal ions, although forming
highly colored complexes with the reagent, do not offer a
serious source of interference. The second type of inter­
ference can be prevented, for the most part. by increasing the
amount of ligand present in the solution.

The method for cobalt was found 10 be relatively inter­
ference free. Common anions do not interfere. However.
citrate and tartratt: ions cannot be tolcratl'd in concentrations
greater than 20 ppm. The alkali and alkaline earth metal
ions likewise do not offer interference to the formation and
measurement of the cobalt complex. The group III metals
(with the exception of aluminum), Cd", Hg'+. and Pb" in
200-ppm concentration do not interfere. Chrominum,
molybdenum, tungsten, and uranium in the same concentra·
tions offer interferences by precipitation or complexation.

Results of Determinations on Selected Samples. The results
of the determination of cobalt in selected samples are pre·
sented in Table I. These results demonstrate that cobalt in
thc presence of transition metal ions can be determined with
good accuracy. Each measured value represents the average
oblainL'<! on 5 separate aliquots of sample. For the samples
analyzed, the direct determination of cobalt without the bene·
fit of a separation proved to be as accurate as the method in·
volving a separation. The BMPH method, in which the high
stability of the cobalt complex precludes the necessity of a
separation step, thus offers a distinct advantage over existing
methods. In addition, the high molar absorptivity of the
complex permits the accurate determination of trace can·
centrations of cobalt to 0.3I'g/m!.

0.018'

8.49'

0.03t·
0.033'

8.46

0.020

0.032NBS-126B
(High Nickel Steel)
(35.99% Ni)
NBS-153 A
(Co-Mo-W Steel)
(8.85% Mo-I.76% W)
NBS-157 A
(Cu-Ni-Zn alloy)
(58.60% Cu-11.82% Ni-29.06% Zn)

• Measurement after ion exchange separation.
L Measurement without prior separation.

RESULTS AND DISCUSSION

(6) B. Chiswell, F. Lions, and M. L. Tomlinson, Illorg. Chtm., 3,
492 (1964).

measurements were made with a Corning Model 12 pH meter
equipped with a standard glass-calomel electrode.

Reagents. Benzil mono-{2·pyridyl)hydrazone, BMPH, was
prepared by the general method of Chiswell, Lions, and
Tomlinson (6). Stoichiometric amounts of the reactants, 2·
hydrazinopyridine (Aldrich Chemical Co.) and benzil (0.1
mole), were dissolved in a minimum amount of ethanol (500
ml) containing several drops of glacial acetic acid and the
reaction mixture heated under rcnux for 30 minutes. Upon
cooling in an icc bath, the monohydrazone crystallized out of
solution. The yield was 60-70% after one recrystallization
from ethanol (mp 140-14\ 0c).

A 1% (w/w) reagent solution was prepared by dissolving
7.8 grams of the reagent in 1 liter of ethanol with the aid of
moderate heating.

A standard cobalt solution was prepared by the dissolution
of approximately 18 grams of hydrated cobalt perchlorate in 1
liter of distilled wnter. The cobalt content was standardized
by e1ectrodeposition and all subsequent cobalt solutions were
prepared by dilution.

All other reagents used were of reagent grade quality.
Recommended Procedure. Pipet a suitable aliquot of the

sample solution into a 25·ml volumetric flask. Add 15 ml of
the 1% reagent solution and make the solution neutral to
slightly basic with \ M sodium hydroxide. After allowing the
color to develop for 30 minutes, add 6 ml of 8M HCI and
dilute to volume with water.

Measure the absorbance of the sample solution CS. an
ethanol blank at 535 nm. Calculate the amount of cobalt
prescnt from a previously prepared calibration curve.

Benzil mono·(2·pyridyl)hydrazone is a light yellow stable
crystalline solid insoluble in water and dilute add. The
ligand is very soluble in common organic solvents. Solu­
tions of BMPH in ethanol were stable fora period of6 months.

The reagent acts as a nonselective organic ligand toward
most of the transition metal ions. Of the metal complexes
formed, only the bis[bcnzil mono-{2·pyridyl)hydrazone]co·
balt(lII) complex is kinetically inert toward dissociation by
hydrogen ion. This unique feature of the cobalt complex
permits its dctermination in the presence of the other transi­
tion metal ions.

In Solulions of 30-80% ethanol-water, BMPH reacts with
the cobalt(lI) ion to form a highly colored complex having
nn absorption maximum at 535 nm. Mole ratio and con­
tinuous variations studies showed that the absorbing species
is the bis hydrazone complex. Complexation was shown
to involve deprotonation of the ligand and oxidation of
Co(I1) 10 the Co(lII) ion. It was demonstrated that dis·
solved molecular oxygen is the active oxidant in the system.

Complex formation is a relatively slow process due to
the necessary transformations in both the ligand and the
metal ion. The rate of complex formation increases with
increasing ligand concentration and pH. Maximum color
is observc'<! after 30 minutes for a 60% ETOH-H,O solution
containing a 25: I ratio or ligand to metal ion. The apparent
pH of the system is approximately 7.5. Maximum color is
developl.-d in less than 10 minutes in a similar mixed solvent
of pH 12 containing a 5: I ratio of reactants.

Once formed, the chelate complex of cobalt(lII) is chemi·
cally inert toward hydrogen ion. No dissociation of the com·
plex is apparent over a hydrogen ion concentration of 2M -
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Analysis of Polyethylene Terephthalate Prepolymer
by Trimethylsilylation and Gas Chromatography

E. R. Atkinson, Jr., and S. I. Calouche
Analytical and Chemical Section, Firestone Synthetic Fibers Company, Box 450, Hopewell, Va. 23860

THE PRODUCTION of polyethylene terephthalate (PET) from
terephthalic acid (TA) and ethylene glycol (EG) involves
basically a two-step process. The first step consists of react­
ing TA with EG (esterification) in the presence of a catalyst
to form a prepolymeric mixture which then undergoes
polycondensation to the desired product (step two).

The esterification product prepared in the first step con­
tains bis-{2-hydroxyethyl)lerephthalate (BH ET), ethylene
glycol (EG), diethylene glycol (DEG) (I), terephthalic acid
(TA), mono-{2-hydroxyethyl)terephthalate (MHET), and
higher molecular weight oligomeric polyesters.

An analytical tc'Chniquc was required for determining com­
pounds such as the above when present together in a complex
mixture. Gas liquid chronullography (GLC) best fills this
need. Methods for the determination of carboxylic acids
(2-4>, ethylene and diethylene glycol (5-12), and polyhydric
alcohols (13), have been reported. There is no report, how­
ever, demonstroting the use of this technique for the de­
termination of either mono- or bis-{2-hydroxyethy1)tereph­
thalate.

This paper proposes a qualitative and quantitative pro­
cedure for the determination of MHET and BHET as well as
EG, DEG, and TA in polyester prepolymers by conversion to
their TMS derivatives followed by GLe. The sample to be
analyzed is dissolved in pyridine and treated wilh bis-{tri­
methylsilyl)triOuoroacetamide (BSTFA). The resulting solu­
tion is chromatogmphc'll and the TMS derivatives separoted
and determined using the technique of internal standardiza­
tion.

EXPERIMENTAL

OJromatographlc Equipment. All chromatograms were
obtained using a Hewlett-Packard 5750 gas chromatograph
equipped with a linear temperature programmer and dual
flame ionization detectors.

Operating Conditions. The Oame ionization detector and
il\iection port.temperotures were 280 and 270°C, respectively.

(1) S. G. Hovcnkamp and J. P. Munting, J. Polym. Sci., Part A-I,
8, 679 (1970).

(2) M. Schnitzer and J. G. Desjardins, J. Gas Chromatogr., 2, 270
(1964).

(3) J. F. Klebe, H. Finkbeiner, and D. M. White, J. Amer. Chern.
Soc., 88, 3390 (1966).

(4) M. L. Kaufman, S. Friedman, and I. Wender, ANAL. CHEM.
39, 1011 (1967). . '

(5) J. R. Lindsay Smith and D. J. Waddinlllon, J. Chromatogr. 36,
145 (1968). '

(6) D. F. Wisniewski and G. C. Stalker, Petrol. RefiJler 40, 117
(I%~ .' .

(7) T, Nakagawa, H. Inoue, and K. Kuriyama, ANAL. CHEM. 33
1524 (1961). ' ,

(8) L. Ginsburg, ibid., 3t, 1822 (1959).
(9) S. Spencer and H. G. Nadeau, Ibid., 33, 1626 (1961).
(10) M. K. Witbers, J. Gas Chroma/ogr., 6, 242 (1968).
(11) B. Smitb and O. Carlasson, Acta. Chern. Seand., 17, 455

(1%3).
(12) G. G. Esposito, ANAL. CHEM., 40, 1902 (1968).
(13) G. G. Esposito and M. H. Swann, Ibid., 41, 1118 (1%9).
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Helium was used as the carrier gas at a Oow rate of 50 mllmin
measured at room temperature at the column exit. The
column temperature was held at 80°C for 3 minutes after
sample il\iection and then programmed to 265°C at 15°Imin.
A coiled stainless stecl column (6 ft, 0.125-in. o.d., 0.085-in.
i.d.) packed with 3% OV-IOI on 80-100 mesh Chromosorb
W was used. The development of the chromatogram takes
less than 20 minutes under these conditions.

A piece of aluminum foil was placed between the septum
and injection port to reduce peak interferences from degrada­
tion of the silicone surface by the pyridine/BSTFA reaction
mixture. As a precaution, unpacked glass inserts were used
in all cases to minimize interaction of the sample with the
injection port.

Chemlcals and Reagents. Bis-{trimethylsilyl)triOuoroacet­
amide (BSTFA) was obtained from Regis Chemical Com­
pany. Spectro-quality pyridine from Mallinekrodt Chemical
Company was used as the solvent. Ethylene glycol, diethyl­
ene glycol, terephthalic acid, and bibenzyl standards were all
obtainc-d in high purity from Fisher Chemical Company.
Bis-{2-hydroxyethyl)terephthalate was prepared by the trans­
esterification of dimethyl terephthalate with ethylene glycol
(mp llO 0C). Mono-{2-hydroxyethyl)terephthalate was ob­
tained by partial saponification of the BHET (mp 180°C).

The column packing, 3% aV-lOl on 80-100 mesh Chromo­
sorb W, was obtained from Pierce Chemical Company.

Procedure. An internal standard solution of bibenzyl,
2.00 mglml, was prepared. Approximately 20 mg of sample,
wcighl.-d to 0.1 mg accuracy, were placL-d in a small screw
cap septum vial, and 0.50 ml of internal standard solution and
approximately 0.50 ml of bis-{trimethylsilyl)triOuoroaeetamide
were added. The screw cap septum was then replaced and
the sample heated in an oven at 80°C for lO minutes. Two
microliters of the reaction mixture were then injected and a
chromatogram was obtained, utilizing the previously stated
conditions.

Quanlitation. Peak areas were measured using a Hewlelt­
Packard Model 3370A electronic integrator. The relative
weight responses for each compound to internal slandard
were determined from known solutions by measuring the
slope of the curves obtained when the weight ratios for each
compound were plotted DS. their respective arca ratios. The
per cent of the unknown compound present in a sample is
then expressed by the following relationship:

F X A, X WI,
%U~oo_= ~ XI~

where F is the correction faclor (l/relative weight response)
for the compound of interest (see Table I), A, is the area
ratio of the unknown peak to that of the inlernal standard,
and W" and W, are the weights of the internal standard and
sample, respectively.

Results. Conditions necessary for quantitative conversion
to the TMS derivatives were arrived at by noting the variations
in the relative peak heights when the reaction conditions were
selectively varied. A l: I mixture of pyridine and bis-{tri­
methylsilyl)triOuoroacetarnide was used in all cases to ensure
the presence of excess reagent. It was found that quantita­
tive conversion was achieved for all of the compounds when
the solutions were heated al 80 °C for 3 minutes. Without
heating, approximately 75% conversion was achieved.



Table II. Precision for Analysis of Polyester Prepolymer

Table I. Retenlion Times of TMS Derivatives Relative to
That of BiOOnzyl
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0.65
0.91
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1.55
1.44

Correc­
tion

factors

u
cel..
%

±0.2 4.1
0.01 5.1
0.08 8.2
0.3 7.7
0.5 3.4

0.28
0.73
1.00
1.25
1.45
1.63

Rela­
tiveo

reten­
tion
timeCompound

Ethylene glycol (TMSD)
Diethylene glycol (TMSD)
BiOOnzyl
Tercphthalic acid (TMSD)
Mono-(2-hydroxycthyl)tcrephthalate (TMSD)
Bis-(2-hydroxycthyl)terephthalate (TMSD)

G Values relative to bibcnzyl. RT = 9.4 min.

Ethylene glycol
Diethylene glycol
Terephthalic acid
Mono-(2-hydroxyethyl)terephthalate
Bis-(2-hydroxyethyl)terephthalate

Figure I. Typlcalehromatogram of PET
prepolymer sample

A. Pyridine and mono-(trimethylsllyl)trl·
fluoroacetamide

B. Bis-(trlmethylslJyl)trIftuoroacetamide
C. Rcagentlmpurlty
D. Ethylene glycol (IMSD)'
E. Diethylene glycol (IMSD)
F. BIOOnz)'1 (intemal standard)
G. Torephthalic add (IMSD)
H. !lfono-(2-hydroxyethyl)terephthalate

(IMSD)
J. Bis-(2-hydroxyethyl)terephthalate

(IMSD)
K. Unknnwn

II Trimethylsilyl derivative.

The quantitative aspects of the above reactions were also
studied by obtaining the infrared spectra of each compound
in pyridine before and after the addition of the TMS reagent.
In each case, the -QH stretching bands observed for the py­
ridine solutions disappeared after the TMS reagent was added
and the samples were heated for 3 minutes. In order to
ensure quantitative conversion, a ten-minute heating time was
selected for use in the procedure.

A series of solutions containing from 0.50 mg/ml to 2.00
mg/ml of ethylene glycol, diethylene glycol, terephthalic acid,
and both mono- and bis-(2-hydroxyethyl)terephthalate in
pyridine were prepared and known amounts of internal
standard were added to each. The solutions were treated
with the TMS reagent as discussed above, chromatographed,
and calibration curves constructed for each compound. A
typical chromatogram is shown in Figure I. The peaks were
identified from the retention data obtained with the known
solutions above.

Table II shows the overall precision of the method for the

Figure 2. Per cent BHET DS. healing lime for blgbIy
polymerized prepolymer sample

analysis of a prepolymer sample. For each compound, the
accuracy was established using known samples and was found
to be within the precision of the method.

DISCUSSION

Both N,O·bis-(trimethylsilyl)acetamide (BSA) and BSTFA
were initially used as silylating agents. Quantitative con­
version to the TMS derivatives was observed for each. How·
ever, chromatographic interferences from reagent and reagent
impurities with the detennination of ethylene glycol were en­
countered when using BSA. Consequently BSTFA was
selected for use in the procedure.

The correction factors used in the quantitations were
checked periodically for a month, during which time they reo
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mained essentially constant. To ensure accuracy, however,
response factors were checked weekly and, where necessary,
the sample weights for unknown samples were adjusted so that
the area ratios for each compound were within those uS<.'d for
ealibration.

As was mentioned previously, the samples analyzed con­
tained high molecular weight oligomeric polyester compounds
and, consequently, exhibitL'd various degrees of solubility
in the reaction mixture. The samples normally dissolve
completely upon heating. When cooled, the reaction mixture
becomes cloudy, apparently because of the precipitation of
the high molL'Cular weight compounds. This does not, how­
ever, appear to afTeetthe results.

In some instances the samples were highly polymerizL'd and
total solution was not possible. For such cases, longer heat-

ing times were required to extract the compounds of inlerest
from the crystal lallice of the polymeric material The time
necessary for this varied with the particular sample and was
established by plolting the per cent compound '·s. heating
time (sec Figure 2). RL'SUItS obtainL'd from samples of this
type mayor may not be accurate because of the uncertainty
of efTectively removing all the compounds from the insoluble
materials.
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Gas-Liquid Chromatography of Some Irritants at
Various Concentrations

Samuel Sass, Timothy L. Fisher, Michael J. Jascot, and John Herban

Chemical Research Laboratory, Research Laboratories, EdgeK'ood Arsenal, EdgeK'ood Arsenal, Md. 21010

THIS REPORT DESCRIBES the Bpplieation of gas-liquid chro­
matography (GLC) to the detection and quantitative analysis
of irritant compounds, some of which have been used by
military and law enforcement agencies. The compounds
used as examples in this work were a·bromobenzylnitrile
(brombenzylcyanide, CAl, o-chlorobenzalmalononitrile (CS),
and a-chloroacetophenone (CN). A previous report pub­
lished by these laboratories employed thin-layer chroma­
tography for the detection of these compounds (/). The
GLC procedures discussed here further increase the pos­
sibilities for absolute identification of these as well as
similar compounds while also allowing their quantitative
analysis from the milligram through the nanogram range.
Also included here arc methods for the assay of individual
irritant samples and for the detection of some characteristic
impurities that could represent hydrolysis or other residues
of these irritant compounds. The procedures are applicable
to the estimation of irritants as concentrated and dilute solu­
tions and when sampled directly as vapor or aerosol.

. EXPERIMENTAL

Equlpmeat and Materials. The studies described here were
performed on P &M Scientific Corp. (now a division of
H~wlell-Packard)Model.No. 810 gas chromatograph equipped
WIth thermal conductIVIty (TC), flame ionization (FI), or
electron capture (EC) detector; and a I-mY Minneapolis­
Honeywell re:0rder with a disc integrator. Injections were
performed uslDg Hamilton syringes. The column coatings
and supports were obtained from Applied Science labora­
tories, State College, Pa.. All solvents used were of CP
grade except for the SpectrlHluality hexane used in determina­
tions employing Ihe electron capture detector. The 1,10­
dibromodecane (used as the intemaJ standard) was obtained
through Eastman Organic Chemicals, Rochester, N. Y.

Irritaat SlaDdarcls. CA was purified by fractional freezing
followed by several recrystallizations from ethyl alcohol and

(I) W. D. Ludemann. M. H. Slulz. and S. sass ANAl.. C...... 41
679 (1969). " ,
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washing with cold pelroleum ether. The resultant CA pro·
duced near theoretical results by elemental analysis and
showed no detectable impurity by thin-layer chromatography
(/) and only the product peak by GLC. The purity was
better than 99.5 % and the melting point, 25°C. CS, origi­
nally of 96.5 purily (mp 93-95 0C), was recrystallized from
cyclohexane as a white solid melting at 96 °C, with a single
GLC peak and no detectable impurity by TLC (/), and with a
determined purity of 99.5%. CN, as recrystallized material,
was of beller than 98% purity based on melling point
(54.5 0C), elemental analysis, ketone determination, GLC
peak, and TLC detection.

PROCEDURES

SEMIMICRO TO MACRODETI.lWlNATlON (MILLtGRAM QUAN­

TITIES). Relative-thermal conductivity-response faClor
(RTCF) determinatiotlS were made for each irritant os. the
internal standard (1,lo-dihromodecane). Separate benzene
solutions containing 50 mg/ml of the individual irritants
were prepared along with a 50 mg/mJ solution of I,IO-di­
bromodecane. Under identical conditions, each solution
was injected in 5-1'1 increments from 5- to 50-1'1 volumes. The
respective slopes of the irritant concentration (:S. response
curves were normalized with respect to that of the 1,10­
dibromodecane. Similar solutions containing each irritant
in combination with Ihe internal standard were prepared
and analyzed. The resultant normalized slopes were identical
to those obtained with the separate solutions. Assigning
the value of 1.000 to 1,Io-dibromodecane resulted in RTCF
values of 1.030 forCA,I.\76 forCN, and 1.11 I forCS.

To determine purity, a weighed sample of irritant (CA,
CN, or CS) and a similar weight of internal standard (1,10­
dibromodecane) were placed in a 10-011 volumetric flask
and made up 10 volume with benzene to yield an agent con­
centration of about 50 mgfml. AJiquots of sample were
injected directly onto a 5.5-ft X I/.-in. o.d. borosilicate glass
column packed with 10% QF-I on 60/80 mesh Gas-Chrom Q.
A helium carrier gas-flow of 90 ml/min was used with tem­
perature-programming from 65-200 °C at6 °C/min.

M'CRODEnRMINATlON (MICllOGRAMS). To delcet irritants
(CA, CN, and CS) in microgram quantities, the chromato-



T'" I. Mcuracy 0( AIM)' Metbod for CA ud CN Uliag
WdPed M1.uar.. 0(e-~

0.0

+1.t

+0.4

-0.6

-0.7

-0.7

-1.2

+0.9

Dif­
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7­
-0.6

87.t

79.7

86.6
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Averal£:
irritant
found,

7­
87.2

Chemical assay methods previously established for the
quality control of CA and CN had entailed, essenria1Jy,
elemental analysis and pbysical methods such .. meltinll
point determination. The application of OLe to the assa)'
of these irritants and also to CS increased the specificit)'
of analysis while allowing the identification and estimation
of elutable impurities. Data obtained on prepared symbetic
mixtures of the sepamte irritants with cbanleteristic impwities
are summarized in Tables I and U.

Microdetermlnatioa. The results obtained ofa Dame ioniza­
tion detection proved this system was most userul for auaIyzing
irritants in solution concentmtions in excess of 50 I'3Jml.
The minimum quantity of irritant detectable was 2 1'& ..iIiIe
the ovemll accurney was ±2.0% at the 10- to 2O().jlg level
for all the irritants. The elution data were identical 10 those
reponed with the semimicro to rnacrodeterrnination.

Trace Determination. Results obtained ofa the electron
capture detector indicated that solutions containing CA in
quanlities as low as 0.2 jlgJm1 could be analyzed. A measure
of the precision of this system was calculated on the basis
of replicate 12.5·jll injections at the 7 jlgJml coocesurarion
level. The standard deviation thus derived ..... 2.07.. As
with most methods, the accurney of the method dedined
as the lower limit ofdetection was approached. For example.
replicate CA vapor concentmtion determinations in the 30­
35 mgJm' range showed a deviation of approximately 1.4
mgJm'; while in the 5-10 mg/m' 11lIl8". the deviation was
of Ihe order of I mg/m'. The minimum amount of CA
detectable using this method was about 4 OS (or 4 X 10-< g).
The retention time ofCA was 6.5 min with a column tempera­
ture of 130 °C.

Wciiht,
Component 7-

CA 87.8
IJcnzylcyanidc 10.4
Othc<.' 1.8
CA 79.7
u·Bromobcnzylimidobrorrriclc:' 19.0
Othc:n' 1.3
CA 87.8
a ,u·Dibromobcnzylcyanidc 10.7
Olhc:n' 1.5

4 CA 71.2 70.6
BcnzylcyarUde 8.0
a·BromobcnzylJmidol,..omidc:' 1J .3
a,u·Dibromobcnzylcyzaidc 8.5
Others' 1.0
CN 4j.6 oW.4
Acetophenone 54.4
CN 59.4
Acetophenone 40.6
CN 74.9
Acetophenone 2S. I
CN 86.2
Acetophenone t 3.8
CN 94.2 93.5
Acetophenone 5.8

10 CN 99.5 99.1 -0.4

• "Others" rerers to unidentified cootamina.nts Coaod ill tbe
samples of CA and components used.

• Bromobenzylimidobromide did not d.iuotve in Jia;aificant
quantity.

Samplc:
No.

gmph was fllted with lis dual hydroaen.t1ame lonlzallon de­
lector and employed the identical column and conditioN
as described previously for the rnacrodetermlnallon. 11Ie
hydrogcn and air·f1ow mtes were SO ml and 2SO ml{min.
respectively.

A weighed sample of irrilllnt of known purity (al delcr·
mined via internal slllndard using TC detection) was dilsolved
in solvent (benzene, chloroform, or ether) and rnade up to
volume prior to constructing a calibmtion curve. Using
this curve, Ihe irritant peak areas from the unknown samples
were measured and eXlmpolated 10 the abscissa 10 determine
Ihe agent content.

TRAcE DETERMINATION (NANOGRAMS). The gas chrornato­
gmph was filled with a tritium·source electron capture de­
tector. The identical QF-I packed column (under isolhermal
temperatures and with a carrier gas mixture comprised of
90% argon and 10% methane) was used for Ihe detection
and estimation of nanogmm quantities of the irritants. The
carrier gas flow ratc was maintained at 85 rol/min while the
detector was purged with a flow of 10 ml{min of the identical
gas mixture.

Samples and standards were prepared in spectro gmde
hexane with calibmtion performed in the mnge of 5 to SO
og of irritant. The isothennal column temperature was
150°C for CS and 130°C for CA and CN.

(2) S. Sass" al., CWLR 2396, ..Analytical Methods for CS. Part
11. Volumelrie Delennination of CS Purity" (1960), Edgewood
Arsenal, Md. internal publication.

RESULTS AND DISCUSSION

Semimicro to Macrodeterminatioa. The elution data ob­
tained for CA using the OLC system with thermal conductivity
detection showed elution times of 15 min (153 'C) for CA,
12 min (137 'C) for benzylcyanide, and 20 min (185 'C) for
I,IO-dibromodecane. A standard deviation of 1.0% was
calculated on the basis of 16 separate samples involving more
than 50 individual sample i'liections. Thc maximum range
found for a given sample was ±2.2%. As no other absolute
quantitative method was available for comparison purposes,
these values reflected only the precision of the OLC system.
However, confirmation of accuracy was obtained through
the analysis of synthetic CA samples containing weighed
amounts of added known impurities of CA including benzyl­
cyanide, a-bromobenzylimidobromidc, a,a'-dibromobenzyl­
cyanide and a combination of all of these.

For detcrmining CN purity, the system gave a standard
deviation of 1.0 % on the basis of repetitive analysis. Weighed
mixtures of I,IO-dibromodecane, CN, and acetophenone
were dissolved in benzene or chloroform and aliquots of
these were analyzed by OLe. A mnge of SO to 99.5 % CN
purity was simulated in this test. Under conditions of the
prescribed procedure, CN eluted al 14.5 min at 149 'c
while acetophenone eluted in 9 min atl19 'C.

The determination of CS purity using this method showed a
standard deviation for accumcy and precision of 1%, based
on both the inherent system and on comparison with a
macrovolumelric method (2). For this study, a batch of
CS (96.5%), recrystallized product (99.9% from cydohexane),
and mixtures with impurities were used. Since prepared
mixtures of CS with o-chlorobenzaldehyde and malononitrile
could, on solution, produce some additional CS, the effect
of analysis on one or the other of these two intermediates
was simulated. Tested mixlures represented CS in purities
from SO to 99.9 %. With this procedure CS elutes in 22
min at 193 'c, malononitrile in 7 min at 101 'c, and 0­

chlorobenzaldchyde in 7.5 min atllO 'C.
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Sample
es, recrystallized
CS, production lot

I

4

Table II. Accuracy of Assay Method for CS UsIDg Known Mixturea of Compoaealll
and Comparison with Macro-Volumetric Method

Difference of
CS found OLC from

Component Macro-Volumetric Weighed
Component mixture weight, % OLe, % Method, %. Mixture, %l

CS 99.9 99.S 99.9 -0.4
CS 96.S 95.9 96.S -0.6
CS S4.9 8S.3'
Malononitrilc 23.7
o-Chlorobcnmldehyde 21.4
CS 88.S 89.4 89.4 +0.9
MalononitriJe 1l.5
CS 63.7 64.0 62.8 +0.3
MalononitriIc 36.3
CS 76.0 76.8 7S.S +0.8
o-ChlorobcnzaJdehyde 24.0
CS 49.9 48.9 SO.S -1.0
o-Chlorobcnmldehyde SO.I

• The standard deviation of the macro-volumetic method (2) is 0.7%.
• For CS with no additive, the purity value is assumed that of the macro-volumetric method.
~ The total calculated quantity of CS present, if other components reacted )00% to form additional CS, is 86.3%.

For CN, a standard deviation of 2% at the 9O-ng level
was derived, based on injections of 7 pi of a 12.5 pgfml CN
solution. Replicate CN vapor determinations in the 5 to
100mgJm' range resulted in a deviation of 0.5 mgfm'. The
minimum amount of CN detectable using this method was
about 0.2 ng (or 2 X 10-10 g) and the retention time was
6.0 min at a colwnn temperature of I30 ·C.

For CS, the system also indicated a standard deviation
of 2% at the 80-ng level from injections of 8 pi of 10 pg/ml
CS solution. Replicated CS vapor determinations in the
5 to Io-mgfm' range resulted in a deviation of 0.4 mgfm'.
The minimum amount detectable, using this method, was
about 0.1 ng. The retention time for c:s (column tempera·
ture - 150 OC) was 12 min.

Minimum vapor concentrations detectable for each of
the agents, using this procedure, are: CA, 0.4 mgfm';
CN, 0.02 m8lm'; and CS, 0.01 m8lm'. These values were
determined with Io-mi vapor samples. It was demonstrated
that cloth, soil, water, or other media could be "sniffed"
for these compounds Dia syringe or other gas sampling
apparatus, provicling the vapor concentration was above
these detection thresholds. Most of the problem in vapor
sampling appeared to be due to heterogeneity of sample
resulting frbm irritant condensation on the walls of the gas­
tight syringe. This .could be precluded by using a heated
syringe. Measurements of CA and CN vapor, using GLC,
were actually used in determining the volatilities of these
compounds at various temperatures (3). (In an associated
study, it was found possible to analyze both solution and
vapor samples of ethyl bromoaeetate using the basic EC
procedure given for the· other irritants.. As little as O. I ng
of the compound could be detected as a small peak eluting
at 4.8 min, using an isothermal column temperature of 60 ·C.)

The systems for "macro"· to trace analysis of CA, CN, and
c:s were designed to fit the most difficult of the three com­
pounds, namely CA. The compound was known to pyrolize
readily in the presence of metals to form stilbene types
and a variety of other products. To preclude metal-<:atalyzed

(3) 1.1. Martin, S. Sass, ., al., EATR 4086, "Soil Stability of CA
and CN. Analytical Methods for Trace Quantities of the
Agents" (1967), Ed8ewood Arsenal, Md., internal publication.
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decomposition, all-glass systems were used wherever possible.
Diluted solutions of the compound showed less of this
effect. Samples ir\iected Dia syringe (containing a metal
needle) were retained in the syringe for only a minimum of
time. With eleetron-<:apture, reducing the detector tem­
perature from 220 to 160 ·C increased the maximum sen­
sitivity time from a week to greater than two months. When
sluggishness was noted, periodic nushing of the column
and/or detector with methanol restored the sharpness of
peaks and also detector sensitivity. CN and c:s showed
far less thermolability in the presence of metals.

A number of column coatings were tested for satisfactory
elution of CA. These included SE-30 (methylsilicone gum
rubber), DC-2oo silicone oil, and QF-I (trinuoropropyl­
methyl silicone nuid). None of these coatings eluted dibromo­
benzylcyanide or the bromobenzylimidobromide present in
CA samples. Benzylcyanide, however, was eluted in all
cases just prior to the CA peak. QF-I was selected as the
coating giving the cleanest separation and peaks.

Direct calibration with CA was discarded as CA of near
100% purity would be difficult to keep on hand for long
periods of time.

The internal standard procedure of calibration required
high purity CA only during the initial relative-thermal con­
ductivity-response factor (RTCF) determinations. I,W-Di­
bromodecane was chosen ns the internal standard for several
reasons: it eluted close to CA but in an area free of peaks
characteristic of CA impurities; it was a stable compound
available in high purity or readily purified; and it also was a
halogenated compound and did not react with constituents
of the CA samples.

Unlike CA, CN and c:s were compatible with metal col­
umns, ir\iection port vaporization, and with Apiezon-N and
DC-LSX-3-Q295 (trinuoropropyl-vinyl-methyl silicone gum
polymer) coatings. However, since a more universally ap­
plicable procedure was desired, the method developed for
CA, including the internal standard, was applied to the
other irritants.

REcEIVED for review August 26, 1970. Accepted November
10,1970.



Suppression of Interferences by Sodium Sulfate in Trace
Chromium Analyses by Atomic Absorption Spectrometry

J. A. Hurlbut and C. D. Chriswell

Department of Chemislry. Metropalitan State College, Denver, Colo. 80204

CHROMIUM ANALYSES arc frequently performed by atomic ab­
sorption spectrometry, and a large number of clements arc
known to interfere with these analyses. The principal reported
interferences arc Ni, Ag, Co, Fe, Mn, AI, W, and Ti (1-4). In
some cases these interferences can be overcome by duplicating
the sample matrix in calibration samples (4), by using the
method of standard additions (4), by using an oxidizing, air­
acetylene flame (4, 5), by using a nitrous oxide-acetylene flame
(4,5), or by using an interference suppressor such as NH.Cl
(4, 6, 7), SrCI, (1), laC!, (8), K,s,O. (2), or K,s,o, (9). The
use of these chemical suppression agents appcars to be the
most common method of overcoming interferences; however.
these suppression agents do not work on all interferences, and
reports of their usage arc limited and scattered throughout the
literature. The presence of I to 2% NH.CI is known to re­
duce the depressant effect of Fe on the absorption of Cr at
3579 A (6, 7), and more recently, both K,s,O, (9) and 1%
K,S,O. (2) were found to suppress the interferences caused by
AI, Fe, and Ti. The addition of laC!, (8) was found to over­
come interfering phosphate and AI, and SrCI, (1, 6) has been
USl'd to mask the interferences caused by low concentrations of
various substances.

Work in this laboratory has led to the usc of a new wide
range interference suppressor and absorption enhancer for Cr
analyses. This new suppressing agent is Na~041 and the
purpose of this study is to report and to demonstrate the effec­
tiveness of Na2SO.. in lrace Cr analyses. The effectiveness of
1% Na,SO, against relatively large amounts of many interfer­
ing substances will be compared to that of other suppressing
agents.

EXPERIMENTAL

Apparatus and Instrumental Parameters. A Perkin-Elmer
Model 303 atomic absorption spectrophotometer equipped
with a Cr hollow cathode lamp and a single SIOI burner utiliz­
ing an air-acetylene flame was used to obtain the experimental
data. The air-aeelylene ratio was set at 7.5: 10, and the
fuel flow was then adjusted for maximum absorplion using
a standard containing only 10.0 ppm Cr for all runs except for
those runs noted in the discussion. The air-fuel ratio was
in terms of arbitrary flow units which were governcd by the
standard regulator supplied with the instrument. A wave­
length of 3579 A was used. No attempl was made to mini­
mize interferenccs by instrument adjustment. and new calibra·

(1) M. A. Biancifiori, C. Bordonali, and G. Bcsazza, Chim. Illt/.
(Milall), SO, 423 (1968).

(2) B. B. Elrod and J. B. Ezell, At. Absorptioll Newslell., g, 40
(1969).

(3) P. J. Belling, E;jJIaellt Waler Treat. J., 9, 314 (1969).
(4) "Analytical Methods for Atomic Absorption Spectrophotom­

etry," Perkin·Elmer Corp., Norwalk, Conn., 1968, pp 1-24, Cr
l-er 6.

(5) Walter Slavin, "Atomic Absorption Spectroscopy." Interscience
Publishers, New York, N. Y., 1968, P 97.

(6) W. J. Pricc and P. A. Cooke, Spectrooisioll, 18, 2 (1967).
(7) Lucien Barnes, Jr., ANAL. CftEM., 38, 1083 (1966).
(8) A. M. Tenny, IlUtrum. News, 18, 14 (1967).
(9) Y. Endo, T. Hata, and Y. Nakahara, Bwueki Kagaka, 18, 833

(1969).

Table I. Recovery' of 10.0 ppm of Cr from Mixtures
Containing Acids and Bases, Both in the Preseoce of and

in the Absenc:e of Either 1% NH.O or 1% Na,sO.
Cr recovered, ppm

With no With 1% With 1%
Contaminant masking NH.O Na,so4,

present agent added' added" added"
O. 10M HNO. 10.2 10.1 10.2
I.OM HNO. 10.2 9.9 10.0
O.IOM HCl 10.3 10.1 10.1
1.0M HCl 10.1 10.1 9.4
O. 10M H,sO. g.3 10.0 10.2
1.0M H,sO. 8.4 8.6 9.2
O.IOM H.PO. 9.8 9.3 9.8
1.0MH.PO. 7.9 7.7 7.6
O.IOM HC10. 10.3 10.1 9.9
1. OM HC10, 10.2 8.7 9.S
O.IOM NH.OH 9.6 10.1 10.0
I.OM NH.OH 9.0 10.3 10.2
O. 10M NaOH 10.4 9.8 10.1
1.0M NaOH 9.9 9.4 8.3

• Any deviation from 10.0 ppm of Cr by more than ±0.3 ppm
was considered to be due to interferences. and all values are based
on at least three determinations.

• Values obtained from a calibration curve made by utilizing
standard solutions cont.aining only K,CrsOr.

c Values obtained from a calibration curve made by utilizing
standard solutions containing K:tCr~ and 1% NH4,CL

4 Values obt.ained from a calibration curve made by utilizing
standard solutions containing K,Cr~ and 1% NatS04,.

tion curves werc prepared for every separate run in order to
help minimize experimental deviations.

Reagents. A stock solution containing 100 ppm of Cr
was made from a standard stock solution containing 1.414
g of dry primary standard K,cr,o, in 500 mlofwaler. Dilute
standard solutions were freshly made hefore use and were
used for preparing the calibration curves and for preparing
the test solutions. These test solutions always contained
either no suppressing agent or 1% (w/v) of a suppressing
agent. The suppressing agents, Na,sO., Na,sO., K,sO.,
K,S,O., and NH.CI, were reagent grade chemicals. The
compounds used for preparing the stock, interference ,?Iu­
tions arc given in the footnotes to Table U, and stock solutions
containing ooסס1 ppm of each interference w~re prepared..

RESULTS AND DISCUSSION

The presence of small amounts of Na,sO"in a Cr sample
was found to enhance the absorption at 3579 A. For example,
when an air-acetylene ratio of about 7.5: 10 was used, the
presence of 100 to ooסס2 ppm of Na,sO. increased the absorp­
tion signal at lenst 10%. When an air-acetylene ratio of
about 7.5:14 was used in the presence of Na,sO., then the
signal was enhanced at lenst 100%, but the noise level was also
increased; so. this rich mixture was not used. Ammonium
chloride, K,s,O., K,sO., and Na,sO. also enhanced the
absorption. Because of this interference it was necessary to
prepare several calibration curves as given in the footnotes to
the lables. These absorption-eonoentration curves passed
through the origin and were linear up to 13 ppm of Cr. CaIi-
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Table U. Rerovery· of 10.0 ppm of Cr from Mixtures
Cootaining 1000 ppm Contaminant Bolb in !be Presence of

and in lbe Absence of Eilber 1% NH.O or 1 % Na,sO.
Cr recoyered, ppm

Contaminant With no With I % With 1%
present 8t mask.ing NH.Cl NasSe.
1000 ppm· agent added f added- added-

Na 10.0 10.0 10.0
K 10.0 10.0 10.1
Mg 8.9 8.3 6.5
Ca 9.9 9.8 9.31

Ba 7.91 7.61 10.0/ .•
Ti 6.3' 7.1' 9.8'
Mo 8.9 10.0 10.0
W 10.6 10.0 10.1
Mn 7.2 10.0 9.9
Fe 2.8; 10.2; 10.1;
Co 3 9.1 10.0
Ni 3.7 9.0 9.7
Cu 8.9 10.1 10.0
Ag 5.91 10.0' 9.91
Zn 9.8 10.0 10.0
Cd 11.1 10.5 10.1
Hg 9.5; 9.4; 10.1;
AI 9.1; 9.1' 9.9;
Si 10.2 8.61 10.2
Pb 10.11 9.81 9.8'·'
Bi 10.71 10.01 10.01
~ IO.~ IO~ IO.~

• Any deviation from 10.0 ppm Cr by more than ±O.3 ppm was
considered to be due to interferences, and all values are based on 8t
least three determinations.

• AU added contaminants were present as the nitrate salts except
for the following. Titanium tetrachloride was the source of Ti;
(NHt).Mo,Ow4H,O was the source for Mo; Ns,WO.,2H,O was
the source of Wi and NesSiO,· SHtO was the source for Si.
Mercury, Mo, Fe, and Cc were in the +2, +2, +3, and +3 oxida.
tion states, respectively.

(Values oblained from 8 calibration curve made by utilizing
standard solutions containing only K,CrlOt.

4Values obtained from a calibration curve made by utilizing
standard solutions containing K,CrsO, and 1% NH.CI.

, Values obUlined from a calibration curve made by utilizing
standard solutions containjng K,Cr,Or and J% Na,sO•.

I The solution was LOM in HNO,.
, Barium sulfate precipitated.
A The solution was O.IOM in Hel.
• The solution was O.10M in HNO,.
j The; solution was 1.0M in NH.OH.
• Lead sulfate precipitated.

bmtion curves made from Cr(lll) appeared to be identical to
those made from Cr(Vl).

Since ma;'y Cr analyses are performed in the presence of
acids or in some cases in the presence of bases, it was desirable
to first determine the effects of ndds and bases upon the Cr
absorption. Table I summarizes this data. Of the seven
compounds tested at a eoncenlmtion of I.OM. three of them.
HaPO., H,sO., and NH.OH, were found to interfere with the
absorption by Cr. The presence of f% Na,sO, corrected this
interference in the~ bf NH,OH, but the solutions which
contained 1% Na,sO, and which were l.OM in either HCI,
HCIO" H.PO., H,SO., or NaOH gave low absorption values.
Solutions which contained r% NH.CI and which were 1.0Min
either HCIO" HaPO.. H,sO, or 'NaOH also suffered from
interferences; however, solutions which contained either! %
NH.CI or 1% Na,sO,and which were O.IOM in either HNO.,
HCI, H,sO" HCIO.. NH,OH or NaOH gave satisfactory
absorption values.

Table U summarizes the effects of 1000 ppm of various
contaminants upon the absorption by 10.0 ppm of Cr.
Changes in the instrument settings, such as a chaoge in the air-
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Table m. Rero,·ery· of 10.0 ppm of Cr from Mixtures
ContainIng 1000 ppm Each of Mo, Mn, Fe, Co, NI, Cu, AI,

and Cd Bolb in lbe Presence of sod in lbe Absence of
Masking Agents

Masking agent present· Cr recovered, ppm'·4
None 6.3
1% Na,sO, 10.0
1% Na,sO. 9.3
I%K,sO. 8.2
1% K,s,O. 7.7
1% NH.C1 7.1

.. Any deviation from 10.0 ppm Cr by more than ±O.3 ppm was
considered to tx due to interferences, and all values arc based on at
least three determinations.

• The solutions were O.IOAf in HNO,.
, Values obtained from calibration curves made by utilizing

standard solutions containing K,Cr,o, and 1% of the indicated
masking agent.

4These solutions had to be analyzed shortly after preparation
because of the slow formation of a precipitate.

acetylene ratio, caust..-d changes in the dcgrce of interference in
some cases. For example, Al was an absorption depressant
when an air-acetylene mtio of about 7.5: 10 was used. but it
was an absorption enhancer when an air-acetylene ratio of
about 7.5:14 was used. Also, slightly different resulis were
sometimes obtained when the chloride form of the contami­
nant was used in place of the nitrate form; so, only the nitrate
salts were used.

Of the twenty-two contaminants added at a concentration of
1000 ppm each, sixteen of them, Mg, Sa, Ti, Mo, W, Mn, Fe,
Co. Ni, Cu, Ag. Cd. Hg. AI,\li, and Ce, interfered with the ab­
sorption by Cr. When the same contaminants were in the pres­
ence of I % NH.CI. nine of them, Mg, \la, Ti, Co, Ni, Cd. Hg,
AI, and Cc, still interfered; and, in addition, Si now intcrfered.
One per cent NH.CI efTt.."Clively suppressed the interferences
caused by !OOO ppm of Mo, W. Mn. Fe. Cu, Ag. and \li.
When the contaminants were in the presence of 1% Na,SO.,
only Mg still inlerfered. and a 7% interference in the sample
containing Ca appeared; howevcr, this interference in the
sample that contnined 1000 ppm of Ca and 1% Na,SO. dis­
appeared when the Ca concenlration was reduced to 500 ppm.
One hundred ppm ofMgstill caused at least a 20% depression
in the absorption, both in the presence of and in the absence of
the masking agents. One per cent Na,SO. effectively sup­
pressed the interferences caused by 1000 ppm each of \la, Ti.
Mo, W, Mn, Fe, Co, Ni, Cu, Ag, Cd, Hg. AI. Hi, and Ceo

Solutions which contained 10.0 ppm of Cr along with !OOO
ppm each of eight species present in the same solution, which
interfered with the Cr analyses, were analyzed both in the
absence of and in the presence of various masking agenls.
Table III summarizes Ihis data. This combination of con­
taminants produced a 37 % depression in the absorption in the
absence of a suppressing agent, a 29% depression in the
presence of 1% NH,C1, a 23% depression in the presence
of 1% K,s,O•• and no depression in the presence of
1% Na,sO,. These resulis demonstrate that the addition of
1% Na,SO, to samples to be analyzed for Cr will eliminate
the effects caused by large amounts of known contaminants.

Ammonium chloride and K,s,o. are probably two of the
more effective suppressing agents for Cr analyses. but they are
not as effective as Na,sO.. The data in Table HI also shows
that Na,SO. and K,SO, are interference suppressors, but they
100 arc not as effective as Na2SO•.

REcEtVED for review September 22. 1970. Accepted No­
veml>er23,1970.



Separation of Perrhenate, Molybdate, and
Selenite Ions on Silica Gel

Alan M. Phipps'

Raytheon Co. MPT Dlolslon, Waltham, Mass.

THE INCREASED USE of alloys containing molybdenum and
rhenium in the electronics and other industries over the past
few years has magnified the need for a simple aod rapid
identification of rhenium in a variely of materials. Molyb.
dcnum interferes with virtually all methods for the qualitative
or quantitative estimation of rhenium and 8 prior separation
is therefore essenlial.

Several liquid-liquid extraction and anion exchange
chromatographic procedures have been described [e.g.,
(1-6)). In general, these techniques are rather time-con­
suming, in some cases extremely so. The application of
paper chromatography has not been panicularly promising as
a rapid technique. According to data reported by Ossicini
(7), the separation of MoO,'- from ReO,- is possible in
nitric acid using an anion exchange resin impregnated paper.
Chang and Yang (8) reported a separation using paper im­
pregnated with tributylphosphate. Separation on untreated
paper after a nine-hour development with saturated aqueous
sodium chloride was described by Duca et al. (9). The
laller authors indicate that the solvent system butanol-HBr
gives a poor separation although the data of Lederer and Bag­
Iiand (/0) indicatcs that a separation is possible on Whatman
No. 3MM paper using butanol-hydrochloric or perchloric
acid mixtures.

We have found olde Infra that a wide separation between
rhenium and molybdenum is rapidly obtained on silica gel
coated polyester sheels with methanolic solvcnts. Because a
useful separation is not observed with this solvent on silica
gel-coatcd glass plates, we have undertaken an investigation
of the influence of solvent composition on the R, values of
the anions: ReO.-, SeOa2-, and MoO., 2- on silica gel.

EXPERIMENTAL

Rhenium solutions were prepared from the spectrographi.
cally standardized metal obtained from Johnson Mallhey Co.
The other reagents used were analytical grade. Solutions of
the oxyanions were prepared by dissolving the metals in a
minimum amount of concentrated nitric acid and diluting
to a volume giving a concenlration of I mgfml for rhenium
and molybdenum and 2 mg{ml for selenium.

ACS Reagent grade solvents and acids were used. The
influence of acid concentration on R, was studied primarily
with methanol solutions containing 10 grams of water per

1 Present address to which correspondence should be sent. l1le:
Gillette Co., Toiletries Division, So. Boston, Mass. 02106

(I) S. Tribalat, Anal. Chim. Ac/a. 3, 113 (1949).
(2) Y. A. Bakovskig, A. F. lyevinsh, and E. A. Luksba, Zh. Anal.

Khim., 14, 714 (1959).
(3) R. J. Meyer and C. L. Rulfs, ANAL. CHEM., Z7, 1387 (1955).
(4) H. Hamaguchi, K. Kawabuchi, and R. Kuroda Ibid., 36, 1654

(1964).
(5) V. W. Meloche and A. F. Preuss, Ibid., Z6, 1911 (1954).
(6) J. Korkisch and F. Feik Anal. Chim. Ac/a, 37, 364 (1967).
(7) L. Ossicini, J. Chroma/ogr., 17,625 (1965).
(8) C. Chang and H. Yang, Chem. AbslT., 63, 7634d (1965).
(9) A. Ducs, D. Stanescu, and M. Puscasu, Reo. Roum. Chim., 11,

839 (1966).
(10) M. Lederer and G. Bagliand, Rk. Sci., 36, 51 (1966).

100 mI. The acid concentration was varied by appropriate
combination of water and concentrated acid, and in the case
of hydrochloric acid, with anhydrous hydrogen chloride gas.
Other solvent systems were employed as noted under results
and discussion.

Ascending thin·layer chromatograms with 10.0 ± 0.5 an
solvent travel were obtained on "Chromagram" silica gel
sheets (Eastman No. 6061; polyvinyl alcohol binder, no
indicator), Whatman No. I chromatographic paper, and
glass plates coated according 10 standard procedures with
250 mIL layers of silica gel G, silica gel H, and silica gel H
containing 57. polyvinyl alcohol. These materials Wl:R

allowed to equilibrate in air at approximately 707. relative
humidity before being placed in 12-an i.d. cylindricaJ tanks
previously equilibrated with the developing solvent. In the
interests of relative uniformity, the three ions were developed
at the same time on a single sheet at each acid concentration
used. After development, the spots, containing 0.OOH).002
mg of the metal, were identified by spraying with a I : I mixture
(prepared fresh daily) of 107. aqueous KSCN and 107. sne..
in 1M HCI. A red-orange spot is obtained for See.>-, red
for MoO.'- and yellow for ReO.-. The sca.>- is reduced
to metalic selenium, the reactions of MoO.'- and ReO.- form
the basis of standard colorimetric methods for these com·
pounds (see Ref. II).

The partition column was prepared from water·washed
100-200 mesh desiccant silica gel (Davison No. 923) and
rinsed exhaustively with the eluting SOIVCDt. Fractions of
the eluent 1.0-4.0 mI, were diluted with methanol and the
rhenium and molybdenum concentrations determined colori­
metrically with a Beckman model B spectrophotometer using
the methods described by Sandell (I I).

RESULTS AND DISCUSSION

R, values obtained for the perthenate, molybdate, and
selenite ions as a function of acid concentration in a solution
of approximately constant methanol-water ratio are shDwn
in Figutes I and 2, respectively. A well-defined spot for
selenium could not be obtained in the absence of acid. The
R, values of MoO.'- and ReO,- continue to decrease beyond
the 4M HCllimit of Figure I. Values iD the vicinity of 0.3
were observed for alllhree anions at 5M HCl but the spots
were of poor quality.

Maxima of the type exhibited by ReO.- and MoO.>- have
been reported for ascending paper chromatography of severaJ
cations using a melhanol-aqueous HQ developer (12, 13).

The reason for Ihe large difference in the R, values of
MoO,>- and ReO.- at low acid concentration is nol imme­
diately apPBrent. The cation exchange cbaracteristics of
silica gel would not be expected to influence the separation of
these anions. R, values in the range 0.7-0.8 for MoO.>- and
ReO.- have been reponed on cation exchange impregnated
paper with aqueous HNO. (7). A partition mechanism is

(II) E. B. Sandell "Colorimetric Determination of Tl1lCCS of
Metals," 2nd ed., Intersciencc, New York, N. Y., 1950.

(12) T. Oncescu and D. Zugraveseu Reo. Roum. Chim., 9, 131
(1964).

(13) T. Nascutiu,lbid., p 273.
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Figure 2. Dependence of R, 00 conceotration of HNO,
in methanol-water

6. ReO.-; 0 SeO, I -; 0 MoO.l-

FiIw'e 3. E1ut1oa of anioas from a 106-200 meob silica
gel colUDID "ilb I-butanol 0.6M In HCI and saturated
wilb ",0

5-10 mI RoO.-; 15-35 mI MnO.'-

suggested by the fact that very elongated spots showing
little or no separation were observed for the entirely
aqueous HCI and HNO, systems and for the anhydrous
methanol-HCI system on oven dried sheets. In addition,
development with a solution of I-butanol 0.6M in HCl and
saturated with water gives essentially the same separation as
indicated in Figure I. Use ofthe higher alcohols substantially
inaeases the development· time. A )(}-cm solvent travel
on the Chromagram sheet for an alcoholic solution 0.6M in
HCI and containing 10 grams H,o per 100 mI required 55
minutes with methanol, 135 min with ethanol, and 185 min
with I-butanol.

This wide separation of R, values was observed only on the
Chromagram sheets. Usina the technique described above,
ll1ass plates coated with silica gel G, silica gel H, or silica gel H
with S% polyvinyl alcohol and Whatman No. I chromato-

••!--,L_~L__,.. --,ro--=='lr---~

MilliLITERS

graphic paper gave R, values for ReO.- and Seo,'- which
were approximately the same as those shown in Figures 1 and
2. The R, value for MoO.'- however, was only 0.1 unit or
less lower than the R, valuc for ReO.- in all cases. The
binder and suppon contained in the "Chromagram" sheets
are generally assumed to have no effect on the adsorbant.
We have found that approximately the same R, values are
observed on these sheets as on coated glass plates for a
variety of inorganic anions following handbook procedures,
including the halides, chromate, arsenite, and several oxy­
anions of sulfur.

Use of Chromagram silica gel sheets developed with meth­
anol 0.6M in HCI containing 10 grams of H,O per 100 ml
has been found useful for the rapid identification of rhenium
in alloys containing molybdenum and/or tungsten. A de­
velopment of 20-25 min on 4-inch strips is adequate. The
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tUllllSten remains at the point of origin at aU acid concentra·
tions and is identified as a blue spot with the same SnCl,­
KSCN reagent.

We have applied this method to the routine identification
of rhenium in molybdenum-rhenium alloys containing 2(}­
SO % Re, and tungsten-rhenium alloys containing 3% Re.
Prepared mixtures indicate that all four elements discussed
here are readily identifiable in one solution containing as
lillie as 1% Re. An amount of sample sufficient to provide
0.001-0.002 mg per spot ofeach element is a convenient work·
ing range but a factor of ten less material is detectable.

In expanding the rhenium-molybdenum aeparatioo to
milligram amounts, it was impoosib!e to oblain a good tepa­

ration with rnethanol-HCl or HNO, eluent on a reasonably
short column. Using I.butanol, 0.6M in HCl and saturated
with water as eluent, a separation of 10 mg of rhenium from
10 mg of molybdenum was obtained on a 15 X 1 em column
at a /low rate of0.4 mI crrr' min-' (FillUre 3).

REcEIVED for review May 14, 1970. Ae<:epted November 3,
1970.

Fluorometric Determination of Submicrogram
Quantities of Zirconium
T. D. Filer
Health Seroices Laboratory, U.S. Atomic Energy Commission, ldDho Fall" ldDho

FLUOROMETRIC METHODS for the determination of zirconium
have becn developed using flavonol (I), morin (2), quercetin
(3), datiscin (4), and calcein blue (5) as reagents. AU methods
show good sensitivity for the detection of submicrogram
quantities of zirconium. All methods also consider inter·
ferences due to fluorescent complexes formed by the reagent
and foreign ions. However, the flavonol procedure requires
a timc.-eonsuming electrolysis in a Melaven cell to remove
trace quantities of iron and other heavy metals which are
serious negative interferences. Morin forms fluorescent
complexes with aluminum, gallium, thorium, uranium, tin,
and antimony in addition to zirconium. Therefore, zir­
conium must be determined by difference in the presence of
these interferences by repeating the measurement after the
addition of a masking agent for zirconium which docs not ar­
fectthe others.

The quercetin method requires an extraction with 2-thenoyl·
triftuoroacetone to avoid milligram quantities of common
interferences such as iron, vanadium, and titanium. Micro­
gram quantities of iron, molybdenum, titanium, and thorium
are serious interferences in the datiscin procedure. The
ca\cein blue method is more sensitive than any other zir­
conium procedure but suffers from a lack of selectivity and
common elements such as silver, aluminum, bismuth, cad­
mium, copper, iron, molybdenum, manganese, nickel, lead,
thorium, and arsenic interfere seriously. None of these
procedures employs a pyrosulfate fusion as a method of sam­
ple decomposition and, therefore, cannot ensure that the
highly refrectory compounds of zirconium are converted to
ionic forms suitable for complexation with the flavone.

The present method using 3,4',7-trihydroxyflavone as the
fluorometric reagent is no more sensitive to zirconium than
the other compounds, but the fluorescence is measured in a

(I) W. C. Alford, L. Shapiro, and C. E. White, ANAL. CHEM., 23,
1149(1951).

(2) R. A. Geiser and E. B. Sandell, Anal. Clwn. Arra., 16, 346
(1957).

(3) D. M. Hercules, Talanta, 8, 485 (1961).
(4) A. P. Golovina, I. P. Alimann, E. A. Bozhevol'nov, and L. B.

Asasyan. Zh. Anal. Khlm.• 17, 591 (1962).
(5) R. V. Hems, G. F. Kirkhrisht, and T. S. West, ANAL. Cltw.,

41, 784(1970).

sulfuric acid solution which permits use of pyrosulfate fusion
as the method of sample dissolution. However, the greatest
advantage of the present procedure is that many of the com·
mon elements associated with zirconium alloys and ores do
not interfere in milligram quantities, thus malcing the direct
determination of zirconium possible.

EXPERIMENTAL

Apparatus. The instrumentation used was a Beckman DU
spectrophotometer with a fluorescence accessory modified as
described (6). A combination of Corning Filters with color
specification Nos. 0·51 and 7·51 having over 1% traosminance
between 360 and 435 om with a maximum of40% was used for
the primary. A combination of Corning Filters with color
specification Nos. 3·2 and 5-S6 having over I % transmittance
between 440 and 590 nm with a maximum transminance of
59% was used for the secondary. A tuogsten source was
used in the present work, but a medium pressure mercury
lamp can be used with the same filter combinations with
similar results.

Reagents. STANDARD ZIRCONIUM SoLlmONS, 1 mgfml
and 5 I'gJml. Fuse 1.3S08 grams of high purity zirconium
dioxide with 5 grams of anhydrous sodium sulfate and 3 ml of
concentrated sulfuric acid in a 2~ml Erlenmeyer flask.
Cool the melt, add 10 ml of concentrated sulfuric acid, 100
ml of water, and dissolve the melt with cooling. Dilute to 1
liter. Dilute 5.00 ml of the stock solution and 10 ml of
concentrated sulfuric acid to I liter. The solutions contain
I mgJml and 5 I'gJmI of zirconium, respectively.

SoDlIIM SULFAn IN SULFUIUC ACID, 10%. Dissolve 10
grams of anhydrous sodium sulfate in 100 ml of concentrated
sulfuric acid with heating as required. Cool and store in a
glass·stoppered borosilicate glass bollie.

SULFURIC ACID SoLI!TION, O.5M. Dissolve 5.0 grams of
sulfamic acid and 14.0 ml of concentrated sulfuric acid in
enough water to make SOD mI ofsolution. Cool and store in a
glass·stoppered borosilicate glass bottle.

3,4',7.TRDlYDROXYFLAVONE SoLunoN, 6.75 X Ilr'%­
The preparation of the flavone bas been described (7-9).

(6) C. W.SillandC. P. Willis, ANAL. aw..,31, 598 (t959).
(7) D. G. Roux and G. C. deBruyn, Bioc.¥m.J., 87,439 (t963).
(8) Katsuzo Vamasuchi, Nippon Kaguka ZtwlIJ, U63 148.
(9) Z. 1. Jemnanowsb and M. Michabka, Roa. 0-.., 35, 153

(t961).

ANALYTICAL CHEMISTRY, VOL 43, NO.3, MARCH 1911 • 48



100,---,---.,---,---,---;,

-l-_0--0--0--0_-0--0-0
o

2
0 __0 __0 __1 ._---0-

o-_.__.__._~__.__.__.__,
20

'0

00

.0

100

30

..
z '0
C..
'"a: 60

....
Z

~ ~o

::>
a:
.... 40

'"~

"o,--.,-----r------,.----,.----,

1/-0

-

0

1>_--0----
II 0---/ .~

10

20

00

'0

.. '0z
C
.. 50...
a:

~ !lO...
:0
~ 40....
'"~ '0

°0 3 6 , 12 I'

3,4',7- TRIHYOROXYFLAVONE CONCENTRATION (XI0
4
%)

Figure I, Effect of 3,4',7-trihydroxyflavone concentration

I. Blank
2. 5-i'll Z1: 5tandard
3. 5-i'll Z1: standard corrected for b1allk

Transfer 6.75 mg to a loo-ml volumetric flask and dilute to
volume with 95 %ethanol.

Procedure. The procedure given below for preparation
and measurement of the fluorescence i. that used in the de­
velopment of the procedure using purc zirconium solutions.
It i. also to be followed when zirconium has been separated
and can be obtained in concentrated sulfuric aeid frcc of inter­
fering elements. However, many applications of this pro­
cedure can be made without separations, provided the sample
size is chosen so that the heavy metal content does not exceed
the permissible levels described below.

Place the zirconium standard or other zirconium solution
into a loo-ml beaker. Add 2 drops of 72% perchloric acid,
1 ml of 10% sodium sulfate in sulfuric acid, and evaporate the
solution carefuUy to dryness on an asbestos-covered hot plate.
Heat lintil all the sulfuric acid including that condensed on
the beaker walls has been volatilized and fuming has ceased.

Cool the sodium acid sulfate residue, add 2 ml of water, and
3 drops of 25 % hydroxylammonium sulfatc. Covcr the
beaker with a watch glass and boil the solution until the vol­
ume has been reduced to about 0.5 ml. Remove the cover
glass and rinse with a few drops of water. Add 15.00 ml of
the sulfuric acid solution and transfer the solution quantita­
tively to a 25·ml volumetric flask. Add 1.00 ml of 3,4',7­
trihydroxyflavone solutioo, mix, aod dilute \0 volume. Mix
thoroughly and place in a constant-temperature bath at 25°C
for 20 minutes. Measure the nuorescence using the tech­
nique described previously (6, 10). Permanent glass standards
(6) can be used to reproduce the same instrumental sensitivity
from day to day. .

Place I ml of water for a blank and I ml of the 5-l'gJml
standard zirconium solution in separate loo-ml beakers, add
1 drop of 72% perchloric acid and 1 ml of the sulfuric acid­
sodium sulfate solution. Evaponite carefully to dryness on
an asbestos-covcred hot plate until evolution of sulfuric acid
fumes has ceased, and treat as described above. Substract
the blank from the standard and express the sensitivity as
microgram zirconium per net scale division. Correct the

(10) c. W. Sill, C. P. Willis, and J. K. F1ygare, Jr., ANAL. CHEM.
33,1671 (1961). '

°o!:---!:----+----±----.L---.J
IN HCIO.,ml IN NoOH,ml

Figure 2. Effect of acidity

1. m.nk
2. 5-.g Z1: S1lIndard
3. 5-.g Z1: standard corrected for blank

samples for an appropriate blank carried through the entire
procedure including separations, if any, and calculate their
zirconium content from the sensitivity value oblained from
the standard.

Sample Preparation. Ikcause of the refractory nature of
the compounds of zirconium and associated clements and the
inability 10 dissolve them completely even in boiling concen­
Irated acids, pyrosulfate fusion is always employed to ensure
their complete dissolution and conversion to a soluble ionic
form. A procedure for the decomposition of refractory sili­
cates which involves a potassium fluoride fusion and a trans­
position to a mixed alkali pyrosulfale fusion has been de­
scribed (I I). In cases where silicates arc known to be absent,
the potassium fluoride fusion can be omitled and the sample
treated initially with the appropriate mineral acid followed by
pyrosulfate fusion. The solution obtained can be diluted to
any desired volume and an appropriate aliquol laken for
analysis and treated as described previously.

Many samples can be analyzed directly following dissolu­
tion, but others will require separation of zirconium from
other elements. This will be Irue when only Irace amounls of
zirconium are present in a large excess of some interfering
element. Zirconium can be extracted quantitatively from
beryJlium, aluminum, lanthanum, thorium, cobalt, nickel,
manganese. lead, zinc, bismuth, galHurn, scandium, indium,
thallium, and yltrium by chloroform in the presence of O.005M
cupferron at pH value. less than zero (12). Hindman (13)
has also shown thaI zirconium can be eXl!acted from large
amounts of iron(IO by using the same system in the presence
ofascorbic acid and potassium thiocyanate.

(11) C. W. Sill, ANAL. CHEM.. 33,1684 (1961).
(12) Jiri Stary, "The Solvent Extraction of Metal Chelales," The

Macmillan Co., New York, N.Y., 1964, PP 115-21.
(13) F. D. Hindman. Health Services Laboratory, U. S. Atomic

Energy Comm., Idaho Falls, Idaho, work in progress, 1970.
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RFSULTS AND DISCUSSION

Effect of 3,4',7-Trlhydroxyf!.voae Coaceolratlon. The reo
suits obtained when various concentrations of 3,4',7-trihy.
droxyllavone were used are given in Figure I. Curve 2 shows
that the intensity of lIuorescence of5 I'g of zirconium increases
with increasing lIavone concentration to a maximum at about
6 X 10-'%. If the highest precision is desired, the higher
concentratIon ofllavone should be used because the maximum
lIuorescence signal is produced at this level and the instrument
can be operated in the range that has maximum stability.
Also, at the higher concentration of lIavone, small changes in
concentration will not produce significant variations in
fluorescence readings. Howev~rt the concentration of flavone
can be adequately controlled so that it will not be a significant
factor in precision even on the steeper portion of curve 2.
On the other hand, the intensity of the zirconium lIuorescence
per unit blank fluorescence is greater at lower concentrations
of the flavone. If the instrumental sensitivity can be in­
creased so that the relatively weak fluorescence obtained at
lower flavone concentrations can be spread over the full range
of the instrument without significant loss of precision of
measurement through instrument instability, smaller quanti­
ties of zirconium can be detected. The minimum detectable
quantity of zirconium and the proper concentration ofllavone
to be used are dependent on the value of the blank, and the
stability and sensitivity of the instrument. The arrows show
that the recommended flavone concentration occurs at 3 X
10-'%. Lower concentrations result in smaller blanks but
the instrumental instability at these levels causes a significant
decrease in precision.

Effect of Acidity. The etrect of changes in acidity on the
fluorescence of the zirconium-3,4',7-trihydroxyflavone com·
p1cx was studied. The excellent efficiency and high buffering
capacity of the system is shown in Figure 2. The arrows
mark the points on the buffer curves that result under the
recommended conditions.

Spectral Characteristics. Figure 3 shows the excitation and
emission spectra for the reagent and its zirconium complex in
1M perchloric acid. The fluorescence of 3,4',7-trihydroxy­
flavone exhibits its excitation maximum at 377 nm and a
fluorescence emission maximum at 485 nm. The zirconium
complex shows its excitation maximum at 417 nm and
fluorescence emission maximum at 475 nm. All values are
uncorrected for emission characteristics of the light source or
the response of the detector.

Detection Limit and Pre<:ision. The detection limit and
determination limit of this procedure were determined as
defined by Currie (/4). To determine these values and the
precision obtained with larger quantities of zirconium, 10
blanks and ten 5-l'g zirconium standards were analyzed under
the recommended conditions, including the evaporation of
zirconium solutions to dryness in the presence of sulfuric acid
and the transfer from beaker to volumetric flask. The mean
for the 5-l'g zirconium standards was 95.8 scale division
with a standard deviation of ±0.5 scale division. The mean
for the blanks was 25.1 scale divisions with a standard devia­
tion of ±0.2 scale division. The results indicate a detection
limit of 0.05 I'g of zirconium. The minimum quantity of
zirconium that can be determined with a precision of 10% is
0.14I'g.

Unearlty. The effect of zirconium concentration on the
lIuorescence was investigated at B 3,4',7-tribydroxyf!avone

(14) L. A. Currie, ANAL. CIlEM., 40, 586-93(1968).
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concentration of 2.50 X 10-' mole per 25 m1 to determine the
linearity under analytical conditions. NonliDearity is DOt
detectable up 10 10 I'g of zirconium since it is not greater than
the precision of the procedure-I.e., aboul I %. As the
quantity of zirconium is increased beyoDd 10 I'So deviatioo
from linearity becomes very pronounced.

Effects of Other Subatanees. In anticipation of applying
the presenl procedure to a wide varielY of sample types with­
out separations, a detailed investigation was made of the
effect of many other substances on both blanks and 5-,..
zirconium standards. The element or compound investi-.
gated was added before fuming with sulfuric and perch\oric
acids to determine its effect uDder the recommended conditions.
No error eould be detected on blanks aDd less than 1% OD
5-l'g zirconium staodards in the presence of S DIll of lithium,
potassium, beryllium, cerium, magnesium, zinc, gadolinium,
lutetium, and iron or I DIll of mercury, arsenic, cakium,
manganese, cadmium, platinum, rubidium, and cesium. Er­
rors produced by other substances are shown in Table I.

HAfNIUM, ANTIMONv, AND TIN. Hafnium, antimony, and
tin produce a fluorescence with the reagent of sensitivity such
thai not more than about 0.02 I'g of any of these can be
present without producing detectable error. Fluorescence
due to hafnium in a sample will be reported as zirconium.
Both antimony and tin can be removed easi\y as the bromides
from sulfuric acid by volatilization with bydrogen bromide
(J5). This can best be aecomp\isbed by addina three O.S­
gram increments of solid sodium bromide to the fumina sul­
furic acid solution and sweeping the bromidesfromthesolution

(I') J. E. Hoffman and G. E. F. Lunde1\, J. lID. Nat. /IMr. SI1IIId.,
n, 22 (1939).

ANALYTICAL CHEMISTRY, VOL 43, NO.3, MARCH 1971 • 471



Table I. Elfecta of Other SubataDces
Error I scale di\ision-

Element Quantity, mg Blanks 5 pg Zr

Hf 0.005 +40.0 >+10
Sb 0.001 +S.6 +4.9
Sn 0.001 +9.0 +10.2
AI 1.0 +25.4 > +10
Ga o.m +5.6 +3.3
In 1.0 +2.2 +1.6
n 1.0 +3.7 +2.0
B 1.0 +I.S +3.3
Th 1.0 +1.9 0.0
W 0.01 -2.2 -11.0
Mo 0.1 -1.1 -2.1
Nb 0.01 - 12.1 -62.3
Ta 0.01 -0.3 -5.6
Bi 0.1 -4.1 -15.2
Ge 1.0 +S.9 -SO.S
Co 1.0 0.0 -3.9
Ni 1.0 -1.3 -0.5
Cu 1.0 -1.9 -2.0
U 1.0 +3.9 -4.4
Cr 0.1 +3.0 -35.9
Si 1.0 +3.1 -2.1
Ba 1.0 +2.1 -11.0
Sr 1.0 +3.0 -3.7
Au 1.0 +32.5 -6.0
AS 1.0 +6.2 +3.6
Ti O. I +0.7 -2.6
So 1.0 +4.S -S.2
La 1.0 -1.9 -0.1
Y 1.0 0.0 -4.3
VC+5) 1.0 0.0 -6.2
Se 1.0 +1.2 -2.2
P 1.0 +0.5 -S1.4
F 1.0 +2.2 -O.S

• Blank. 25.1 sc. div.; 5 pg Zr standard. 95.S se. div.; sensitivity, 0.0708 pslsc. div.
± 1.0 sc. div. on standards probably indicate significant effect of added substance.

Remarks

Fluorescent; 0.125 pslse. div.
Fluorescent; 0.12 Jolgfsc. div.
Fluorescent; 0.11 ps/sc. div.
Fluorescent; 39 pslse. div.
Fluorescent; I.S pslse. div.
Fluorescent; 450 pgfsc. div.
Fluorescent; 270 JJgjsc. div.
Fluorescent; S60 Jig/sc. div.
Fluorescent; S30 pgfsc. div.
Yellow coJor when flavone is added
Yellow color when flavone is added
Yellow color when l1avone is added
Yellow color when flavone is added
Yellow color when flavone is added
Yellow color when flavone is added
Faint pink color
Faint green color
Faint blue color
Faint yellow color
Very turbid because of anhydrous Crz(S04)'
Few floes of dehydrated SiO, present
Turbid
Slight turbidity
Elemental gold precipitates

Yellow color when flavone is added

Bright yellow in concenttated H2S04

Added as NaH.PO. before fuming
Added before fuming

Differences larger than ±OA sc. div. on blanks or

by careful addition of 5 ml of concentrated hydrochloric acid.
ALUMINUM AND GALLIUM. Aluminum and gallium pro­

duce a fluorescence with the reagent of sensitivity such that
not more than 100 pg of aluminum or 0.51'g of sallium can be
present without producing deteclable error. Both inter­
ferences can be eliminated by an extraction with chloroform in
the presence of cupferron as described previously. However,
gallium is not abundant enough to cause much concern, and
aluminum can be accommodated without loss of reliability
by proper choice of sample sire. For example, if the tolal
sample taken for analysis is limited to I mg, zirconium can be
determined in concenlralions greater than 5 X 10-'% without
detectable interference from as much as 10% aluminum.
Because the average soil or air dust sample would not be
expected to have more than 10% aluminum, direct determina­
tion of zirconium on such samples is possible.

OrnER FLUORESCENT CoMPLEXES. Indium. thallium. bo­
ron, and thorium show some interference at the I·mg level due
to their fluorescence with the reagenl. Part of the fluorescence
observed might be due to traces of zirconium.

CHROMIUM, NI081UM~ AND TANTALUM. Chromium, nio­
bium, and Ianlalum arc particularly serious interferences be­
cause of their strong absorption of both the emitted zir­
conium-3,4',7-trihydroxyIlavone fluorescence and the ex­
citing radiation, and because of the insolubilily of anhydrous
chromic sulfate, niobic acid, and Iantalic acid. The presence
of chromium can be detected quite sensitively by evaporating
the solution to fumes of sulfuric acid in the presence of per­
chloric acid. A bright yellow color will develop with less
than 0.1 mg of chromium, but will disappear quite rapidly be­
cause of thermal decomposition of the dichromate in the
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fuming sulfuric acid. Niobium and tantalum can also be
detected quite sensitively by the appearance of a yellow color
when the flavone is added. Chromium can be removed
easily from sulfuric-perchloric acids by volatilization with
hydrogen chloride gas as chromyl chloride. Niobium and
tantalum, unfortunately, are not readily separated from zir­
conium, and the presence of trace amounts will interfere
seriously with this procedure.

OrnER COLORID CoMPLEXES. Tungsten, molybdenum,
bismuth, germanium, and scandium form yellow complexes
with the reagent. Bismuth and scandium interferences can
be eliminated by the cupferron extraction. Tungsten and
molybdenum are incompletely eXlracted by chloroform in the
presence of cupferron and, therefore, are still serious inter­
ferences.

TITANIUM. Titanium produces very little interference at
the O.I·ms level. If more titanium is present, however,
turbidity will be encountered because of its extreme hydro­
lytic tendencies. However. if the sample size is limited to 1
mg, zirconium can be determined in concentrations greater
than 5 X 10-'% without delectable interference from as much
as 10% titanium.

FLUORIDE AND PHOSPHATE. The presence of fluoride or
phosphate in the final solution used for i1uoromelric de­
termination produces serious negative interference, J mg of
either being sufficient to complex the zirconium and eliminate
the fluorescence completely. Fortunately, the fluoride will be
eliminated from the original sample by the pyrosulfate fusion.
Pyrosulfate fusion should be carried out in platinum ware
rather than in glass when fluoride is present to prevent dis·
solution of zirconium from glassware.



IRON. In the absence of sulfamic acid and hydroxyIam­
mODium sulfate, iron produces serious negative interference,
I mg of iron being sufficient to eliminate the fluorescence
completely. This is due to the strong absorption of both the
emitted zirconium-3,4',7-trihydroxyflavone fluorescence and
the exciting radiation by the ferric ion. However, the re­
duction to ferrous sulfamate virtually eliminates this inter­
ference and 5 mg of iron can be tolerated without separation.
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liquid-liquid Extraction of Rhenium(VlI) with Mesityl Oxide
V. M. Shinde and S. M. Khopkar

Department of Chemistry, Indian Institute of Technology, Bombay-76, India

SOLVENT EXTRACTION STUDIES of transition elements with
mesityl oxide showed that rhenium(VII) can be quantitatively
extracted with 75 % mesityl oxide-methyl isobutyl ketone from
I M hydrochloric acid containing I M potassium chloride.
Rhenium from the organic phase is stripped with dilute am­
monia and is subsequently determined photometrically at 430
ml' as its thiocyanate complex (/).

Various extracting agents were used for the solvent extrac­
tion of rhenium. Among alcohols, butyl alcohol (2), amyl.
alcohol (3), isopentyl alcohols (4) were used for its extraction
and separation from few ions, while in ketones, elhyl methyl
ketone (5) or methyl isobutyl ketone (6) were used. Pyridine
(7) or quinoline (8, 9) were used for its extraction from alkaline
solutions. The ion association complexes of rhenium with
tetraphenyl arsonium chloride (/0) or with tributyl ammonium
salt (//) were extracted in chloroform or dichloromethane.
Tribulyl phosphate (/2, 13) was used for its extraction from
mineral acids. However, most of these methods suffered from
several disadvantages. Thus, baekstripping of rhenium from
the organic phase was cumbersome and needed special re­
agents (/3); il was essential to use high concentration of the
extractant to effect quantitative extraction at lower acidity
(/2); the extractions were quantitative only if larger volumes
of exlraclants were used and multiple extraction was needed
(3,4); at other times it was necessary to prcequilibrate the ex­
traclant with alkali hydroxide before metal extraction was car­
ried out (7, 9); and, finally, it was possible to accomplish good
separation if temperature was critically controlled (3,4).

The solvent extraction of rhenium(VII) with mesityl oxide
eliminates all such limitations. It is possible to quantitatively
extract rhenium at low acidity with 75 % mesityl oxide in only

(I) E. B. SandeU, "Colorimetric Determination of Traces of
Melals:' 3rd ed.. Interscience, New York, N. Y., 1959, p 758.

(2) H. Skiba and M. Wojtwosicz, Chem. Anal. (Warsaw), 10, 183
(1965).

(3) V. Valirajam and R. Prasad, Z. Anal. Chem., 220,343 (1966).
(4) Ibid., p 340.
(5) T. M. Cotton and A. A. Woolf. ANAL. CKE"'., 36, 248 (1964).
(6) V. Yalirajam, Z. AI/al. Chem., 219, 128 (1966).
(7) D. T. Meshri and B. C. Haldar,J. Sci. Ind. Res., 20B, 55t (1961).
(8) U. B. Talwar and B. C. Haldar, !lui. J. Chem., 3, 452 (t965).
(9) S. J. Rimshaw and G. F. Mailing, ANAL. CKE"'., 33, 751 (1961).
(10) S. Tribalat, I. Pamm, and M. L. Jungfteisch, Anal. Chlm. Acta.,

6, 142 (1952).
(II) M. Ziegler and H. Schroeder, Z. AI/al. Chem., 212, 395 (1965).
(12) V. I. Plotnikov, L. I. Zelenskaya, and L. P. USlova, Sb. Inst.,

Tsvet. Metall., 112 (1965).
(13) N. lordanov and S. Mareva, C. R. Acad. Bulg. Sci., 19, 913

(1966).

30 seconds, while rhenium from the organic phase can be
stripped just by shaking with dilute ammonia (0.3N NH.OH).
It is necessary neither to use large volumes of organic phase
nor employ multiple extractions. Thus, rhenium is quantita­
tively removed with only 10 ml of mesityl oxide in a single
extraction. It is not necessary to prcequilibrate mesityl oxide
before actual extraction. Mesityl oxide is less volatile as com­
pared to other extraetants like ether; aod it can be reused
after distillation. The extraction can be carried out without
any critical control of temperature. The method suggested by
us is thus very rapid, extremely simple, reproducible, and
affords clean cut separation of micrograms of rhenium in the
presence of several cations as well as anions.

EXPERIMENTAL

Apparatus and Reagents. Type 3 KH 57 filter photometer
was used.

The stock solution of rhenium(VII) was prepared by dis­
solving 0.1550 gram of potassium perrhenate (Spec. pure of
Johnson Matthey and Co., London) in I liter of water con­
taining 5 ml of 6N sulfuric acid, The solution was standard­
ized gravimetrically by the Nitron method (14). It contained
100 I'g of Rc(VII) per mI, The test solutions [25 I'g of the
Rc(VII) per mil were prepared by fourfold dilution.

Mesityl oxide (B.D.H., bp 128.7 0c) was used after double
distillation.

General Procedure. An aliquot of solution containing 25
I'g of rhenium(VII) was mixed with hydrochloric acid and
potassium chloride to a volume of 10 mI so that the concen­
tration of acid and salting-out agent was 1M. It was then
introduced into a separatory funnel and shaken for 30 seconds
with 10 mI of 75% mesityl oxide in methyl isohutyl ketone.
The two layers were allowed to settle and separate. The
aqueous layer was removed first and then rhenium was re­
moved from the organic layer by back extraction with 10 mI
of 0.3N ammonium hydroxide and then with 10 ml of water.
Rhenium(VII) from the aqueous phase was determined
colorimetrically as its thiocyanate complex at 432 ffiI' (I).

RESULTS AND DISCUSSION

Effect of Acidity and Mesltyl Oxide Concentration. The
concentration of hydrochloric acid was varied from 0.125­
l.OM and that of mesityl oxide from 19-100% (l.62--1l.70M)

(14) W. W. Scott, "Standard Methods of Chemical AoaIysis," Vol.
I, D. Van Nostrand, New York, N. Y., 1939.
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Table I. DlstrlbutiOll Ratio as Fuoetlon of Acidity

Rhenlum(Vll), 25 I'll; 1M KCI, as :salting-out agent

Mesilyl oxide HCI, Extraction, Distribution
coneo M % ratio, D

19% (I.62M) 0.12 57.14 1.33
0.25 64.28 I. 79
0.50 76.78 3.JO
1.00 82.14 4.59

25% (2. 17M) 0.12 71.42 2.49
0.25 75.00 3.00
0.50 83.92 5.21
1.00 87.50 7.00

50% (4. 35M) 0.12 75.00 3.00
0.25 78.57 3.66
0.50 87.50 7.00
1.00 89.28 8.32

75% (6.52M) 0.12 76.78 3.JO
0.25 82.14 4.59
0.50 91.07 10.19
1.00 100.00

100% (8. 70M) 0.12 85.11 5.98
0.25 87.50 7.00
0.50 92.85 12.98
1.00 100.00

by dilution with methyl isobutyl ketone. The results in Table I
show that the quantitative extraction of rhenium(VU) is pos­
sible with 75% mesityl oxide from solutions containing 1M
HCland 1M KClas the salting-out agent. Various other sol­
vents such as benzene, toluene, xylene, n-butanol, isobutyl
acetate, cyclohcxanc, and chloroform were also tried as dilu­
cots. However, the extraction was incomplete in all these
Cases. Methyl isobutyl ketone was, therefore, preferred as
the diluent. Previous workers (6) also preferred methyl iso­
butyl ketone as the suitable diluent.

EfTect of Saltlng-Out Agent. Varying concentrations of
chlorides of potassium, lithium, and magnesium were used as
the salting-out agents. The results in Table II show that it is
possible to extract rhenium quantitatively from I M hydro­
chloric acid solution in the presence of either 1M KCI, 1M
MgCl, or 10M LiCl as the salting-out agents. However, for
the routine work 1M KCI was preferred as the salting-out
agent. In all these studies, 75% mesityl oxide was uscd as an
extractant.

Di,·cn;e lOllS. A number of representative ions were tested
for interference. The tolerance limit was set at the amount re­
quired to cause ±2% error in rhenium recovery. Thalium
(I), Icad(I1), .bismuth(I1I), rhodium(lIl), mangancsc(ll), co­
balt(ll), nickel(ll), thorium(lV), zirconium(lV), cerium(IV),
beryllium(II), calcium: strontium, barium, zinc, tungstate,
sclenite, tellurite, oxalate, tartrate, thiocyanate, and EDTA
are tolerated in larQe ratios (> l: 40). Ions such as cadmium,
osmium(VI), titanium(lV), malonate, citrate, fluoride, and
bromide arc tolerated in ratios >1:.8; while copper(ll),
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Table D. Effect of Saltlng-Out Agent
Rhenlum(Vll) = 25,.g; mcsltyloxlde - 75% In MlBK

saIting-out Initial Extraction, Distribution
agent, M HCI,M % ratio, D

KCI,O.5 0.12 78.57 3.66
0.25 82.14 4.59
0.50 89.29 8.32
1.00 92.85 12.98
2.0-3.0 100.00

1.0 0.12 83.92 5.21
0.25 85.71 5.98
0.50 92.85 12.98
1.0-3.0 100.00

LiCl,4 0.25 57.14 1.33
0.50 58.92 1.43
1.00 64.28 1.79
2.00 15.00 3.00
3.00 89.28 8.32
0.25 64.28 I. 79
0.50 71.42 2.49
1.00 78.57 3.66
2.00 89.28 8.32
3.00 92.85 12.98
0.25 85.71 5.98
0.50 85.71 5.98
1.00 89.28 8.32
2.0-3.0 100.00

10 0.25 89.28 8.32
0.50 92.85 12.98
1.0-3.0 100.00

MgCI,,0.5 0.25 57.14 1.33
0.50 58.92 1.43
1.00 62.50 1.66
2.00 85.71 5.98
3.00 91.07 10.19

1.0 0.25 82.14 4.59
0.50 85.71 5.98
1.0-3.0 100.00

platinum(IV), paliadium(II), ruthenium(III), chromium(III),
uranium(VI), vanadate, and acetate are tolerated in ratio of
<1 :4. Only ions such as mercury, antimony, tin, iridium,
iron, thiosulfate show strong interferences. The interferences
of some ions can be eliminated by using masking agents like
oxalic acid, EDTA, or potassium thiocyanate (15). From ten
runs with 25 I'g of rhenium(VII), using the general procedure,
the average recovery was 98.5 ± 1.5 % with a slandard devia­
tion of 1.8 %. Each determination took a total of 30 minutes.

RECEIVED for review June 6, 1969. Accepted November 9,
1970. Work supponed from the financial grant of Council of
Scientific and Industrial Research (India).

(15) A. K. De, S. M. Khopkar, and R. A. Chalmers, "Solvent
Extraction of Metals," Van Nostrand, Reinhold, London, 1970,
p 217.



Emission Spectrochemical Determination
of Tantalum in Curium Oxide

R. H. Gaddy

Saoannah Ricer LAboralory, E. I. du Ponl de Nemours '" Company, Aiken, S. C. 29801

AN EMISSION SPECTROCHEMICAL method was developed for the
determination of tantalum impurity in 244Cm oxide. u4Cm
is being produced (I) for evaluation as a radioisotopic power
source and is n precursor in the production of u:Cf, a spon­
taneous fission neutron source. Tantalum impurity may be
introduced into the curium product from tantalum equipment
used in some processing operations.

Mctallic impurities must be separated from the actinide
clements before emission spectrographic analysis, because the
relativcly complicated spectra of thc actinide elements and
the associated background obscures the emission lines of
many impurities. The carrier distillation method (2) has been
used extensively for determining impurities more volatile than
the matrix actinide oxide. However, this method is not suit.
able for the determination of tantalum in actinide materials
because of the refractory nature ofTa,O•.

The analytical chemistry of tantalum has been reviewed
(3-8), but the spectrographic analysis of tantalum in curium
or curium compounds has not been reported. The amine
extraction of microgram quantities of tantalum from pluto­
nium and its subsequent spectrographic determination was
reported by Ko (9). Vita (10) and Burnett el 01. (I I) reported
the spectrographic determination of tantalum in uranium after
extracting the N-benzoylphenyl-hydroxylamine complex into
chloroform. Barton (12) determined tantalum spectrograph.
ically after separation from plutonium by precipitating pluto.
nium trifluoride. Werning el 01. (13) and Waterbury and
Bricker (14) extracted tantalum into methylisobutyl ketone
from HCI-HF mixtures and H,sO.-HF mixtures, respectively.
This paper describes the potassium carbonate leaching of

(I) H. J. Groh, R. T. Huntoon, C. S. Schlea. J. A. Smith, and F.
H. Springer, Nuel. Appl., I, 327 (1965).

(2) B. F. Scribner and H. R. Mullin. Report A-2907, National
Bureau of Standards. Washington. D. C., 1945.

(3) J. W. Mellor, UA Comprehensive Treatise on Inorganic and
Theoretical Chemistry," Vol. IX, Longmans, Green and Co.,
London, 1947.

(4) R. E. Kirk and D. F. Othmcr, "Encyclopedia of Chemical
Technology," Vol. 13, lnterscience, New York, 1954.

(5) F. T. Sisco and E. Epremian, "Columbiam and Tantalum,"
John Wiley & Sons. Inc., New York, 1963.

(6) W. T. Elwell and D. F. Wood, Anal. Chim. ACla. 26, I (1962).
(7) R. W. Moshier, "Analytical Chemistry of Niobium and Tan­

talum." Macmillan Co., New York. 1964.
(8) F. CUllilla. "Annotated Bibliography of the Analytical Chern·

istry of Niobium and Tantalum, January 1935-June 1953," Geo­
logical Survey Bulletin 1029-A. United States GoV!. Printing
OffICe. Washington, D. c., 1957.

(9) R. Ko, AN'L. CHEM.• 36, 1290 (1964).
(10) O. A. Vita, USAEC Report GAT-524, Goodyear Atomic

Corp.• Portsmouth, Ohio, 1966.
(II) H. M. Burnett, J. V. !'ena, C. J. Martell, and R. T. Phelps,

USAEC Report LA-3985, Los Alamos Scientific laboratory, Los
Alamos, N. M., 1968.

(12) H. N. Barton. Appl. SpeClroSC., 19 (5),159 (1965).
(13) J. R. Werning, K. B. Higbie, J. T. Grace. B. F. Speece. and

H. L. Gilbert. Ind. Eng. Chern.• 46, 644 (1954).
(14) G. R. Waterbury and C. E. Bricker, ANAl.. CHEM., 29, 1474

(1957).

tantalum from curium oxide, the methylisobutyl ketone ex·
traction of the tantalum, and its spectrographic determination.

EXPERIMENTAL

Apparatus. A Bausch & Lomb dual grating spectro­
graph was used with a National Spectrograpbic Laboratories
Model 6487 source unit. Sample excitations were conducted
in a stainless steel glove box designed to contain radioactive
materials. The optical bench in the glove box was aligned
with the spectrograph located outside. The emitted light
left the glove box through a fused quartz window. An
Applied Research Laboratories densitometer was used for
visual comparison of spectra of samples and standards.

Reagents. 4-Methyl-2-pentanone (referred to as MIBK)
was obtained from Eastman Organic Chemicals and was used
without further trealment. Tantalum pentacbloride was
obtained from Alfa Inorganics, Inc., Beverly, Mass. All
other chemicals were Baker Analyzed Reagent grade.

Preparation of Standards. A stock solution containing
1000 I'g of Ta/ml was prepared by dissolving tantalum penta·
chloride in 6N HCI-o.5N HF. A series of standard solutions
was prepared by diluting the stock solution to give tantalum
concentrations with ratios of 10:5:2, ranging from 0.5 to
1000 I'g of Ta/ml. The solutions were prepared and stored
in polyethylene bottles.

Procedure. Ten milligrams of curium oxide is weighed on
a torsion balance and transferred to a small platinum boat.
Of the 50 mg of potassium carbonate used for tbe fusion,
about 30 mg is mixed with the curium oxide sample. The
remaining 20 mg is poured on top of the mixture. The
boat with the sample mixture is heated at 920 ·C for 15 min
in a furnace with a mullite tube liner. Although a clear melt
is not produced (perhaps because the sample is not com·
pletely dissolved), the tantalum oxide is converted completely
to a soluble form. After cooling, the melt is leacbed with
2.0 ml of 6N HCI-o.5N HF. The curium precipitates as the
insoluble trifluoride. Tantalum is extracted from the solu·
tion with 2.0 ml of MIBK by shaking on a vortex mixer for
5 minutes. (The MIBK is pre""luilibrated with 6N HCI­
0.5N HF containing 25 mg of K,CO./ml.) The tantalum is
then stripped from the 2 ml of MIBK by sbaking with 1.0
ml of 4%H,o, for 5 min.

Fifty microliters of the H,o, solution containing the
tantalum is evaporated onto the face of a f1at·top grapbite
electrode previously treated with paraffin~ther solution to
prevent absorption of the solution into the electrode. Four
electrodes arc prepared for eacb sample or standard to pro­
vide for duplicate exposures. The prepared electrodes are
used for both anode and catbode during excitation. Two or
more standards are extracted and exposed in duplicate on
each pbotograpbie plate with the samples. Spectrum Anal·
ysis No. 3 plates are used in the wavelength region 2460­
3460 A. The 2675.90 or 2685.11 A tantalum lines of the
samples and standards are compared visually to determine the
concentration.

The instrument parameters for the analysis are as follows:
current, A, 13.5 RF; Potential, V, 250; Capacillll=,,,I,
0.0025; Inductance, mH, 0; Analytical gap, mm, 2; Ex·
posure time, sec, 30; and Slit width, 1', 20.
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Table I. Effect of KaCO, 00 Tantalum Analysis

Table n. Analysis of 10 mg of Curium Oxide Samples Spiked
..'jth Tantalum

Tantalum. }l&

Curium oxide is usually prepared by Ihe calcination of
curium oxalate or hydroxide at a temperature of about 700 'c
for several hours. Thus, any tantalum impurity in the curium
oxide should be present as the pentoxide. Tantalum pent­
oxide is not readily soluble in common mineral acids but is
soluble in concentrated hydrofluoric acid after heating at ele­
vated temperatures for an extended period of time. Tantalum
hydrolyzes slowly in concentrated acid solutions unless a com­
plexing agent such as the fluoride ion or oxalate ion is present.

Tantalum, l'8ImI

500
150
100

SO
15
10
5
2.5

·2661. 3 Aline.
• 2680.6 A line.
< 2685.1 A line.

Present

5
10
15

105

%Transmission of Tantalum Lines
No K,cO, 15 mg K.CO,/ml

1.5· 4.2·
3.0· 8.0-
6.7' 6.0'

10.5' 11.0'
26.5' 27.0'
35.5' 36.0'
22.5< 23.0'
32.5' 33.5<

Found
5

10
15

100

DISCUSSION

In the present method, the curium oxide sample is fused
with K,cO, to convert the tantalum to a form that dissolves
rapidly and completely in 6N HCHl.SN HF solution. How­
ever, the conditions for analysis must be adjusted to avoid loss
of tantalum by precipitation of K,TaF,. The solubitity of
K,TaF, is reported to be 7.5 gil. in water at 20 'c (7); its solu­
bility in I % (~O.SN) HF is given as 8 g per 1000 g of solvent
(5). The solubility of tantalum in the present system has not
been reported.

The limit imposed on the analysis by the solubility of K,TaF,
was determined in the tests summarized in Table I. Standard
solutions of tantalum in 6N HCI-o.5N HF and of tantalum
with K,CO, added to simulate solution compositions that
would result from the fusion step were analyzed. The tan·
talum was extracted with MIBK from the above solutions and
analyzed spectrographically. The presence of K,CO, had no
effect to about 100 I'g of Ta/ml. This concentration corre­
sponds to 2 wt % tantalum in a IO-mg sample ofcurium oxide.
At higher concentrations, tantalum slowly precipitated from
solution. Thus, the method is not reliable for tantalum con­
centrations greater than 200 .ug in 10 mg of curium oxide.

The limit of detection of tantalum is approximately I I'g of
tantalum in 10 mg of curium oxide. This detection limit can
be improved by adjusting the volume of peroxide strip solution
or increasing the volume of strip solution evaporated on each
electrode. Interferences in the method were not tested.

The spectrochemical method was evaluated by analyses of
curium oxide samples spiked with known amounts of tanta~

lum. As shown by the data in Table II, 100% recovery of the
tantalum is obtained. This satisfactory performance has been
verified by continuing use of the procedure in support of the
production of large quantities of curium oxide.

RECEIVED for review August 14, 1970. Acccpted Novcmber
20, 1970. The information contained in this article was de­
veloped during the course of work under Contract AT(07-2)-1
with the U. S. Atomic Energy Commission.

Novel Technique for Surface Analysis of Solid Metallic Specimens
Using Selected Anodic Current-Voltage Characteristics

George Todd and G. A. Wild
Royal Armament Research and Development Establishment, Fort Halstead, England

ALTHOUGH CURRENT-VOLTAGE characteristics at the cathode
arc used extensively in the electrochemical analysis of solutions
by polarography, little attention has been paid to the devel­
opment of a technique fpr' the analysis of solid specimens
using anodic corrosion characteristics. If this could be done
successfully, it could provide a method yielding information
about the surface ofa specimen~ften with negligible dulT\llge
to the specimen itself.

EXPERIMENTAL

SpecJmeas. The technique to be described was originally
suggested by observations made with a potentiostat in the
course of etching specimens of Fe-AI-Mn alloys. These had
been prepared for phase-diagram work, and the potentiostat
was employed in an attempt to selectively etch out minor
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phases. The alloys used had been homogenized after casting
by cold-rolling down to an approximate diameter of '/, inch,
soaking at 1200 'c, and quenching. After sectioning, speci­
mens were mounted in epoxy resin and polished to provide
irregular disk-like faces. Electrical contact was made by a
screwed-rod penetrating the resin. Chemical analyses for
aluminum and manganese were available for the castings and
gave an approximate composition for the hOlnogenized rod
and for the specimens.

Apparatm. Anodic current-voltage characteristics of the
specimens were measured with a Wenking Potentiostat, Type
6184TR using a saturated calomel electrode to monitor vol·
tage changes at the anode or working electrode. A bath
temperature of 21 'c was used, and the bath was stirred.
The working principle of the potentiostat and the experimental
arrangement used arc shown in Figure I.
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Figure 1. Working principle of the potentiostat

The actual potential between the working electrode and the standard electrode ill compand
with the set potential, and any difference referred as a signal to the power amplifier. Tbe
current through the cell ill thereby modified so that the potentilll dltrerence ill nullifted. The
time constant ill equal to 10 ,.sec
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Figure 2. Initial range of the anodic current-voltage characteristic in 30% NaOH
for two alloys of the same chemical composition but different phase COlIStitutiou

Although other detail varies, the ftrst current maximum (I) ill essentilllly the same In each case
In view of the fact that the speclmens are not identical In area

Method and Results. Specimens were irregular disks of
approximately '/.-inch diameter. No attempt was made to
calculate the nrea in each case, and total anodic currents rather
than current densities are quoted in any statement of results.

The potentiostat was originally set at the rest potential ofthe
specimen in the chosen electrolyte so that no current ftowed.
The specimen was then progressively made more positive
using a motor-driven control at a rate of 200 mY/min and
changes in the corresponding corrosion current were measured.

This was done with a number of essentially single phased
body-centred cubic (a) and face-centred cubic ('Y) alloys, in a
variety of electrolytes over an anodic range of about 1.2 Y,

but few corrosion differences were observed of sufficient
magnitude to be useful in aj-y discrimination. Differences in
the current-voltage characteristics with composition were
much more striking, and certain corrosion maxima appeared
to be independent of phase character.

Figure 2 shows the current-voltage scan carried out in 30%
NaOH solution for two alloys of the same chemical composi­
tion but different phase constitution. Although the detail
of the scans is apparently dependent upon phase composition,
the initial current maximum (i) is approximately tlle same in
both cases.

It was further discovered that if this phase-insensitive max-
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Figure 3. Plot of phase-insensitive corrosion maxima In 30%
NaOH solution os. manganese cootent for a number of aUoys
Corresponding aluminum content for each specimen is recorded and
the 5, 10, and 15 %aluminum contours roughly drawn in to obtain the composition or the surface or an unknown

Mn - 4.536 Al = b, corresponding with i, (2)

0.863 Mn + AI = a, corresponding with i, (I)

imum was selected and the current (I) plotted ogoinst the
mangooese content, a system of points lying on aluminum or
iron contours was obtained. Such an array is illustrated in
Figure 3. The potential at which peak current occurred
varied slightly with composition but this factor was ignored.
This array could be simplified and the points brought to a
common locus by plotting current maximum agoinst a linear
function of the aluminum and mangonese contenl. This was
done initially by trial and error giving coemcients approx­
imately to the first place of decimals, but a computer became
available and a curve fitting program was eventuaUy employed.
The linear function was derived as equal to (0.863 Mn% +
Al %) and a plot of the value ofthis function os. current maxima
together with the best curve is shown in Figure 4.

This plot enabled the value ofa linear function of the Aland
Mn content of an unknown alloy to be obtained from the
corrosion current maximum but did not in itself enable an
analysis of the alloy to be obtained. If, however, a second
electrolyte could be found in which the electrochemical pro­
cesses were different, a second such relationship would enable
such an analysis to be carried out by the solution of the two
equations obtained.

In the case of Fe-AI-Mn, such an electrolyte was found in
10% (COOK), solution and the results arc given in Figure 5.
This shows the plot of the value of the function (Mn % ­
4.536 Al%) os. a phase-insensitive current maximum in this
second electrolyte, the procedure being as before.

In principle it was now sufficient to solve the two equations:
'0.0
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Figure 4. Plot of phase-insensitive corrosioo maxima In 30 %
NaOH solutioo os. a·equal to alioear fuoction of the manganese -;-
and aluminum content of the corresponding alloys -!.
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Figure 5. Plot of p","-ln8elllitive corrosloo maxima In 10%
(COOK), solution 01. b equal 10 a linear fuactloa of the man­
pnese and aluminum coatent of the c:orrespoadilIK aUoys
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Tlble I. COOlparisoo of EIperins<IItoI and DerITed Values of Olmpooltioa and CCImlIioo MaxIma for
Iroc>-AIumlnmD--ManpJseIIe Alloys

Composition PeIk height
Chemical Calculated Discrepancy i,(mA) i,(mA)

Al% Mn% Al% Mo% .:1Al% .:1Mn% ExpU CIIcd ExptI ClIIcd

0.8 19.4 1.5 19.9 0.7 0.5 1.7 1.1 41.0 45.3
2.3 19.6 3.1 20.5 0.8 0.9 3.4 2.0 31.0 35.0
5.1 0.0 6.4 -0.1 1.3 -0.1 0.2 0.2 2.8 3.8
4.8 5.0 4.8 1.9 -0.0 -3.1 0.2 0.3 4.7 5.8
5.5 9.0 5.1 9.0 -0.4 0.0 0.4 0.4 7.1 6.2
4.4 14.7 4.1 12.8 -0.3 -1.9 0.6 1.0 14.1 14.8
5.3 19.0 5.1 18.9 -0.2 -0.1 4.1 4.4 1S.8 15.1
5.2 24.0 5.4 24.8 0.2 0.8 10.7 9.6 21.6 22.1
5.2 30.0 4.7 30.3 -0.5 0.3 15.9 16.2 35.0 30.8
6.0 24.8 6.9 26.8 0.9 2.0 14.9 11.5 1S.6 18.3
5.7 21.8 5.0 28.4 -0.7 0.6 14.2 14.4 30.0 24.2
6.2 32.6 5.9 32.8 -0.3 0.2 20.3 20.5 30.0 21.9
7.0 22.5 7.8 23.2 0.8 0.7 11.9 10.2 8.4 10.7
7.5 23.7 8.1 23.7 0.6 -0.0 12.9 12.2 7.7 9.8
7.2 25.0 7.7 25.3 0.5 0.3 14.3 13.2 10.2 12.2
8.0 15.0 7.3 13.9 -0.7 -1.1 2.1 3.6 4.8 4.3
8.4 29.3 8.8 21.8 0.4 -1.5 18.4 19.6 8.5 11.1

10.1 0.0 7.9 -1.8 -2.2 -1.8 0.2 0.3 2.0 1.6
10.2 4.4 9.5 6.6 -0.7 2.2 0.6 0.5 2.1 1.8
10.0 9.1 9.4 11.5 -0.6 2.4 2.1 1.3 2.6 2.1
10.0 14.2 9.0 1S.6 -1.0 1.4 5.3 5.0 3.4 2.6
10.3 19.0 9.2 20.4 -1.1 1.4 10.8 10.6 4.2 3.0
9.9 24.6 9.3 22.9 -0.6 -1.7 13.6 16.3 4.9 4.5

10.2 29.1 9.7 21.3 -0.5 -1.8 19.0 21.7 5.9 5.6
15.1 4.6 17.4 5.0 2.3 0.4 4.4 1.9 0.9 1.1
1S.1 9.3 15.9 10.2 0.8 0.9 8.1 6.1 1.1 1.2
14.7 19.3 15.2 18.4 0.5 -0.9 16.2 16.6 1.4 1.5
14.7 24.3 14.7 23.4 -0.0 -0.9 21.1 22.2 1.7 1.7
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Figure 6. Plot of phase-insensitive corrosion maximum in 10% KCNS solution
os. Zinc content for a number of brasses

For a binary alloy, this single plot Is sullldent for analysis purposes

ternary alloy with current maxima ;, and ;, in NaOH solulion
and (COOK), solulion, respeclivcly.

This was done for a series of Fe-AJ-Mn alloys and Ihe results
are shown in Table I. The mean deviations of the calculaled
Mn and AI contents from Ihe chemical values are 1.1 % and
0.7%, respectively.

DISCUSSION

These results are encouraging when one considers the fol­
lowing:

I. Discrepancies may be partially real and indicative of
differences between bulk analysis figures and those of the
surface.

2. The chemical figures refer 10 the as-cBSt ingot and only
approximale to the values for the homogenized bar.

3. Liltle attention was paid to controlling Ihe temperature
and concep.tration of the electrolyte.'

4. Specimens were mounled in an epoxy resin and errors
due to mounting material have been recognized (I).

(1) N. D. Greene. "Experimental Electrode Kinetics," Rensselaer
Polytechnic Institute, Troy, N.Y. 12181, (1965).
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5. Corrosion current is proportional to specimen area and
the data were obtained from specimens of only approxi­
mately equal area. When a similar exercise was applied to
accurately machined CufZn specimens in 10% KCNS solu­
lion, a much more regular plol was obtained (Figure 6).

Errors discussed under 3, 4, and 5 can be reduced by the usc
ofa cell now widely used for potentioslatic work. In this, Ihe
specimen area is reduced to a standard size by a screen of
chemically inert matcrial, and electrolyte, carefully regulated
with respect to temperature and concentration, is rccirculatL-d
from a reservoir.

If the accuracy of the technique can be improved in Ihis way
and results tested using, for example, X-ray fluorescence
analysis, the method may provide a way of deriving useful
information with respect to the surface composition of a
variety of suitablc metallic specimens.

RECEIVED for review July 24, 1970. Accepted November 23,
1970.



Boron-Polyethylene Irradiation Containers for
High Energy Neutron Activation Analysis

W. A. Jester and K. N.Prasad

DepaT/ment 0/Nuclear Engineering, The Pennsyioanla State Unioerslty, University Park, Po. 16802
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Figure 1. Reactor neutron eaergy dIItributIoa

Table I. TbretiboId Reactiolll of Intenit
'Ibrahold, Cross-leCtioa,

Reaction Half-life MeV barns-

"N(n,2n)"N 10 min 10.6
''O(n,p)liN 7.1 sec 10.2
"F(n,p)"0 29 sec 4.2
"p(n,a)-AJ 2.3 min 2.0
"S(n,p)"P 14 days 0.9S
uSc(n,a)"K 12 he 0.61
"Fe(n,p)"Mn 2.6 he 2.9
"'l1(n,p)'''Hg 47 days -0.30
tll4Pb(n,n')lOfmPb 68 min 2.2

• Approximate fission Oux averaged cross 1eCti0DL

about a factor of three to five more intense than the fast Oux.
This difference in flux intensity combined with the fact that
the (n,'Y) thermal reactions have cross sections which are
usually larger by two or more orders of magnitude, usually
results in the masking of any threshold activation products.
In addition, the threshold reaction often produces the same
activation product as an (n,'Y) reaction with a neighboring
isotope. For example, phosphorus-32 is produced from
both sulfur and phosphorus.

Suppression of (n,'Y) Reactioas Uliag Neutnla SldeIcIa.
The common method of reducing the amount of (n,'Y) re­
actions occurring in an irradiated sample is to surround the
sample with a cadmium liner. The existence of a large res0­

nance at 0.173 eV makes cadmium an effective neutron shield
for thermal neutrons of energy below 0.5 eV (Figure 2).
However, it is not effective in reducing the (n,'Y) activation
due to the epithermal neutrons. The (n,'Y) cross sections ofall
the elements have IfV tails which extend into the epithermal
region. In addition, many of them have large resonances in
this region. Examples of two such Cl'OSHectiODS are shown
in Figure 2.

A NUCLEAR REACTOR is an excellent intense source of high en­
ergy neutrons, i.e., uncollided fission neutrons. These neu­
trons can be used to induce (n,p), (n,a), (n,2n), and (n,n') re­
actions, especially in the lower weight elements. This capa­
bility is not usually employed in thermal reactor activation
analysis because of interference from (n,'Y) reactions. The
traditional way of treating this problem is to surround the
sample with cadmium, which is effectively black to thermal
neutrons. However, this approach does not significantly re­
move resonance neutrons above the cadmium cut..otr. Thus,
elements such as manganese and cobalt can still become highly
activated because of their high resonance cross sections.
Also, if a pneumatic transfer system is employed for short
half-life work, the sample carrier is usually a hydrocarbon
material such as polyethylene which will moderate some of the
high energy neutrons passing through the cadmium, adding to
the (n,'Y) interference. In this work, two types of boron­
polyethylene irradiation containers were constructed and
tested to evaluate their effects in reducing (n,'Y) reactions.
The boron-IO in the containers has a large IJV neutron cap­
ture cross section which extends well into the resonance re­
gion and, therefore, is effective both in reducing the resonance
flux reaching a sample and in absorbing any neutrons ther­
malized in the polyethylene. The boron also does not become
significantly activated so that pneumatic sample carriers made
of this composite material can be safely handled.

Fast Neutron Activation with Nuclear Reactors. The
fissioning of the most common reactor fuel, uranium-235,
results in a spectrum of neutrons with energies from below
0.1 MeV to about 20 MeV. The average energy of this
fission spectrum is about 1.9 MeV and the most probable
energy is about 0.65 MeV, with 66% of the neutrons having
energies between 0.5 and 3 MeV. The number of neutrons
falls off exponentially with energy above 3 MeV. The in­
tensity of the fast flux component of most research reactors
utilized for activation analysis is in the range of lO" to 10"
neutrons/sec-cm'. The intensity and energy of these neutrons
are enough to induce usable (n,p), (n,a), (n,2n), and (n,n')
reactions in many elements. Some of the more interesting
threshold reactions are listed in Table I for isotopes that are
analyzed more easily this way than with thermal neutron re­
actions.

The neutron flux spectrum contains two other components
beside the fast neutron component (Figure I) (I). These are
the resonance or epithermal component which consists of
neutrons that have been partially slowed down, and the
thermal component which consists of neutrons that have
slowed down completely and are in thermal equilibrium with
the moderator.

The relative intensity of these three components varies with
position in and around the reactor core, and with reactor
types. It is primarily a function of the moderator. For the
common light water research reactor, the thermal flux will be

(I) F. F. Dyer, in "Guide to Activation Analysis," W. S. Lyon,
Jr., Ed., D. Van Nostrand Company, Prinoeton, N. J., 1964, pIS.
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(4) W. F. Nauabton and W. A. Jeoter,lbId., Vol. I, PP 490-494.

Reaction HaIl'·lIfa
"Nl(n,,.)"Na 15 br
"A\(n,,.)-A\ 2.3 min
"P(n,,.)"P 14 days
"C\(n,,.)"O 37 min
"Ar(n,,.)"Ar 1.8 br
"MD(n,,.)"Mn 2.6 br
"CU(n,,.)"Cu 13 br

• Approaimale cross section at 0.025 aV.
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Some researchen bave used boron in combination wilb
cadmiwn to obtain suppression in bolb Ibe Ibermal and
epitbermal ranges (2), As shown in Piaure 3, boron-IO in
natural boron has a Jarse IfV cross section Ibat extends from
Ibelbermal well into Ibe monanee ranse (3),
~ III E1aploylq Nealraa SbieIdI. Oidmiwn

metal in \he form of \bin Sheets bas found wide application
as a IhermaI neutron Shield, Most research reacton bave
cadmium-lined vertical tubes and pneumatic rabbit terminals
for Ihermal neutron suppression. Boron unfortunately is
not available in a form usable in a simi1ar manner at such
facilities.

Anolber problem Ibat is encountered when conducting
activation analysis involving short-lived radioisotopes is re­
lated to Ibe bydrosenous containers used in pneumatic trans­
fer systems. Inserting container materials such as poly­
elbylene into a shielded irradiation terminal will cause Iber-

(2) D. C. Boq, R. E. ScId. P. Kic:oIe, and L <:ambd, bII. J. Appl.
1IAJiJGI. bouJp.ll, 10 (1961).

(3) D. DeSoelc, R. Oijbels, aDd I. HOlle, "ProceediDp, 1nlcr­
natloaaJ ConCaence, Modern Trends in Activation AnaJ)'Iis,"
VoL II, NatiOllll1l1ureau of SIaDdudI, Wasbln8lon, D. C., 1968,
pp 699'-750. .

TallIe D. s..e-- <-..r) 1DlId_ RClIdUI
er-.section,

bamr
5.3 X I<t-"
2.3 X 10-'
1.9 X 10-'
4.3 X 10-'
6.3 X 10-'
1.3 X 10'
4,5 X Ill'

malization of fast neutrons wilbin Ibe shielded region, con­
siderably increasing Ibe (n,,.) reactions.

The aulbon encountered Ibose problems in two projects
attempting to utilize Ibresbold reactions for activation analysis
using Ibe Penn State nUOA Reactor. One case involved Ibe
pulsed neutron activation analysis for oxygen (4) using Ibe
UO(n,p) UN Ibreshold reaction (Table I) to measure the oxygen
content of minute amounts of rare earth oxides. In this case,
Ibe 6.13 and 7.12 MeV gamma rays of nitrogen·16 are weU
above Ibose of almost all other activation products. The
problem encountered was Ibat even using Ibe rabbit termi­
nal with a 2O-mil cadmiwn liner, enough (n,.y) activation
products were produced to cause such an intense sample
activity, that high analyzer dead time and considerable ran­
dom summing of detector pulses up inlo Ibe range of the
nitrogen-16 peaks caused unaceeptable errors in \his analysis.

A second case involved the analysis for the protein in meat
and leaves by determining the nitrogen content using Ibe
UN(n,2n)"N threshold reaction (Table I). The O.SH MeV
annihilation photon was to be used for this analysis, but the
amount of interference from the "Mn(n,,.j"Mn reaction
(Table mmade \his technique unusable. "Mn has a high
(0,,.) cross section in the Ibermal as weU as resonance regions.
Even using the cadmiwn lined rabbit terminal, a satisfactory
analysis could not be obtained because of this interferenee.

Polyetbyl--'8oron Rabbill. In searching for a solution
for Ibe problems of resonance activation and thermalization
of fast neutrons by \he hydrogen in the rabbits. it was noted
\hat polyelbylene bricks containing boron were available on
\he market at a relatively low price. These bricks are sold
as neutron shieldina materials. It was decided to purchase
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Table IV. Relative lDduced Pboopborus-32 AdlvttIeo for
Equal Wefgb15 of PboIpborus aud Su1f... llllder Three Dur......t

ShIelding Conditions

Strong Resonances

"Mn(n,'l')"Mn \ 0.79 0.37
"Co(n,'l'l"Co 33 \ 0.74 0.34
It7Au(n,"Y)l"Au 11 \ 0.91 0.21

Threshold Reactions
"Al(n,a)"Na I 0.93 0.925
US(n,p)up LOS \ 0.9\

two of these bricks to use in constructing rabbits, and then
to test their utility for our needs. It was hoped that the
boron would compensate for the neutron moderation in the
polyethylene. One brick contained 5% boron powder.
The second brick contained 30% boron in the form of boron
carbide powder. Upon receipt of the bricks, it was found
that the composite materials were too weak to machine the
threads required in the rabbit design being employed. Thus,
both bricks were irradiated in the Penn State cobalt.f>O ir­
radiation facility to a dose of 10' rads, cross-linking the poly­
ethylene, and thereby improving the strength and machin­
ability of both bricks.

Figure 4 shows the rabbit design employed. The design
essentially encloses the sample in at least '/, inch of poly­
ethylene-boron material in all directions. The 5 % boron
material did not pose any machining problems, but the ma­
terial containing boron carbide was extremely difficult to
machine because of the high rates of tool wear in both high
speed steel and tungsten carbide tools. The high speed steel
tools had to be reground for every I minute of cutting time.
This tool wear also add<d contamination to the finished rabbit,
which increased its activity upon neutron irradiation.

It was anticipated that the presence of the boron carbide on
the surface of the rabbit would also cause erosion to the alu­
minum tubing of the rabbit system in addition to contaminat­
ing the rabbit with aluminum·28 activity. This potential
problem was overcome by using a solution of polystyrene in
benzene to periodically coat the wear points with a layer of
polystyrene.

Testlag of PoIyetlaylene-BoroII Rabbill. Table III shows
the results of testing these two rabbits on eight neutron
reactions, three with no strong resonances in the epithermal
region, three with strong resonances in the epithermal region,
and two threshold reactions. Four experimental conditions
were employed. The unshielded condition employed a
standard Oeneral Atomic polyethylene rabbit and in-core
terminal not containing a cadmiwn liner. 1be second
condition employed the standard General Atomic poly.

1/2" ~ 1116 Groove For
j / Screw-Driver
-0--9N6' Ttreads

"r PLUG
7/8DfA-t l-

I~' '~...~'
4" :. 1/2"10

L__
1/4"

1"DIA -l L RABBIT

Flaure 4. Scbematic ofpoIyetlay~nbbIt

ethylene rabbit along with a 2O-mil cadmium lined in-core
terminal. All the data were normalized to this condition,
since each readion was evaluated using this set-up. 1be
third and fourth conditions employed the same cadmium
lined terminal with, respectively, the 5% boron rabbit,and
the 30% boron rabbiL

The results shown in Table In indicate a number of points
which would be expected. The gneatest reduction of adlva­
tion occurred with those reactions which have essentiaUy ltv
cross sections, where a reduction of two orders of magnitude
was obtained between the unshielded and the 30% boron plus
cadmium liner conditions. The reductions were 50mewbat
less for the reactions involvios the strong resonances, with the
worst case being the reduction in the manganese-56 activity.
This is probably due to the higher energy oC the resonances of
this reaction being in a region where the boron cross sectioo
has fallen off to a relatively low level. The resonance of
cobalt-59 is also higher than that of sold·197 and this ex­
plains its higher degree ofactivation.

The two threshold reactions indicate the relatively smallloas
of Cast neutrons in passins through the shielding materials and
thus the small reduction in the amount of sample activation.

PboIpbonI&-Sulfur MeasaresDmlI. An examination was
made oC the utility oC the 30% boron rabbit plus the cadmium
liner to reduce the interference from the (n,"\') reaction to a
threshold reaction, where the activation products are. the
same.

Equal amounts of phosphorus and sulfur in the form NBC"
H,PO. and (NHJ,SO. were irradiated in three of the above­
mentioned conditions. The relative amount of the phos­
phorus-32 produoed in each case was normalized to the activo
ity of the sulfur irradiated in the unshielded condition. Table
IV shows that in the unshielded case. the ac:tivity of the up
from the phosphorus was about 16 times more than that from
the sulfur. Using only the cadmiwn liner, the ac:tivity from
the phosphorus was about 77% of that from the sulfur. Us­
ing the 30% boron rabbit plus the cadmium liner. the activity
from the phosphorus was only 20% of that produced from the
sulfur, 8 net improvement of about 8 factor of 80 over the
unshielded case in the ability to measure sulfur in the PRSCIICC
ofphosphorus.

This capability has been exploited for measurinB the positioo
of phosphorus and sulfur compounds separated OIl chroma·
tographic strips. A 30% boron brick was cut in half and a
slot machined to take the strip and ftlllt JOODiton. lbe bride

0.\2
0.23
0.28

307,8
+Cd
Uner

307, 8
+ Cd Uner

0.17
0.88

0.49

Cd Uner

0.71
0.93

22
ZT

Unshielded
16
I (Basis)

lDduced ActloIt* (ReIlItlJe) IIIlder VuIouI
Neutroa s.JeId.JaI~

Cd 57, 8
Uner, + Cd

Unshielded Basis Uner
No Strong Resonances

\ 0.44
I
I

Reaction

Reaction
IIp(n.''Y)UP
"S(n,p)UP

TableID.

"AI(n..r)-A1
np(n,,.)"P
"Cu(n,'l')"Cu
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did not require initial irradiation hardening since the two
pieces were held together by aluminum wire. The chroma­
tographic strips arc placed in the polyethylene boron brick
and inscrted into a vertical irradiation tube containing a 20-mil
cadmium liner. After irradiation, the strips occ scanned for
the location of the "P peaks from lhe "S(n,p)"P reaction.
The strips are then irradiated with no shidding to locate the
lip peaks from the "P(n;y)"P reaction.

Irradiation Effects on Boron-Polyethylene Material. Ir­
radiation containers constructed from the boron-polyethylene
should be limited to relatively short irradiation periods because
of two rcasons. First, the boron·JO nuclear reaction,
10B{n,cr)lLi, results in lrcmendous deposition ofenergy into the
polyethylene matrix by the recoil energy of the alpha particle
and the Iithium-7 nueleus.

An experiment was conducted in which the above mentioned
irradiation brick was ex.posed to 8 total thermal neulron dose
ofaboul5 X 10 11 nvt over a three-hour period. Some melting
and fusing of the material occurred caused primarily by the
heating effect of these recoiling activation products. In the
other measurements involved in this work, irradiation doses
did not exceed 3 X 10" nvt each time over a 9-minute period.
In these tests, no such heating effects were observed.

The second factor that limits the usc of these irradiation

containers is the deterioration of the polyethylene matrix with
accumulative neulTon doses in excess of about ]0 11 nvt. This
deteriorution results in a serious swelling and loss of tensile
strength. Therefore, the authors have limited the usc of this
material to the construction of containers for short irradiation
periods.

Suggested Methods for Improving This Technique. The
first step in improving the manufacturing of these rabbits
and other types of polyethylenl~boronirradiation containers
would be to obtain material made from boron instead of the
boron carbide. In addition, if the boron is enriched with
boron-la, the effectiveness of the containers as absorbing
material would be improved without increasing the amount
of this foreign material in the polyethylene.

Another approach which might help solve the problems of
neutron moderation in irradiation containers and irradiation
deterioration of the containers and also obtain larger epi­
thermal neutron absorption capabilities might be to produce
such containers from boron carbide or boron nitride. Mod­
ern sintering technology could be employed to produce such
containers from these ceramic compounds.

RECEIVED for review March 16, 1970. ACCepted November
20,1970.

Determination of Iron by EDTA Titrimetry of
the Thiocyanate Complex
Antonio de A. Figueiredo

Insli/u/o de Teen%gia A/imentar, Rua Jardim Bo/anieo, 1024, ZC·20. Rio de Janeiro, Brasil

acid; isoamyl alcohol; 20% aqueous potassium thiocyanate;
sodium acetate; and O.OIM EDTA solution (oblained by
dilution of O.IM stock solution standardized against zinc
chloride).

Procedure. Three or four drops of concentrated nitric acid
are added to about 20 ml of iron solution which is heated on
the water bath for 30 minutes in order to ensure total oxida­
tion of the iron. After cooling, the solution is transferred
to a 125-ml separatory funnel; 10 ml of isoamyl alcohol and
5 ml of 20 % potassium thiocyanate arc added, upon which
the characteristic red color of iron(III)-thiocyanate appears
immediately (Equation 1).

The contents of the separatory funnel arc well shaken for
approximately 1 minute and afterward decanted. The almost
colorless aqueous layer is transferred back to the same beaker
in which the solution was heated; the colored organic layer is
transferred to an Erlenmeyer flask for subsequent titration.
The aqueous phase is re-extracted twice with isoamyl alcohol
(I X 10 ml, 1 X 5 ml). To the combined organic solutions,
25 ml of water and a small amount of sodium acelate (300­
400 mg) arc added. This results in a decoloration of both
phases caused by the equilibrium (Equation 2).

[Fe(SCNln]" 'J+ + Acetate ~

Aceto complexes + nSCN - (2)

Hydrochloric acid, 25 % (v/v), is added carefully until
the pH reaches a value between 2 and 3. The red color will
reappear. The solution is heated on a water bath to 40-50 °C
and titrated with O.OIM EDTA solution until the color dis-

THE THIOCYANATE IRON COMPLEX is not satisfactory for analyti­
cal purposes since the color is neither stable nor proportional
to the concentration and may be influenced by various fac­
tors (/-3). These inconveniences and interferences can be
eliminated if the [Fe(SCN)n]"-')+ complex is extracted with
an organic solvent, such as isoamyl alcohol. The complexo­
metric titration with EDTA in acid medium (pH 2-3) is selec­
tive for iron since the majority of metal ions will not undergo
complex formation at such low pH values (4).

The association of the two mentioned conditions-ex­
traction of the iron(tII)-thiocyanate complex with isoamyl
alcohol, and EDTA titration in acid medium-enables a sim­
ple and accurate volumetric determination of iron. In the
proposed method, water is added to the isoamyl alcohol solu­
tion of the iron(tII)Cthiocyanate complex and the conditions
are adjusted to optimize the complexation of iron. The ti­
tration is performed dircctly, with both the aqueous and or­
ganic layers present in the titration flask. The end point­
decoloration of the organic 'phase-is easily observed.

EXPERIMENTAL

Reagents. Reagent grade chemicals were used throughout:
25% (v/v) aqueous hydrochloric acid; concentrated nitric

(I) C. A. Pelers, M. M. MacMaster, and C. L. French, IND.
ENo. CHEM., ANAL. Eo., 11, 502(1939).

(2) M. E. Kahane, Bull. Chim. France, 41, 1403 (1927).
(3) H. W. Winsor, IND. ENo. CHEM., ANAL. Eo., 9, 453 (1937).
(4) G. Schwarzenbach, "Comple.ornetric Titrations." 2nd ed.,

Methuen & Co. Ltd., London, 1960, p 77-78.
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Fe" + nSCN- - [Fe(SCN)n]"-')+ (I)
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The proposed method is probably suitable for determination
of iron in foods, feeds, pharmaceuticals, and minerals.

Rd lid
dev

1.3
1.3
1.5

IrOD found, "I
83.78

167.55
418.88

No. of
detn

3
3
4

Table IL LeYell of IDterfereoce from Varioal CatloDa
Iron

taken, Diverse ion. Iron fouod, Dilrermce,
"I added "I "I 7-

169.78 Co 16 173.13 1.9
169.78 Ni 25 167.55 1.3
169.78 Mn 44 167.55 1.3
169.78 Cu 36 167.55 1.3
169.78 AI 80 167.55 1.3
169.78 zn 41 167.55 1.3

Iron taken,"1
84.89

169.78
424.45

The author wishes to express his indebtedness to Dr. David
Goldstein, Laborat6rio da Produ~oMineral, Rio de Janeiro,
for his experienced help in prepariag the final manuscript

RESULTS AND DISCUSSION

Good rcsults were obtained with amounts of iron in the
range 50 to 1000 "g with almost the same precision. The
values of several determinations are presented in Table I.

The interference due to the presence of phosphates, fluo­
rides, and oxalates is eliminated by extraction with isoamyl
aleohol (5). The small amounts offoreign ions such as Ag+,
Cu'+, Co:t+, ZnH , etc., do not interfere as can be seen in
Table II.

The method has been successfully used in the determination
of iron in samples of coarse salt and calcinated bone meal
used as supplements in callie feeding. Thirty-nine ppm of
iron could be detcrmined in a sample of coarse salt. II was
also used for the determination of iron in plants. In this case,
the previous mineralization was made afler Ward and Johns­
ton (6).

(5) G. W. Monier-Williams, "Trace Elements in Food," Chap­
man & Hall, Ltd.. London, 1949, PP 257-261.

(6) G. M. Ward and F. B. Johnston, "Chemical Methods of Plant
Analysis," Canada Department of Agriculture; Publication 1064,
Feb. 1960.

appears in both phases (Equation 3).

(Fe(SCN)n]' ...·j+ + yl- - FeY- + nSCN- (3)

For amounts of iron below 1 mg, a microburet should be
u~. ~en the.end point approaches, the amyl alcohol layer
will be slightly pmk. (A few more drops of the titrant wiU
promote complete decoloration.) From this point on after
each drop of titrant, the Oask must be agitated vigorousiy and
then allowed to stand for 20 to 30 seconds and the color of the
amyl aleohollayer observed. The end point is reached when
this is colorless. The result of the determination is calculated
from the volume of EDTA consumed.

Confirmation of the High Aromaticity of Anthracite by
Broadline Carbon·13 Magnetic Resonance Spectrometry

H. L. Retcofsky and R. A. Friedel

U. S. Deparlment of the Interior, Bureau of Mines, P;mbllTgh Energy Research Center, 4800 Forbes Are., Pittsburgh, Pa. 15213

ANI1lRACrnC COALS are generally considered to be highly
aromatic substances. The aromaticity of coal as well as of
other carbonaceous materials is defined as the number of
aromatic carbon atoms divided by the total number of carbon
atoms and is designated f.. Literature values of J~ for
anthraci1es lie in the raage 0.90 to 1.00 (I). A large variety
of physicochemical techniques including measurements of
sound velocity, heat of combustion, proton magnetic res0­

nance, and graphical densimetnc methods have been used to
arrive at these vaJues. Detailed discussions of these and
other methods of estimating /. for coals have appeared in
several books (1-4). The main objections to each of these

(I) D. W. van Krevelco, "Coal," Elsevier, Amsterdam, 1961, p
447.

(2) H. TschamJer and Eo DeRuiter, "Chemistry of Coal Utiliza­
tion," Suppl. Vol., H. H. LowrY, Ed., Wiley, New York, 1963, p
35.

(3) W. Francis, "Coal," 2nd ed, Edward Arnold, London, 1961, p
720.

(4) H. Tschamler and Eo DeRuiter, "Coal Science," R. F. Gould,
Ed., Amer. Chern. Soc., Washington, D.C., 1966, P 332.

methods are that none of them yields a truly direct measure of
f. and that a11!.'s calculated from the data obtained from the
particular measurement involved require a priori assumptions
about the structure of coal. The present investiption was
undertaken to explore the use of broadline carbon-13 nuclear
magnetic resonance (IIC NMR) spectrometry of solids in
studies of coal structure, For this purpose, "C spectra of an
anthracitic coal and the completely saturated hydrocarbon
adamantane were obtained. "C NMR of solids, a relatively
new technique, is potenlially a method for the direct determina­
tion of aromaticities of coals aod other organic materials of
limited solubility.

EXPERIMENTAL

NMR spectra were obtained usiog a Varian Associates
Model DP-60 spectrometer operatiog at 15.085 MHz and
equipped with a time-averaging computer and Fieldial scan·
ning unit, Broadline deteclioo of the dispersion mode was
employed throughout, thus aU spectra produced are lint
derivative curves. The modulatioo amplitude was 0.156 G
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Figure 1. "C NMR spectra of Dorrance anthracite and solid adamantsne

at a sweep frequency of 40 Hz. Chemical shifts are referred
to oeat carbon disulfide and are designated 6,. In order to
minimize errors duc to sweep nonlincarities or peak asym­
metries, all chemical shift and linewidth measurements arc
average values from two sets of time·averaged spectra: or~e

obtained while scanning the magnetic field from low to high
field, the other while scanning from high to low field.

RESULTS AND DISCUSSION

Broadline J'C NMR spectra of Dorrance anthracite
(moisture and ash-free analysis: 92.70% C, 2.53% H, 2.95%
0,0.98% N, 0.84% S) are reproduced in Figure 1 (upper
traces). Spectra obtained during both increasing field sweeps
(738 scans) and decreasing fiel.d sweeps (564 scans) are shown.
The chemical shift 6, was measured to be 53 ppm, however,
errors of several ppm are probable. The spectral linewidth
at one-half intensity l1H is 1.5 G. Spectra of adamantane
obtained during increasing field sweeps (277 scans) and de­
creasing field sweeps (571 scans) are also shown. For solid
adamantane 6, ~ 163 ppm and l1H = 0.8 G. A chemical
shift correlation chart iridicating the general spectral region
of absorption by aromatic and saturated carbon atoms in
selected hydrocarbons appears near the bottom of the figure.
The chart is based on published data for methyl- and ethyl­
benzenes (5-7), hydroaromatic hydrocarh9ns (7), and aromatic
compounds containing one fused partially saturated 5-mem-
bered ring (7). .

ChemIcal Shifl>. The chemical shift of the anthracite
sample (53 ppm) plus the fact that little if any absorption
occur.; in the spectral region· attributed to resonances. of
saturated carbon atoms attest to the high aromaticity of
anthracite. The purpose of obtaining spectra of solid ad­
amanlane was to extend the region of saturated carbon atom

(5) P. C. Lauterbur, J. Amer. Chern. Soc., 83, 1838 (1961).
(6) W. R. Woolfenden and D. M. Grant, ibid., 88, 1496 (1966).
(7) H. L. Reteofsky and R. A. Friedel, "Spectrometry of Fuels,"

R. A. Friedel, Ed., Plenum Press, New York, 1970, p 90.
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absorption shown in Figure I to include the effects of at least
some proton dipolar line broadening. Although some over­
lap with the anthracite resonance is apparent, the amount is
small. These results, though qualitative, leave little doubt
that anthracitic coals are highly aromatic substances. The
present work also suggests that measurements made with
more sophisticated spectrometers operating at higher mag­
netic fields should eventually lead to quantitative determina­
tions of the aromaticity of coals and other solid substances.

A second qualitative conclusion concerning the chemical
structure of anthracite can be drawn if anthracite's elemental
constitution is viewed in light of the J'C NMR results. The
high aromaticity of Dorrance anthracite together with its
very low atomic Hie ratio (0.325) can be best explained by
assuming the presence of large condensed polynuclear
aromatic structures in the coal structure. The ordering of
these structures in graphite-like layers may account for the
anisotropy of both the magnetic susceptibility (8) and the
electron spin resonance g value (9) found for this material.

Spectral Linewidths. A large portion of the Iinewidth in
the ''C NMR spectrum of solid adamantane is undoubtedly
due to dipolar line broadening by protons in the molecule.
Grant (10) has measured the chemical shifts of the two non­
equivalent groups of carbon nuclei in adamantanc in solution
by high-resolution NMR and found them to differ by ~9
ppm. No spin~spin coupling constants were measured since
proton decoupling was used. Assuming reasonable values
of 130 Hz for J"e---u' the total spread of the high-resolution
adamantane spectrum can be estimated to be ~330 Hz (~0.3
G) at 15.085 MHz. The observed Iinewidth in the solid is
more than twice this amount. McCan and Douglas (J J) have

(8) D. Bivins and S. Ergun, Scielli:e,IS9, g3 (1968). .
(9) H. L. Retcofsky, G. P. Thompson, and R. A. Friedel, U. S.

Bureau of Mines, Pittsburgh, Pa., unpublished work, 1969.
(10) D. M. Grant, Abstracts 6th Experimental NMR Conf.,

Pittsburgh, Pa., 1965.
(II) D. W. McCaU and D. C. Douglas, J. Chern. Plrys., 33, 777

(1960).



shown the importance of proton' dipolar line broadening in
the proton spectrum of solid adaman18ne and found that
motional narrowing of the adaman18ne resonance first
appears ~-I30 °C. "C NMR measurements at low tem­
peratures would be needed to assess the importance of proton
dipolar line broadening on the carbon resonance in adaman­
tane.

The linewidth in Dorrance anthracite is not easily explained.
Possible contributors to the linewidth include proton dipolar
interactions, unresolved carbon chemical shifts, chemical
shift anisotropy, and line broadening by paramagnetic im­
purities (free radicals) which are known to be present in the
anthracite (12). The paramagnetic contribution to the line­
width can be approximated using the Equation (/3, If)

~H = 3.8yhn

where y is the magnetogyric ratio of the electron, h is the
modified Planck constant, and n is the concentration of un-

(12) H. L. Retcofsky, J. M. Stark, and R. A. Friedel, ANAL.
a'EM., 40, 1699 (1968).

(13) A. Abragam, "Principles of Nuclear Magnetism'" Oxford
Univ. Press, London, 1961, p 128.

(14) M. N. Alexander, Phys. Reo., 172, 331 (1968).

paired spim in the sample. 1be \'lIlue of II for Donance
anthracite has been reported previously (12). Substitution
of this \'lIlue (S.3 X 10" lr') into the equation yields a
theoreticallinewidth about twice that observed experimentally
at room temperature. It is unlikely that unresolved chemical
shifts play an important part since these are known to cover
only a smali range in the case of polynuclear aromatics
(/5-17). It is possible, however, that chemical shiftanisotropy
in the solid may be important. Although it is not possible to
estimate this effect, it should again be noted that anisotropies
do exist in other magnetic propenies of anthracites.

RECEIVED for review October S, 1970. Accepted November
17,1970. Reference to trade names is made for identification
only and does not imply endorsement by the Bureau of Mines.

(IS) T. D. Alger, D. M. Grant, and E. G. Paul, J. A.mer. Chem.
Soc., 88, 5397 (1966).

(16) H. L. Retcofsky, J. M. HolTman, Jr., and R. A. Friedel, J.
Chem. Phys., 46, 4S4S (1967).

(17) R. J. Pugmire, D. M. Grant, M. J. Robins, and R. K. Robins,
J. A.mer. Chem. Soc., 91,6381 (1969).

New Method for Separation of Americium from
Curium and Associated Elements in the
Zirconium Phosphate-Nitric Acid System

Fletcher L. Moore

Analytical Chemistry DiVision, Oak Ridge National lAboratory, Oak Ridge, Tenn.

To ACHlEVE THE SEPARATION of americium from curium in an
all-inorganic syslem is the subject of a continuing study at
this laboratory. Current methods based on ion exchange
resins or organic solvents suffer from resin degradation,
excessive gassing, and solvent instability. Although several
inorganic systems (1-3) exist for this separation, they either
provide inadequate decontamination, require excessive ma­
nipulations, or they are too time-<:onsuming for analytical
and process applications.

At present the most widely-used method is based on the
precipitation of Am(V) as the double carbonate (I). It is
unsatisfactory because it requires multiple precipitations
involving the use of concentrated potassium carbonate
solutions. Various workers have found the subsequent re­
moval of coprecipitated curium and large amounts of car­
bonate salts to be tedious and difficult. In addition, the
carbonate precipitation method for americium cannot be used
for the final removal of smaU amounts of americium from
curium.

The cation exchanger, zirconium phosphate, was selected
as a promising candidate for the separation of americium
from curium because it is stable in oxidizing media, strong

(I) R. A. Penneman and T. K. Keenan. "11M: Radiochemistry of
Americium and Curium," NAS-NSo3006 (1960).

(2) F. L. Moore, ANAL. <:HEM., 35, 71S (1963).
(3) H. P. Holcomb. Ibid.• 36, 2329 (1964).

nitric acid, and elevated temperatures; moreover, it exhibits
superior resistance to ionizing radiation over the organic
ion exchangers and organic solvents.

The new method described here is based on the negligible
sorbability of Am(V) on zirconium phosphate from dilute
nitric acid solutions. Under the conditions used, Cm(III)
and a number of other elements are strongly sorbed.

For analytical applications the isotope dilution technique
in conjunction with alpha spectrometry is used for an ac­
curate determination of tUAm.

EXPERlMENrAL
Apparatus. An internal sample methane proportional

counter was used for fission, alpha, and beta counting at
voltage settings of 2100, 2900, end 4300, respectively.

ANal weli·type scintillation counter, 1'/. X 2 inches,
was used for gamma counting.

A silicon diode detector (3 cm') coupled to a 2S6-<:banne\
analyzer was used for alpha spectrometry.

A glass tube, 5 mm i.d. and 180 mm in length~ drawn
to a lip at one end. A small glass wool plug was. tnse~
in the tube to retain the support. To prevent disruption
of the column, a small glass wool plug was placed on top
of the column.

Reagents. HNO.. O.OIM; HNO., 10M; and (NHJ,S,o.,
O.5M were used.

Zirconium phosphate cation exchange crystals, Bio-Rad
ZP-I, 50-100 mesh, hydrogen form is available from Bio-Rad
Laboratories, 32nd and Griffith Ave., Richmond, C8lif.
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>5.5 X I()'
>2XIQI

3 X 10'
8.5

>2.5 X 10'
2.1 X 10'

>4.5 X 10'

UTCesium
ut-&Europium
u'Uranium
'''Plutonium
u~rium

u'Berkelium
u'Califomium

Table I. Decontamination of Americium
In the Zlrconlum Phosphate-Nitric Acid Method

Element Decontamination factor

(4) F. L. Moore, ANAL. CHI!M., 40, 2130 (1968).

ously developed (4). Ammonium persulfate oxidizes Am(lII)
to Am(VI) in dilute nitric acid solution. In thc absencc of a
holding oxidant or stabilizing anion, Am(VI) reduccs to
Am(V). The optimum conditions selected for the prepara­
tion of Am(V) arc 0.01-{).J M nitric acid, 0.05-{).J M ammo­
nium persulfate, IO-minute oxidation at 80-90 "C followed
by a 5-10 minute cooling period at room temperature.

Early batch type experiments indicated that the large
AmO.+ ion showed little tendency to sorb on zirconium
phosphate from dilute nitric acid; Am(lII) and Cm(lll)
sorbed strongly. 'rhe following column conditions were
selected for the separation of americium and curium: 5 X 30
mm column of zirconium phosphate (50-100 mesh). room
temperature operation at a flow rate of 7-8 drops (-D.3 ml)
per minute; eluents, 10 ml ofO.OIM HNO. for Am and 10 ml
of 10M HNO. for Cm.

Typical elution curves are shown in Figure I. Am(V)
elutes rapidly from the column with O.OIM HNO.. If
desired, the Cm(lII) may be eluted with 10M HNO,. The
curium elution curve shows some tailing, a characteristic of
inorganic exchangers. However, about 97% of the curium
elutes in 5 ml of 10M HNO.; quantitative elution is achieved
with 10 ml.

The recovery of americium and its decontamination from
curium is excellent. Americium yields average about 90 %
with curium decontamination factors >2.5 X 10'. The
method requires only about 11/, hours.

Ammonium persulfate concentrations of 50.2M resulted
in slightly premature elution of curium and europium. Pre­
sumably, persulfate, sulfate, or bisulfate ions complex the
trivalent ions, thereby lowering their distribution coefficients
for zirconium phosphate.

Several attempts were made to oxidize Am(III), previously
sorbed on the zirconium phosphate column, to the nonsorb­
able Am(V) oxidation state. Allhough Am(lII) sorbed tightly
at O.OI-{).lM HNO., subsequent yields of Am(V) were very
low. In addition, at the elevated temperature required for
oxidation, mechanical difficulties associated with gas bubble
formation prevented smooth column operation.

Although the major interest in this study was the separation
of americium from curium, some observations were made of
the behavior of several other metal ions often associated with
americium. Table I shows that high decontamination is
achieved from these clements. Decontamination factor
equals the total amount of clement in the feed solution divided
by the total amount found in the americium product.

The zirconium phosphate-nitric acid system described
affords an impressive separation of americium nol only from
curium but also from other actinide clements, lanthanide
elements, and cesium. The trivalent ions of the transcali-

o.OIMHNO, 10M HNQ

•
Am(lZ) Cm(ml

f'

\..
5 '0 15 20 25
VOLUME OF ELUATE, ml

Figure 1. Separation of americium from cu­
rium by cation exchange in the zirconium phos­
phate-nitrlc acid system

Column: 5 X 30 mm, zirconium phosphate (50­
100 mesh), 23° C, now rate = ......0.3 ml per minute

2.5,,0'

To 10 grams in a I-<>z screw cap bottle, add 25 ml of O.IM
HNO.. Shake well for about 30 seconds and allow the
crystals to settle for about 15 seconds. Pour off the super­
natant solution and repeat the procedure five times. This
removes most of the fines from the zirconium phosphate crys­
tals. Store in 25 mI of O.JM HNO•.

Column Preparation. FiJI the glass tube with 0.01 M
HNO,. By use of a medicine dropper, add to the glass tube
the slurry of zirconium phosphate exchanger, 5-{j drops at
a time. Tap the column after each addition, being careful
to eliminate air bubbles. Pack the column to a height of
30 mm and allow the nitric acid to drain to near the top of
the column. Do not allow the column to run dry. Con­
dition the column by passing 5 ml o(O.OIM HNO.through It.
A flow rate of 7-8 drops per ntinute (-0.3 ml) is attained.

Procedure. For analytical purposes add to the sample
solution an aliquot of a standardized solution of "'Am
(5.48 mev) contained in O.IM HNO,. The alpha radio­
activity of the. "'Am added should be about one half the
estimated alpha radioactivity of the "'Am (5.27 mev) in the
sample aliquot.

For general purification purposes omit the above paragraph.
Adjust the sample solution to 0.01 M HNO.-{). I M (NH,),S,O•.
Mix gently by swirling. Oxidize the americium by heating
the tube in a water bath at 80-90 °C for 10 minutes. Remove
the tube and cool for 5-10 ntinutes in a beaker of water at
room temperature. .

Place a ID-m1 volumetric flask under the 'column to collect
the americium fraction. Transfer the oxidized' solution to
the column and elute with O.OIM HNO, at 7-8 drops per
ntinute until 10 mI are collected. Mix well. EvaPOrate
100 1'1 or less on tantalum plates for alpha measurements.

If the curium fraction is desired, elute it from the column
with 10 ml of 10M HNO.. Mix well and prepare suitable
a1iquots on stainless steel plates for alpha measurements.

RESULTS AND DISCUSSION

The conditions used for the oxidation-reduction sequence,
Am(lll) ..... Am(V1) ..... Am(V), were sintilar to those previ-
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fornium clements would be predicted to sorb at least as
efficiently as californium from 0.01 M HNO.. Europium,
californium, and uranium elute L'SSCntially quantitatively in
the 10M HNO. fraction, as expected for the trivalent and
hexavalent ions. The elution curVL'S of Am(llll, Cm(Ill),
and Eu(lll) arc essentially identical.

Plutonium showed the lowest decontamination factor of
the actinide elements. The small loss of plutonium to the
americium product probably is a reflection of the strong
sulfate complexation, which lowers the distribution coefficient
for Pu(IV). About 82% of the initial plutonium eluted in
the 10M HNO. fraclion.

About 900/0 of the initial berkelium eluted in the 10M HNO.
fraction.

The separation of cesium from americium is striking. Less
than 10% of the cesium added to the column eluted with 10M
HNO.. Cesium exhibits a stronger affinity for zirconium
phosphale than many mullivalent ions. It is noteworthy
that no separation of cesium from americium is attained in the
cxtraction chromatographic melhod (4) recently developed.

A number of other elemenls not evaluated here arc known
to sorb efficiently from 0.01 M HNO, like curium. Among
these clements arc strontium, ruthenium, zirconium, niobium,
and iron.

APPLICATIONS

The zirconium phosphate cation exchanger for the separa·
tion of americium from a number of other elements is valuable
both to the analytical and preparative chemist. The column
operates at room temperature with relatively high flow rates

without the necessity to rescn to vacuum or high p~
techniques. The method is simple, fast, and ~uites few
manipulations-advantages for glove box or hot cell work.

Other attractive features of the zirconium phosphate--nitric
acid method are that it is considerably less corrosive than the
earlier fluoride systems developed (/-1), and it is more selective
for americium than the lanthanum fluoride (1), calcium fluo­
ride (3), or extraction chromatographic (4) methods.

We have used the new method as a satisfactory tool for the
purification and isolation of americium in solutions contain­
ing other aClinide (Ill, IV. VI) ions, lanthanide (III, IV) ions,
cesium, and various other ions. A practical problem which
often arises in the final purification of curium nuclides is the
removal of small amounts of contaminating americium. The
zirconium phosphate method described here offers a promis­
ing approach for achieving that separation.

In process work the most common interferences encountered
arc chloride ion and Q.hydroxyisobutyric acid. These inter­
ferences may be eliminated by evaporations with concen·
trated nitric acid.
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Rapid and Efficient Method for Removing Viscous Polymer
Solutions from Nuclear Magnetic Resonance (NMR) Sample Tubes

Alex Jakab

Research Luboratories, The Goodyear Tire & Rubber Co., Akron, Ohio 44316

WE ROUTINELY analyze polymers by NMR and we have found
that the usc of solvents, strong acids, cleaning solution (1) or
pyrolysis to clean the sample tubes is not always successful.
We have devised a method for removing these viscous polymer
solutions from the sample tubes which is simple and rela­
tively rapid, and increases the lifetime of the sample tubes.

We utilize 8 nonsolvent to precipitate the polymer in situ,
in conjunction with a stirring rod made from a copper wite
formed into a closed-loop on one end. The diameler of the
loop is slightly smaller than the cHarneter of the sample tube.
The copper wire facilitales the mixing of the viscous solution
and the nonsolvent, and at the same time provides a nuclea­
tion site for the precipitation ofthe polymer.

Our experience has been limited to polybutadienes and
polyisoprenes in CCI, or benzene, and our procedure is as
follows:

(I) N. W. Jacobsen, J. Chem. EdJ;c., .7, 507 (1970).

The polymer solution usually fills the bottom inch of lhe
cylindrical sample tube. Sufficient rncthanol is added to fill
the sample tube. The copper loop is inserted and the. ~­
ture gently agitated by an up·and-down mollon of the surfing
wire. The precipitated polymer, which adheres 10 the copper
loop, and any polymer clinging to the wall of the tube are re­
moved by lifting the copper wire loop slowly out of the lube.
The liquid remaining in the tube now has a much lower
viscosity~sentially a CCI. (or benzene)-methanol mIX­
ture, SO it can be pourL'<! easily from the sample tube. If the
prL'Cipitation is incomplete, as indicated by only a shght change
in the viscosilY of the original sample, the nonvlSCous upper
layer is decanted and fresh methanol re-introduced.. A dis­
tilled waler rinse, followed by a half dozen acelone nnses of
both inside and outside of the tube, and drying in an air-oven
at 70 ·C completes the procedure.

RECEIVED for review August 26, 1970. Accepled October 8,
1970.
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Simple Device for Transferring Thin-Layer Chromatographic
Fractions for Spectroscopic Examination

Colin J. Clemett
UnileDer Research, Parr Sunlight Laboratory, Port Sunlight, Winal, Cheshire, L.62 4XN, UX.

THIN-LAYER CHROMATOGRAPHY provides a relatively quick
method for separating mixtures in amounts of the order of
100 }lg. Such quantities arc small if spectrometric examina­
tion of the fractions is required, so it is necessary to have a
means of transferring the fractions as cnicicntly as possible
from the plate into the medium relevant to the particular
spectrometric tcchniq uc.

This cnn be accomplished using the simple device illustrated
in Figure I. It consists of a disposable Pasteur pipet, the tip
of which has been turned in slightly and plugged with glass
fibcr filter shloct. The wide end is lilled with a bung carrying
a capillary tube bent as shown-a Drummond 100-1'1
Microcap is suitable.

Suction is applied at the plugged end of the pipet (a water
pump is adequate) and the mouth of the capillary applied to
the spot on the chromatographic plate to be collected. The
stationary phase containing the adsorbt~d material is thl:n
I:fiicil:ntly "vacuumed" into the pipet. Alternatively, the
pluggl:d Pasteur pipet can be placed inside a side-arm tubc,
the moulh of which carries a bung holding the capillary. One
end of the capillary is arranged to project into the mouth of
the Pasteur pipet while the other end is applied to the chroma­
tographic spot, and in this case suction is applied to the side­
arm. This method circumvents the restriction caused by the
plug in the Pasteur pipet and rl:sults in much more rapid
pick-up. However, care is required in adjusting the degree of
suction applied (very little is necessary), otherwise the material
is blown out of the Pasteur pipet and may be lost. The device
works extremely well for collecting granular adsorbents such
as silica and alumina, but is less successful with some fibrous
cellulose adsorbcnts.

\Vhen a fraction has been coUected, it is consolidated in the
narrow part of the pipet, forming a miniature chromatographic
column. This allows the adsorbate to be eluted in a very
small volume of a suitable solvent which is important when
dealing with only lenths of micrograms of material. Using
this technique we have consistently recovered 80 to 90% of
100 I'g amounts of an alkyl benzene sulfonate spotted on
silica and eluted with 20 1'1 of water.

Figure 1. Dc,,'icc for "Bcuum collection
TLC fractions

In many cases, the eluate from the Pastcur pipet may be
used directly for spectroscopic examination. For mass
spectrometry, the eluate is dropped slowly onto the probe tip
and the solvent allowed to evaporate. Clean spectra have
been obtained from as linll: as 5 Ilg of material. Similar
succcss, with 20·,ug amounts, has been obtained with infrared
spectrometry. In this case the eluate was dropped onto a
little KBr powder which was pressed into a microdisk after
evaporation of the solvent. For NMR spectrometry, it did
not prove possible to transfer the eluate directly into a micro­
ccll, us it was generally contaminated with water and the
solvents used to develop the chromatogram. This problem
was overcome by transferring the eluatc into a second Pasteur
pipet, the tip of which was scaled. Bridging the neck of this
pipet with a drop of solvent prior to adding the eluate confined
the latter to the wide portion of the pipet, which facilitated
evaporation of the solvent. After evaporation, thl: tip was
broken ofT and the material remaining washed down into a
microcell with the solvent of choice. In this way we have
obtained exccllent spectra from 100-200 I'g amounts (collected
from several chromatograms) of a number of compounds,
using spectrum accumulation.
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Modulated Power Unit for Driving Metal Vapor Discharge Lamps

F. M. "amm, T. L. Martin, and P. B. Zeeman
Department of Physics, University ofStellenbosch, South Africa

METAL VAPOR DISCHARGE lamps provide .convenient light
sources for atomic nuorescence spectrometry (1-3)- because of
their high intrinsic brightness and relative narrow lines when
driven at suitable current rates, -usually somewhat below the
factory rated value. Normally these arc driven directly from
the ac mains, chokes, resistors, or leakage transformers being

(1) R. M. Dagnall, T. S. Wcst, and P. Young, Talallfa, 13, 803
(1966).

(2) N. Omenelto and G. Rossi, Allal. Chim. Acta, 40, 195 (1968).
(3) J. D. Winefordner and R. A. Staab, ANAL. CHIM., 36, 1367

(1964).

490 • ANALYTICAL CHEMISTRY, VOL, 43, NO.3, MARCH 1971

used to give the necessary current limiting. The light output
from a lamp driven in this manner will be interrupted; the
intervals of light emission and darkness being unequal in time,
sec Figure I, a, b. This form of modulation is !'ather unsuit·
able to be used in conjunction with conventional lock-in de·
tector systems. These systems arc widely used in atomic
fluorescence and atomic absorption spectrometry because
name emission and flame background can thus be suppressed
to the level of their respective noise component determined by
the pass band of the amplifier and detector system. In many
instruments, e.g., the Zeiss PMQ II spectrophotometer, the
frequency of the lock-in detector is the mains frequency. For



ELECTRODE 2 1b fZ?iI fCJ
BEING CATHODE t (e)

Figure 1. Relallon between mains phase, light output, and
cathode posilion of electrodes
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shorter lamp life. Second, a marked inhomogeneity of the
envelope temperature leads to condensation of metal vapor at
the colder sites, sometimes partly blocking the optical path.

The difficulties mentioned above have been overcome by
using a lamp modulator, see Figure 3, in which use is still
made of suppressing one half-period of the mains voltage,
thus providing the correct modulation frequency for the
Zeiss instrument for examplc, but in the conducting phases the
electrodes are switched such as to make them anode and
cathode alternatively. This is demonstrated in Figure 1,
a,d,e.

Referring to Figure 3 a push-pull output is provided at the
points A and C with reference to point B. The silicon-con­
trolled rectifiers SCRI and SCR2 will with either contact 51 or
T1 closed at a time, only allow current to flow in say the posi.
tive half-period referring to the primary. Now contacts 51
and T1 are driven by the frequency divider circuit in such a
way that SCRI and SCR2 are prepared to conduct alter­
nately in the conduction phases. RI and R2 are the current
limiting resistors for the discharge tube. They should be ad·
justed for equal light output in both directions of the dis­
charge. This can easily be monitored with an oscilloscope at
the amplifier output. R3 and R4 have the function to damp
transformer oscillations which occur when the gas discharge
extinguishes towards the end of a half-period. RS and R6
limit the current through the trigger electrodes of the SCR's.

The timing of the relay contacts is not critical, as long as one
is closed before the firing voltage is reached and released

(0)

(d)

Cb)

(c)

220V AC MAINS

'rr' f\ f\ f\v\JVV
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Figure 2. Simple modu­
lation circuit for vapor
diseharge lamps

Figure 3. Modulated
power unit for driving
vapor discharge lamps
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the vapor discharge lamp, this would mean that they could be
driven correctly for instance, by inserting a rectifier in the cir­
cuit to suppress one half-period of the mains voltage, Sl'C

Figure 2. The light output from this arrangement is shown
in Figure 1, a, c. In all such arrangements the actual period
of light emission is slightly shorter than the intervals of dark­
ness. This usually docs not impair the performance of a
lock-in amplifier.

The above method, however, has the following two serious
disadvantages: When the lamps are driven from ac mains,
the electrodes are alternating anode and cathode, respectively.
Consequently the heat generated is equally distributed be­
tween the electrodes. In the case of the arrangement shown
in Figure 2 for the same average lamp current, one electrode
carries almost the total heat generated. This may lead to a

again before the firing voltage is reached in the following con­
ducting half-period when the same applies to the other con·
tact. These conditions are readily achieved by the circuit
without further adjustment.

This modulator has been used successfully in conjunction
with the Zeiss PMQ II spectrophotometer. No difficulties
should be experienced with the construction of the above cir­
cuit even by people not well versed in electronics, whereas
changes due to components being at hand may well be done by
the more experienced.

RECEIVED for review August 12, 1970. Accepted October 20,
1970. The authors thank the South African Council for
Scientific and Industrial Research for a grant in aid of this re­
search.
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Simple Continuous Electronic Readout for Rotameter·Type Fluid
Flow Measuring Devices Using a Photoelectric Transducer

Seymour Lowell and Stewart Karp

C. W. Post College, Long Island University, Greenvale, N. Y. 11548

BALL POSITION

110"·

Figure 2. Schematic
circuit diagram

1. Full W8\'C rectifier (In­
ternational Rectifier
18lJll4:\-C or equivalent).
2. Photo - cell (Clairex
CLSMSL or equil!alent).
3. Appropriate \'oltage
dh'ider for recorder or
meter, Rl = 5 Mu, R, =
50 kG

FLOATo

'0

Figure I. Modified rotameter

Figure 3. T)'pical calibration cun'c

is easily found by moving thc bulb until maximum signal is
obtained when the float is at some position in the tube.

The relation betwccn output and flow ratt.' or ball position
is not linear; therefore, calibration is requircd. Curves n:·
lating ball position to flow rate are usually supplied by the
manufacturer for a variety of fluids and prcssures. These
curves can be uscd for the modified rotameter, if only a cali­
bration curve relating output with ball position is determined.
Hence, usually only a single calibration curve nced be deter·
mined. Figure 3 shows an example of such a curvc.

No change has been observed in the calibration curve of a
modified rotameter over a period of a few months.

Rotameters modified as described here have been used in
our laboratory to monitor a variety of gases and aqueous
solutions, some moderately colored.

It has also been found that extremely low gas (probably low

ROTAMETER-TYPE FLUID FLOW measuring devices nrc used
extensively in laboratory as well as in engineering applica­
tions. In the laboratory, they are found incorporated in such
instruments as gas chromatographs, atomic absorption and
flame photometers, and many others. Rotametcrs read­
ily lend themselves to usc in a variety of bench experiments
involving gas or liquid flow. In many instances a continuous
and/or remote readout giving an electronic signal which can
be recorded would be desirable. This report describes a
simple modification of rolameters which provide such a
readout. Other modifications have been suggested to us,
but they arc not continuous or not so simple (I) as the one
described here.

Basically, a rolamc:tcr consists of a transparent glass lube
with a tapered bore vertically positioned with the wide end up.
The tube length and bore diameter are chosen in accordance
with the nature of the fluid and the flow rate range of interest.
A ball or other shaped "float" of appropriate size and density
rides up and down the bore as a function of the fluid flow
rate. The height of the float in a well designed tube is almost
linearly related to the flow rate. Calibration is required,
however, for accurate work.

Our modification consists of mounting a light source near
one end of the tube so that light rays strike the tube obliquely
over its entire length, and mounting a photo-sensitive cell
at the other end of the tube. Figure I is an example of such a
setup.

The device operates as follows: Light entering the tube is
refracted and reflected along the bore toward the photocell.
The light reaching the photocell is light which entered the
tube between the float and the photocell. Light entering on
the other side of the float is clTectiveiy blocked by the opaque
float. For a given geometry and fluid, the amount of light
reaching the photocell depends upon float position-hence,
upon fluid flow rate.

Most commercially available rotameters ean be modified by
simply drilling a hole in one of the mounting blocks directly in
line with the rotameter tube (sec Figure I) and eementing a
photocell over this hole. Light striking the sides of the photo­
cell can be avoided .by recessing the eell into the block or
simply by blackening it with paint or tape. The light source­
generally a convenient 12-V lamp-can be mounted with an
insulated clamp or soldered directly to the rotameter casing
if the casing can be used as a lead to the bulb. We used a 12­
volt bulb powered by a suitable stable power supply.

Electronic output suitable for use ~ith a potentiometric
recorder can be achieved with the Wheatstone bridge circuit
as shown in Figure 2. If the photocell is mounted at the
boltom and the light sourCe near the top of the rotameter tube,
the resistance of the cell decreases as flow ratc incrcascs.
The position of the bulb and photocell can be reversed and in
this case, the signal will also be reversed but no less useful.

The optimum position for the light source depends on the
geometry of the rotameter tube, but it is usually such that the
filament is within "I, to I cm from the tube. This position

(I) D. H. Fuller, U. S. Patent 2,912,858 (1959).
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liquid) flows can be monitored if the photocell is placed at the
bottom of the tube and the light source is placed a centimeter
or two from the bottom of the tube. Flows as low as 0.01
cc/min were easily monitored with gas rotameter tubes not
designed for such low flows.

In summary, this report describes a simple, inexpensive

modification of a basic rotameter-type flow device to provide
an electrical signal for monitoring fluid flows.

RECEIVED for review September 21, 1970. Accepted October
29, 1970. This work resulted from a project supported by
Quantaehrome Corp., Greenvale, N. Y. 1154g.

Low Cost Parallel-ta-Serial Converter for Digital Instrumentation
Morteza Janghorbani, John A. Starkovich, and Harry Freund

Department of Chemistry, Oregon State University, CorlXllli., Ore. 97331

CoMMONLY AVAILAaLE LABORATORY digital instruments, such
as digital voltmeters, typically store information in parallel
binary-coded-decimal (BCD) form. Long term storage ofsuch
data on paper tape, magnetic tape, or direct processing by a
computer frequently requires conversion of the data into a
serial form. Typical commercial units may cost between
$1000 and $2000, and are usually designed as part of more
complex subsystems, with special input-output characteristics
that may not be readily compatible with common digital
instruments.

A relatively low cost, yet versatile converter, was designed
using readily available TTL logic Ie's. Specifically, Figure 1
shows a block diagram of the converter employed to interface
a chemical instrument supplying parallel BCD data with a
teletype requiring serial ASCll Code. The parallel-to-serial
converter accepts BCD data from the output of the chemical
instrument via a DIGIT SELECTOR section. The parallel
BCD data arc then serialized, encoded, and are outputted
,-;a the OUTPUT STAGE onto the storage device.

Figure 2 presents a functional diagram of the parallel to
serial converter. The heart of the converter consists of three
4-bit static shift registers (Fairchild, U6B93005IX) which func­
tion both as serializer and ASCll Encoder. The BCD-out­
puts of the chemical instrument arc hard wired to the appro­
priate inputs INI to IN8; INI corresponding to the most
significant digit. IN9 is wired to generate the BCD represen­
tation of an ASCII blank (space). INI thru IN9 each con­
tains a quad 2-input AND gate (Motorola, MC3OO1P) and
four high speed diodes (I N662 Jan). The four outputs of
each of the quad AND gates are hard wired by means of the
diodes to the four inputs of the shift registers P, thru p., the
most significant binary bit (2') being connected to p.. Po
and p. thru PH of the registers (not shown in Figure 2) arc
hard wired to I's or O's to provide the remaining bits of ASCll
Code. Figure 30 shows the ASCll bit pattern for decimal
three.

When the start button is pressed (either manually or auto­
matically) the data available at INI arc fed to the inputs of
registers and arc shifted together with Po and P. through PH,
one bit at a time at the clock rate of 9.1 milliseconds per bit
to the output. After the 12 bits have been shifted out, the
counter-decoder (Fairchild, U6A998979X and Fairchild,
U6B930159X) counts up by one, making the contents of
IN2 available to the registers and this cycling continues until
the contents of IN9 have been serialized and shifted out. In
automatic mode, the P-S converter is reset and placed in
standby condition awaiting the next start pulse. The start
signal (print command) is a 9-volt square wave whose duration
is not critical. No stop signal is required. In manual mode,
the entire scanning operation repeats continuously, with two
temporary contact switches controlling start and stop opera­
tions. When the output is connected to a teletype, each cycle
results in the print-out of eight digits followed by a space. A
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word Ienlllh selettor swilCh is available on the front panel
which may be used to shorten the output word length 10 6 or
4 decimal diaits per word.

Fiaure 4 shows the detailed schematic of the converter.
The various blocks an: as follows: I, astable master clock;
2, input; 3, shift registen; 4, diait selector; 5; start, stop syn­
chronization; 6, SlOp sianal senerator; and 7, word length
selector. .

This P-S converter can be adapted readily to much fasler
data acquisition systems than a teletype by changins the clock
rate of the astable master clock. Clock rates up to 1.2 MHz
(100,000 12-bit words per second) have been employed suc­
cessfu1lY. The inexpensive input diodes used in this desisn
determine the upper clock rate, a limitation not considered
serinus aince this clock rate is already 100,000 limes faster
than the transmission rate of conventional teletypes. AI-

though the instrument was desisned primarily for use with
data acquisition systems acceptins ASCII Code, minor
modifications will make it adaptable to other codes if neces­
sary. Fisure 3 shows two of many coding systems that may
be handled by the instrument. No provision has been made
in this desisn for generation of carriase return and line feed
as the teletype is used primarily to provide data acquisition
on punched paper tape. However such special characters
can be generated but at an increase in cost and complexity
that depends on the format desired.

The P-S converter can be built for a total component cost of
less than $150 includins a well-regulated IC-power supply
constructed with Fairchild, U6E7723393 voltage resulator
(I). The components were assembled on a total of four PC

(I) Fairchild SemicondUClor, Mountain View, CaUf., Semiconduc-
tor Inlqrated Circuit Data CataJoa (1970)•
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Boards. The boards are approximately 5'/. X 7 X '/..
inches. The S-volt power supply for the converter is on a
separate circuit board with an edge type connector. so that it
can be used interchangeably with other equipment. The
circuit boards were mounted in a 7'/. X 13 X 9-inch shadow
cabinet box with the necessary switches. indicators, and jacks
mounted on the front panel. The complete parts list. as well
as copies of the PC masterpositives, are available on request.
With rnaster-positives, construction time is estimated to be
about 20-25 rnan-hours.

Rl!CElvED for review August 24, 1970. Accepted November
20. 1970. Work supported in part by research grant from the
Pacillc Northwest Pulp and Paper Association.
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Ceramic Pressure Device for Preparation of Known Gas Concentrations at the

100 Parts-per-Million Level

Herman D. Axelrod, Ronald J. Teck, and James P. Lodge, Jr.

Nalionai Cenler for Almospheric Research, Boulder, Coio. 80302

Raymond H. Allen

R. H. Alien Co., Boulder, Colo. 80302
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Figure 1. Ceramic gas dilution de.icc
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ically driven syringe system, and is more reliable than the
capillary because the gas is dispersed through many holes in
the porous material rather than through one small capillary
hole which can become damaged or altered.

The calibration of the flow of test gas through the frit in
relation to the regulator pressure can be accomplished through
the use of a wet test meter or a soap bubble flow meter.
Either of these will give accurate results. Figure 2 shows a
typical calibration curve for a hollow Mullite ceramic cylinder
section 3 mm long, 6 mm in diameter, and 2-mm-wall thick­
ness. By varying the pressure behind the frit and the flow
rate of the diluting gas, the experimenter can produce various
concentrations of test gas. Similarly, altering the diameter
and thickness of the ceramic frit will also change the flow
rate. For an accurate system, a flowmeter would be needed
for the diluting gas, but once the frit had been calibrated,
further calibration would not be needed.

RECENT EMPHASIS on the preparation of known diluted gas
streams for the calibration of equipment and the evaluation of
analytical techniques has been in the area of I ppm (parts per
miJlion) and below. O'Keeffe and Ortman (l) have described
a Tellon (Du Pont) permeation tube for the production of
small quantities of gases. Axelrod el aI. (2) have used a gas
dosing device for similar purposes. Neither of these systems,
however, is useful for concentrations in the 10 to 1000 ppm
range. This area is pf interest to those who wish to simulate
stack sample concentrations. The common technique for the
preparation of higher levels has been the use ofa mechanically
driven syringe to introduce large quantities of the test gas into
the sample stream. A complete review of the syringe and
other techniques has been presented by Lodge (3). An
alternate procedure to injection by a syringe is to force gas
through a finely drawn capillary from a high pressure tank.
Drawbacks to this technique include changes in the capillary
due to accumulation of particulate maUer, and the capillary's
fragility.

Below is described a device which can be used for the pro­
duction of gases in the 10 to 1000 ppm range. Instead of the
capillary, a porous ceramic frit is faced to heavy-wall glass
tubing and attached to a high pressure gas cylinder containing
the test gas. The pressure behind the frit can be adjusted by a
regulator to provide precise flows of test gas. The surface of
the frit is swept with a diluting gas, such as nitrogen or air,
and the total output can then be passed through a manifold
for sampling. This enables the experimenter to produce a
variety of gas concentrations ill a dynamic system and thus to
simulate stack effluences.

Figure I shows a model of the dilution system. The ce­
ramic frit can be varied in length to give various flows for a
given regulator pressure. The frit material is made of Mullite
or Aluminate ceramic, available from the Coors Porcelain
Co., Gol~en, Colo. The device is easy to construct, and, if
made with heavy·wall glass, can withstand pressures greater
than20psig.

Because the device is constructed from glass, there is always
a danger of explosion from the pressurization of the test gas.
Therefore, the device should be placed in a hood and wrapped
with tape or metal gauze or kept behind a safety shield. An
alternate precaution would be to place a pressure safety valve
in the system with appropriate controls for venting noxious
gases. It is, of course, obvious that each device should be
pressure tested prior to use.

The diluter is far less expensive than the typical' meehan-

(I) A. E. O'Keeffe and G. C. Ortman, ANAL. CKEM., 38, 760 (1966).
(2) H. D. Axelrod, J. B. Pate, W. R. Barchet, and J. P. Lodge, Jr.

Almos. Ene/ron., 4, 209(1970).
(3) J. P. Lodge, Jr., "Air Pollution," Vol. II, 2nd ed., A. C. Stern,

Ed., Academic Press, New¥ork, N. ¥.,1968, p46S.

RECEIVED for review November 9, 1970. Accepted December
10, 1970. The National Centcr for Atmospheric Research is
sponsored by the National Science Foundation.
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PERKIN-ELMER

COLEMAN INSTRUMENTS
42 MADISON STREET

MAYWOOD, ILLINOIS 60163
(312 345-7500)

II can be used in many scien­
tific fields. Pollution: Air. water.
food. soil, tissue. Clinical: Urine•
blood. tissue. Industrial Control:
Food, metal, soil. fertilizer.

• Sensitivity .01 I'g of mercury.
equal to or better than A.A.
• Direct reading In SoIQ a. mer·
cury • Hatch and Ott procedure

This compact, self·contalned.
low·cost system makes deter·
minatian of mercury in solids
and SOlutions, organic or In·
organic. or in air an Inexpen·
sive routlne procedure. Coleman
MAS·50 Is so easy to operate,
no special training Is required.
Call or write loday lor ....
bulieUn A-360

here
is the

first complete,
self-contained

Mercury
Analyzer
System.

Coleman Model
MAS-50/$875.

_....~
A OWISION OF THE PERtCIN.£I.MER CORPOAATtOH

"Visit Booths F-19. 2G-Feder8ted MMtlng"
Circl. M,. H ......,.' Itnln c."

Bror1WILL(t)
Bronwlll Scientific, Inc.

Bo~ '7824-RocheSler, New York 14606

t!ibY;j~ .,/
Ch,1e ••• U ......... 'enkt tar'

·BIOSONIK· IV No more overbeadns ... an exclusive in­
ternal heat ~nsing circuit monitors the heat everywhere-probe,
transducer assembly, even the generator. Automatically shuts
generator down if heat exceeds operating parameters , .. while
cooling-fans operate. Switches back on when circuitry is cooled.
Dual power RIlles ... Hi/lo power indicators color coded to
match the oolor coded titanium probe tips. No more remembering
and -playing percentages-use full scale of intensity level dial
with either range.
Plus ..• 0 300 watts of acoustical energy 0 Power automatically at­
tenuated when probe is separated from media 0 Fully automatic
tuning for 'peak performance 0 Completely portable-modular
construction, advanced miniaturized space-age circuitry, Iight­
weight-so small it occupies negligible la~ space 0 Up or down
probe operation 0 Complete seleet!on of tips and cooling acces­
sories. Ask for a demonstration. Call your Bronwill dealer or write:

':~> .Y
;~7S a::, -~:'-a()e

'~U1~rut probe
.that,keeps its cool!



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: $1025.

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 charI. Same
matchless perform­
ance as the SRG, but
only a few inches
wider. Think of it as a
space- and paper­
saver. Basic price:
$1800.

Model SRLG: The
SRG taken one step
further, with the addi­
tion of a logarithmic function. Eminenlly suited, there­
lore, for recording (say) the log 01 absorbance with a
spectrophotometer. Precision, non-circular gears­
which do the job much better than electrical approxi-

matlons 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 - simultane­
ous recording 01 both
transmillance and ab­
sorbance. Or linearl
log recording 01 any
two time-synchronlzed
variables. Basic price:
$2225.

Model SRG-GC:
Someth ing special, lor
use with a gas chro­
matograph. Fast re­
sponse, high AC rejec­
tion, floating Input,
three chart speeds,
and continuously var;'
ablewide-rangespans.
Optional integrator lor
precise measurement
01 areas under re­
corded curve. Basic
price: $1025 (with in­
tegrator, $1820).

Model MR: The ulti­
mate recorder? Per­
haps. Few can match
it lor 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 complele line.

Now read the book.
Still, in all lairness, 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, lor returning the coupon. Do it now.
I'd like a copy 01 yout ,ecorder catalog. I'm espoclaUy interested in:
r! Model SAG Recorder r; Model OSRtG Dual.Pen linear-Log Recorder
o Model OSRG Dual-Pen Recorde, [1 Model SRG·GC Recorder lor Gas Chromatographs
o Model SRLG Linelu·log Recorder [=: Model MR Mulll.Aange Recorder

Name

OroaniUllon

Add'en

51 ale

Tille

l'p

I ISARGEN'T-WELCH
Scien,ific ;n.s'tumen,s. app.It.t~. chemicals.
Sargent-WeiCh Scientific Company
7300 N. Linder Ave.• Skokie. Illinois 80071

Chicago I Anaheim! Birminghaml Cincinnati
Cleveland! Dallas! Oen\'erI Oetr~t
Springlleld. N.J./Toronlo/Mont,..al!Vancouwf

TelephOne AC

--------------------------------~~;N:1;;-.;;;~~~----------------------------------
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THE UN-NEW SPECTROPHOTOMETER
The Model 24qo:S is the latest resull in the continuing development of Gilford UV-Visible

SpectrophOlometers. And. in keeping with our long-standing practice. it does NOT obsolete

existing Gilford equipment. The Model 2400-S is still designed around our unique linear

absorbance photom·eter. it is still compatible with existing Gilford accessories for gel

scanning, thermal denaturation studies. column monitoring. etc. And. it still gives you

FLEXIBILITY TO MEET YOUR GROWING NEEDS

GILFORD INSTRUMENT LABORATORIES, INC.• OBERLIN, OHIO 44074· GILFORD EUROPE. SA· 74 RUE M.S.OEFRESNE· 94 IJITRY·SUR·SEINE. FRANCE

See us a' P,usbuIgh Conlettmce (Booth 608) and FASE8 (Booths F &. G. 31 & 32)

Circl. NI. 7J " I ..M,S' Senin Car'
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Instruments FlOld emission scennlng election micro­
scope, the CWIKSCANlloo offers bet·
ter than 2QO.A resolution; specimen
image is continualty tJisplayed at the
flicker-free TV scanning rate: 30 pic­
ture frames per sec. Useful magnifica­
tions range from 12X to lOO.OOOx.
Key element of the system is a high
intensity field emission electron gun.
Price of the system is under $30.000.
console mounted. Coates & Welter In­
strument Corp. 408·296·3363 401

Model 25-400 Rlman spectrometer of
modular design is a dlgttal laser·Raman
instrument. Digital readout in both
frequency and intensity makes comput·
erization economical and relatively
simple. This high resolution double
spectrometer has the longest focal
length of any commercially available
Raman instrument; focal length is 1.0
meter; effeCtive aperture, f/8.7. Other
features include resolution exceeding
0.25 cm" or 0.1 A; very low stray
light, better than 1 X la-'", 15 cm~

from parent line; complete elimination
of line-distorting coma; large sample
chamber; room for two lasel'$: and
many optional components. Price
ranges from $28,000 to $30,000 owing
to modular design with many variables.
Jarrell·Ash Div., Fisher Scientific Co.
412·391·1330 402

Gas chromatography Instrument system which frees the analytical chemist from
programming and provides high quality data consists of an interface for each chro­
matograph, a data processor, a teletype terminal, and the manufacturefs prepared
software. Capable of handling 1 to 8 gc's, the system can be applied to existing
instruments. The basic system in its minimum configuration operates with a 4K
memory (expandable to 12K in 4K increments), input/output boards (space for 5,
1 board handles either 1 or 2 gc's or 1 teletype), and the deta terminal teletype.
Perkln·Elmer programs are stored in the core of the processor, they are prepared
In·house at PE in 8 system which simulates the small processor in a large time-­
shared computer system. The terminal is equipped with a paper tape reader-punch
to output the processed data according to user requirements and to allow the user
to communicate with the system in providing the analytical methods. The gc Inter·
face converts gc data to digital form at the chromatograph and sends the raw doll
to the processor. The price of the basic system for use with I single gc is 'e.. then
$16,000; a system to accommodate 2 gc's can cost less than $18,000; the system
can also be leased. The aim of this system Is to optimize the processing of gc
data in the most economical way. Perkin·Elmer. 203·762·6972 403
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rRECISION IrrlRIIUS
AND INSTRUMENTS FOR THE

ANALYTICAL CHEMIST
460 SERIES ROTAMETERS

These Flowmeters offen
• Wide ongle visibility.
• High o<curacy.
• Tubes are easily removed by hand for

cleaning or changing flow range.

• Available in stainless steel or
aluminum, with or without the
control valve.

• Clear plastic shield provided for tube
protection and safety.

CHROMATOGRAPHY COLUMNS
• High Pressure columns manufactured

of precision bore glass tubing and
S1ainless steel fittings.

• Features:
On<olumn sample injedion.
Contamination free construction.

• A camplete line of law cost ascending
or gravity feed columns with
associated sample injection syringes.

GLASS & QUARTZ JOINTS
Offered in Three Styles

• Standard Taper, Ball & Socket and the
patented "Solv·SeaI".

• Easy disassembly.
• Interchangeable parts.
• Quartz or Borosilicate glass units

in. stock.'

• Low cost.
"'SOLV..$EALH • Immediate delivery.

JOINT

CUSTOM GLASS & QUARTZ
Fabrications to Meet all
Analytical Requirements

Mostercraftsmen Glass-Blowers of:

• Condensers.
• Distilling apparatus.
• Extradion apparatus.
• 'C~stam applications & special

requirementl.
• Guaranteed workmanship.

~
~__.~%ANDREWS
~~ SCIENTIFIC DIVISION

FlSCNE. & ponu COMPANY

t53t COUNTY LINE RD., WARIIlNSTER, PA. 11974

Cifde ••• a ........ lIrYia en
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from
the prime
source

HEAVY
OXYGEN
PRODUCTS

What is in a label? If that label bears the signa·
ture "Research Products Division. Miles Labora·
tories. Inc." the product is from the basic
manufacturer. Miles·Yeda Ltd. and you have
complete assurance of product integrity and
service.

Miles-Yeda Ltd. of the Research Products Oivi·
sian is a b.sic producer of Oxygen·17 and
Oxygen·18 products. More than 62 different
isotopic oxygen products. in a broad range of
enrichments, are available for research. What·
ever your needs. consult MILES for these unique
stable isotopes.

For. complete listing 01 isotopes. both SIBbie
.nd radiol.beled. see C.t.'og 8 .nd Supple·
ment69·8. ....

IVIILEB...
RESEARCH PRODUCTS DIVISION

MILES LABORATORIES. INC.
PO BO~ 11;J ".A!IOK[( Illlt~OIS W'XII U$A

Ciftl, NI. U. I. I,d,u' Stnin til'



L£EMA I (low electron enel'BY molecu·
lar analyzer) performs both Identifica·
tion of the sample constituents plus
quantitative analysis. Applications
range from physical chemistry research
in elastic and Inelastic scattering to rou­
tine chemical analysis of unknown mix­
tures of gases and liquids, monitoring
of impurities in g8S streams, and ppm
trace analysis in air. LEEMA I seans
th••n.1'BY range lrom 0 to 100 .V at
rat.s Irom 50 s.c per V to 0.1 sec per
V; energy resolution of the electron
beam scattering cell is better than 0.01
eV; electron energy is stable to better
than :0.01 % over 10 hr, not including
the contact potential. The oven­
mounted inlet system uses septum in­
jection and is heatable to lSO·C for
vaporization of liquids and volatile
solids. The complete instrument costs
$24.500. ARIS. Tracor. Inc. 512·926·
6130 404

DB-GT ultraviolet spectrophotometer is
a double beam r.pllca grating Instru·
ment tor measuring linear transmit·
tance or absorbance over the 190· to
700·nm range; Included Is bullt·ln scale
expansion and zero suppression. Ac·
curecy Is ret.d et ±0.5% T throughout
the wav.length range. Oth.r leatures
Include a choice 01 tungsten or deute·
rlum light sourc.s and photometric
range to '150% T or 3 A using zero
suppression. Beckman Instruments.
Inc. 714·871-484B 405

The Modal !l().12O elactrDnlcs system
II deslgn.d to operate with any of the
company's LEED·Auger electron optlcs
models. These optics syst.ms conlist
01 a source 01 primary electrons and a
4-grld. h.mlspherical, retardina field
el.ctron en.rgy analyzer. Th. standard
source is an electron gun which pro­
vld.s a beam that Is Incld.nt normal
to the sample surface and is also
capable 01 operatJon at low .nergies.
The use 01 the gun and h.mlsph.rical
energy analyzers allows the same elec·
tron optics to be used lor both LEED
surface structural analysis and Auger
spectroscopy surface ch.mical analysis.

In addition. the company makes a
Cylindrical·...ug.r .Iectron optic syst.m
which is able to analyze Auger elec­
trons in the 0- to 2OOO-eV range with
better than 1% resolution and sufficient
sensrtivrty for continuous oscilloscope
display. literature on these systems is
available from the company. The
Cylindrical·Aug.r syst.m costs $6950
with coaxial electron gun; LEED-Auger
electron optics models range in cost
Irom $4600 to $5000; th. Mod.1 50-120
electronics system to be used with
these instruments costs $11.500.
Physical Electronics Industries, Inc.
612·941·5540 406

Mod.1 150 field emission electron aun
can focus an intense beam of electrons
one millionth of an inch in diameter.
Although designed for us. with scan·
ning electron microscope, other versions
of the electron gun are under develop­
ment for other applications. The elec·
tron gun can accelerate electrons up to
20.000 volts and produce a spot size
01 I.ss than 200 A; with high quality
electron objective lens, spot sizes of
I.ss than 10 A can be obtained. The
gun chamber (6 In. In dlam and 9 in.
high). Is en Ion geller pumped to bet·
ter than 5 X 10" torr. Mod.1 150 Is
priced und.r $20.000. Coates & Wei·
ter Instrument Corp. 408·296-3363 407

Nondispenive X·ray diflrac:lom-

eter based on a new approach to X·ray
diffraction permits an anatysis time of
1 min and a sample changing time of
15 sec. "data is _ucad by on·lin.
computer. reduced data for all elements
and compounds are available immedi·
at.ly. Th. complet. syst.m includes
an X-ray tube and generator, samP'e
chamber. silicon solid-state detector,
muttichannel analyzer. and strip chart
recorder. Price is less than $20.000.
Readout is available on computer-com­
patible punch paper tape or maa:netic
tape. Spectrum stripping capability is
available, thus unfolding the complex
diffraction spectra. Nuclear Equip­
m.nt Corp. 415·591-8203 408

The HR·3OQ is a 3OQ-MHz nmr system
offering the highest performance avail·
able in 8 commercial high resolution
spectrometer system. The supercon'
dueling magnet used produces a fi.1d 01
70.500 gauss. This syst.m features:
very high sensitivity; field and fre­
Quency sweep operation with sweep
widths to 20 kHz: increased chemical
shift; high stability; larg. flat·bed ....
corder, built-in probe positioning d.
vice for easy sample interchanae: vari·
able temperature capability: and buitt·
in checkout system which simplifies
maintenance. It is a modular system
and can accept future advances made
by the company. Also included I' an
exceptional Dewar for extremety k)w

cryogenic material loss and a Fourier
transform accessory for full compati·
bility with Fourier transform operation.
About $220.000. Varian. Analytlcal
Instrum.nt DiY. 415-326-4000 409
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FEKRUMETER
lOW COST HIGH ACCURACY

DENSITY
DETERMINATOR

FOR SOLIDS

Features:
Detetmines IClIW density of sample, not
~art density.
Porous, fibrous, solid. compr d ...d yis-
cous subsUnces COlI tie red.
Test sample does not come In conlJct with.
liquids.
Accuracy within ±O,3.0.5%
Sample YOl_ from 02·200 ml. can be
......red. Porosity can be calculated from
test values olrlalned.
wtlte for tIdIn1ca1 bul~n

GALLARD-SCHLESINGER
CHEMICAL MFG. CORP.

.... 111_.. An., Carle PIIce, N.Y. 11514
Telephone: (516) 33J.56OO Telex: 126442

TWX:'212-421«J18
eft.. II. 71 ....... Imicf CInI

Specific Detectors and
Monitoring Instruments

Model 460 ps eneiyze< system for SO.
and No,; full scale range as low as
200 ppm; capable of continuous moni­
toring; used with company's 400 photo·
metric analyzer and sampling system.
$8000, less recorder. E. I. du Pont de
Nemou'" & Co.. Inc. 302·774·2358

410

Model 461 gos enalyzer system for total
oxides of nitrogen (NO, NO,. NOI) is a
source monitor; based on the 400
photometric analyzer and sampling sys­
tem. $10,500 range. E. I. du Pont de
Nemou", & Co., Inc. 302·774·2358

411

Model 450 liquid enelyzer system is
used to monitor trace amounts of phe­
nols in water down to low ppb levels;
based on the 400 photometric analyzer
and sampling system. $9000 range.
E. I. du Pont de Nemours & Co., Inc.
302·774·2358 412

Models 741 and 742 oxygen enelyze",
offer full scale sensitivity from 0 to 1%
and easy-ta-maintain electronic circui­
try. Model 741 ($750) is a prccess
analyzer for panel mounting; Model 742
($795) is for weatherproof field instal·
lation. Beckman Instruments, Inc.
714·871-4848 413

Model 380 solid-state electronic detec­
tor for mercury and other toxic vapors
operates on the uv absorption principle;
the instrument measures 5 in. X 17 in.
X 5 in. and weighs 8 Ib; models are
available with 50 mV recorder outputs;
type of vapor to be monitored must be
specified. Price of standard Model
380 is $895. Sunshine Scientific 10'
struments, Inc. 215-673·5600 414

CI·208A leboretory particle counter
monitors clean lab air for suspended
particles as small as 0.5 micron: the
instrument draws in 0.25 W per min
and caunts and sizes particles. Less
than $4000. Climet Instruments. Inc.
408·736·6950 415

Dissolved oxygen analyzer, small
enough to hold in one hand, is a tem·
perature·compensated unit: can be cali·
brated in air, gives instant. continuous,
remote readout of dissolved oxygen
concentrations. , The Series OOA555 is
designed for aeration processes, sewage
treatment plants, fisheries, stream pol·
lution measurement, etc. Under $400.
BioMarine Industries, Inc. 215·687·
2800 416

OM322 monitor displays absolute oxy·
gen concentration directly on a 0 to
40% scale; audible alarms are triggered
when oxygen level falls below 8 selected
concentration or rises above a certain
point; temperature compensation is
automatic. Under $400. SioManne
Industries, Inc. 215·687·2800 417

Accurate measurements of mercury in
solution can be made down to 0.1 ppb
with an accessory apparatus for use
with the company's atomic absorption
instruments. Price for the accessory
which is available from scientific supply
houses is about $150. The procedure
is based on that of Hatch and Ott
[Anal. Chem. 40 (14), 2085 (1968»
and is available as a reprint from
Perkin·Elmer. "Mercury Package,"
Perkin·Elmer Corp. 203'762-6972 418

New hollow cathode line for atomic
absorption, designated WL·22847A,
provides superior stability of operation
with low noise making. Mercury can be
determined down to the 10-,o'gram
level. Prices are in the $115 range
each. Westinghouse Electric Corp.
412·255·3322 419

Flat-pack infrared detectors, suitable for
use uncooled or with thermoelectric
cooling, include a spectral response
range of 4 to 6 microns; a sensitive
area of 230 sq microns. MeT 77-K de·
tectors operate in the 8· to 13·micron
region; typical response time at 77-K is
300 nsec. The company, MulJard, Inc.,
of England, supplied other detectors
also. Priced under $750. Optoelec·
tronics, Inc. 707·763·4181 420

Recorders and
Accessories
Chart recorder Model 8500 potentio·
metric principle; accuracy is dependent
on the potentiometer and the stability
of the reference voltage supply. The
potentiometer used has an accuracy of
:!:0.3%. $635. Matheson Gas Prod·
ucts. 201·933·2400 421

Series GP702 servogr.phlc recorders;
20·in. per sec pen response; variety of
chart speeds and full scale spans: total
limit of error less than 0.5%: true po.
tentiometric servonull system. $325 to
$425. Precision Standards Corp. 714·
546·0431 422

Mp·I027 10·ln. potentiometric strip
chart recorder includes six electronic
speeds (standard 0.1 to 2 In. per min);
seven calibrated ranges plus variable
range, 10 mV to 1000 mV; error less
than :!:0.25% with 0.1 % repeatability.
Standard model Is $542. McKee·Ped·
ersen Instruments. 415·937·3630 423
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chromatography pape" . . 12
Physical properties table . . 12
Special pallerns . . 13
Paper chromatography sheets Ind rolts .. 13
Physical properties table ... 14

Ion exchange pape" . 14
Adsorbent loaded pape" . 14
Glass fiber pape" . 14

Column chromalography producls . .15

NOrHonic celluloses . . 15
Cellulose ion exchangm . . 15
Series I Original fibrous 15
Series It Ad,anced fibrous 16
Series Itl Microirenular . . . 16

Whatman precision
chromatography columns .. 11

Thin layer chromalography producls 18
Cellulose powde" . . .. 18
Cellulose Ion exchanger for TlC 18
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New toploading balance.5 fast, accurate•••yet RUGGEDI

Linomat quantitative sampIa streaker
for tic delivers uniform sample applica·
tion without endpoint reterdatlon;
streak width adjustments to 0.5 mm are
possible; a stream of nitrogen dries the
solvent during sample application.
$1495. Camag, Inc. 414-476·7655

431

pH Oigitrol combines a recording pH
meter with two continuous pH records
on chart paper; standard range is 2 to
12; other range covers any two·pH
scan; an electronic digital pH meter.
directly readable to 0.01 pH over the
O· to 14-pH range; and a controlling pH
meter with single pole, double throw,
adjustable high and low contacts for
simple on/off control or alarm. $895.
Analytical Measurements, Inc. 201-
273·7500 434

0250 color and color difference meters
give instantaneous displays of color
and color difference values to the sec·
and decimal place; pushbuttons select
any of 12 color scales; polarily Is in·
eluded In the five·lube Nixie readout.
$4975 to $5850. Hunter Associates
Laboratory, Inc. 703·591·5310 436

Type 40 pH meter uses a 6·in. meter
from 0 to 14 and mV range of ::t:700
mY; completely battery·operated and
portable; accurate to 0.05 pH. Price is
$79; with a B·J combination electrode,
$99. Chemtrix. Inc. 503·648·1434

433

Model ACM 1 acid concentration meter
determines acid strength even in solu·
tions containing buffering salts or
metal ions. A semiconductor probe.
sensitive to hydrogen ion activity in the
presence of fluoride ion, is immersed
in a sample treated with fluoride salts.
The instrument operates over a stan'
dard range of 0 to 0.05N. $390. Ceo
dar Grove Operations. Beckman Instru·
ments, Inc. 201·239·6200 435

Miscellaneous

Model RC·9 pH meter is for monitoring
pH where a permanent record and con·
trol functions are needed; the instru­
ment combines an automatic strip chart
recorder and line·operated indicating
controller; recorder has double range
switch for readings of 2 to 12 pH, or
4.5 to 9.5 pH; readability is 0.02 pH
unit ($555). The company also
makes a digital pH meter, Model DC·S
($535) with four'digit Nixie tube read­
out. This instrument is readable to
0.01 pH from 0 to 14 pH. Industrial
and Mill Supply Co. 516-427-4354

432

Kipp Micrograph BI).5 offers three
knobs to select anyone of 24 ranges 8$

sensitive as 20 JAV; one of 10 chart
speeds, and three input modes; auto­
matic zero suppression feature permits
automatic expansion of scale by seven
times with no decrease in precision, ac­
curacy, or rapid response time; acces·
sories and other important features are
available. $1730. Enraf·Nonius, Inc.
516-741·0430 429

Model NSC strip chart recorder uses a
rugged galvanometric movement and
can be programmed for different input
variables easily by changing a printed
circuit board; the recorder is program·
mabie for up to six independent vari­
ables at one time and has special uses
in pollution control, water and air. Sin­
gle'channel instruments start at $535;
six-channel instruments from $635 or
$750 for six different inputs. Elnlk In­
struments, Inc. 201·779·7388 430

at teleprinter rates, 10 characters per
sec or 30 characters par sec; and plots
lines up to 3 in. long between points, on
a 4-digit absolute coordinate basis; plot·
ting area Is 10 X 15 In.; the Instru'
ment is compatible with time sharing or
direct computer interface. $5500.
Brush Div., Gould, Inc. 216·696·0330

428

series 380 x·y recorders use standard
8Y,- X 11·in. chart paper; spans from
1 mV to 1 V per inch. $595 to $695.
Laboratory Data Control. 203'226-
0759 424

_ 603-500 oscilloc:onler has writing
speeds of I, 5, or 10 mm per sec.;
vertical sensitivity of 10 V or 2.5 V full
scale; linearity of belter than 1%.
$985. Ultek Div.. Perkin·Elmer. 415·
321-4117 425

MlIItig.-p/lic recorder can be used with
electronic and pneumatic recorders si­
multaneously; models are available with
four or six channels; recording modules
(galvanometers or pneumatic) are the
same size. Prices vary from $1500 to
$3000 depending on how the equip­
ment is used. C. H. Stoelting Co. 312­
722-3833 426

_ 1100 gnp/lic plotter is X·Y re­
corder which aa:epts 8-level ASCII code

NewTorbalET-1 toploader(J60gcopacity,I mg 1
ac:curacy) makes accurate weighing easier and
more foolproof than ever before.

NEW EASE lbanks 10 complete digital display
without the use of optical projections or verniers to
read, no estimating.

NEW EASE because the one piece construction
of the exclusive Torsion weighing mechanism has
DO knife edges to chip, wear or coHeet dust - hence
tbere"s DO loss in accuracy_

NEW EASE-Ihanks to lbe electronic null
readout feature, the ET-I is not affected by
sensitivjtychanges-from temperature or humidity
variations or effects of foreign matter or wear.
As long as you can sec the null needle move for a
J_0 mg weight change, then a difference of
1.0 mg in weight-reading means ).0 mg-Ioday,
tomorrow, ncxl month, next year..

NEW EASE because the ET-J's To..ion
mechanism is far Jess
affected by vibratioll than
optical balances. You can
use an ET· I in conditions
other balances can't take.

NEW EASE thanks to
oUI-of-leveJ accuracy.
For minor changes in level
oftbe ET·I, UTO point
do<s rJOI change. ~WRITE FOR FREE BROCHURE.

THE TORSION BALANCE CO. OiCton, New Jersey. Sale. office. in Chicago,Ill.; m:
San Maleo, Cal.; Pittsburgh, Pa.; Monlreal, Quebec; and Windsor, England. T ~
Balances manu(acluJed in Waterford, Ireland and Oilton. New Jersey.

Circle .,. 111 ......ra· IInl" Cat1I
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PorbIbIe, self-contained, plug-in, time­
ba~ generator produces seven cali·
brated sweeps from 0.5 sec per in. to
50 (0_25 to 25 sec per em) for use
with the company's P10tamatic X-V reo
corders. Accuracy is ±3% full scale;
Price is $180. Bolt, Beranek and New­
man, Inc. 714-546-5300 427



MK·3. new eddltlon to the HAEMA·
COUNT line of medical Instrumentation.
In conjunction with the company's MK·
DB computer printer will provide four
hemetologicil tests In minutes; they
Ire red and whlta cell counts, and
hemoglobin and hematocrit. MK·3
costs $3800; MK·D8, $4500. General
Science Corp. 203·377·3784 437

Operotlonll computor Is a modular sel·
entific computational tool that is patch·
board·programmed with standard ana·
log computer techniques yet performs
calculations digitally; It Is Ideal for use
in solving differential equations. Denel­
cor. Inc. 303·892·0987 438

MlnlAC Is a 10·Y analog/hybrid com·
puter specifically designed for educa·
tional use; outstanding features include
modular expansion up to 27 amplifiers,
standard digital voltmeter, optional
logic expansion. and others. $5000 to
$10.000. Electronic Assoc.• Inc. 201·
229·1100 439

Unlflow flbergllss fume hoods now
come in 5·ft high models; units are also
available in 4· and 6-ft sizes with serA
vice fixtures. work surfaces. base cabi­
nets. and venting accessories. About
$800 to $1200. Hemco Corp. 816·
254·1111 440

Model 8430 g.. chromltogroph uses
elution method of separation; instru­
ment's accuracy depends on the tern·
perature controller, sampllng valve, two
needle valves. Unit weighs only 25 Ib
and measures 25 X 16 X 123,4 in.
$650. Matheson Gas Products. 201·
933·2400 441

8·2OA refrigerlted centrifuge offers
large volume and high resolution capa­
bilities from 1000 to 20.000 rpm; six
heads, including two swinging buckets.
zonal rotors, most Ultracentrifuge angle
rotors, and a broad range of accessories
are Ivaillble: gravities to 45.500 XlI:
maximum volume, 1500 ml (6 X 250).
$3085. Damon Corp. 617-449·0800

442

Forced·f1ow electrophoresis pilot plont,
Model 510. can be used for separation
Ind purification of biological mlterlals
such as gamma globulin (from horse
serum), enzymes (from fermentation
broths); also filtration of dlfflcult·to·
cllrlfy materials. $16,000. Conllco.
Inc. 301-427-l515 443

CIystoI poIi1hln& lilt for Infrored tta_
mlttJng crystals, Includlrtl KJlS.!i II sup­
plied with grlndlnll powder compound
Ind aarnslte. $60. Wilks lIclentIfIc:
Corp. 203-838-4537 444

Four modeII of hydropn purifiers with
capacities ranging from 1 to 24 IltarI
per min are IVllllble for UN In ll",
metallurgy, electronics, semiconduc'
tors. hydrogenerotlon, cotalytJc pro­
c...... etc. $710 to $1815. Mothe­
son Gas Products. 201·933·2400 445

Aulomltlc composite umpler for 11q·
uids collects a composite somple up to
two liters over a variety of sampling
periods from a positive head of 15 mo­
ters to a suction head of 5 meters. Op­
tional accessories include sample tem­
perature control, extemal trigger facility.
depth sampler and probe, and shut-ofl
valve. $850 to $875. Testing MI'
chines. Inc. 516-598,1400 446

Models 8287 Ind 8289 _ ~
adjust and maintain small gas flows for
analytical instrumentation; features in­
clude a nonrotating needle control
valve. bubble·tlght O-ring seal shut..,fI.
and integral precision needle vatve with
nonreversing flow characteristics and
high tums·!o-lift ratio. Prices are $87
and $175 depending on features.
Matheson Gas Products. 201·933·2400

447

Model 7000 constant·_ umpler pro­
vides flow air sampling in the range of
3 to 6 cfm; useful for sampling airborne
contamination in labs, hospitals. clean
rooms, and processing areas. $330.
Misco Scientific. 415-843·1282 448

Model 7670 eutomotlc sompler com·
pletely automates measurement of
sample volume and injection Into the
company's gas chromatogrophs; ca·
pable of unattended operotion for as
many as 36 consecutive SIImples.
Hewlett·Packard. Avondlle Div. 215·
268·2281. 449

Two n_ dllo Icqulsltlon and con1JoI
subsystems for use with the POf>.8
flmily of small computers Ire desllned
for use where low·level lnolog Ilgnlts
are encountered or when discrete dlgltol
Input/output Informltlon Is required.
UDCB costs $3500+; modules vary
from $120 to $480; AFCB fUlly Imple·
mented with 120 channels costs
$13,200. Digital Equipment. Corp.
61NI97·5111 450

ein..... " ...............
ANALYTICAL CHEMISTRY. VOL. 43, NO.3. MARCH 1971 • lOlA





1J1ti$.
DILUTROL

AUTOMATIC HAND
OPERATION

Pushbutton-controlled DILUTROL does away forever
with cross-contamination and waste of precious sam­
ple! Provides precise pickup of adjustable predeter­
mined amount of sample with repeatable accuracy of
=:0.3%, conlinuous diluent delivery with an accuracy
~0.5"o. Permits dilution ratio up to 1.000: 1. Rinsing
action of diluent cleans lip for next cycle! Removable
dispensing head rotates through 120 degrees. makes
possible operation at distances up to 4 reet. The ex­
clusive electromagnetic check valve assures pOSitive
repeatability and provides exclusive airlock between
sample and diluent: fluids touch only Teflon and
glass. Operates on 115 volts AC. Available either
with 4 ML. 1 ML. or .5 ML sample capacity and 10 ML
diluent capacity ... Priced from $495.00.

O
Avaifable through your laboralory ~upply de~.r

• MAN 0 STAT DIVISION OF GREINER SCIENTIFIC CORP..

20 N. Moor. 51.. D.pL 521. New Yon. N Y. 10013. Phone 1212) 966-11510

eire...1. 74 • IlIUm' Stnict c.c

NEW
CH.MICAL8

Vapor Deposition Materials

Standard clements and a vaneW of
nlla)" compositions produced by ~one
refining or "ncuum sublimed to pro­
"ide low gas content llIld splatter-free
deposition arc available. Alkaline
c:lrth impuritirs to 1 ppm or less on
mo.1 n~"erials (34 in all) arc the
generlll mle. Imanco. 9/4-356-3331

503

Cherating Agents

Unll.ual complexant8 for lead: 1,3­
dinminoprop:m-2-oI-tctrnacetic acid, N­
(2-hydroxycthyl)iminodincetic acid,
and nitrilotripropionic acid nrc DC9.·

additions for the comp.any's long-rnnge
chebtc synthesis program. Data nnd
hiblio~mphy sheets arc available. Ln­
:-'/ODt Laboratories. 214-235-4463 502

4·Amlnophthllhydrulde

A new reagcn~ for membranous ul~ra­

structural demoll8tration of certain en­
zyme activities in cJectron microscopic
wehniques is available. Freshly diazo­
tized 4-nminophthalhydrazide is said
to represent an advance over previously
available reagents since these gave a
drople~ distribution of enzyme activi­
ties which could no~ be related to un­
derlying ultras~ruc~ure in a straight­
fonmrd manner. The reagent is used
all a coupling agent to demonstrate
with substrates that yield 4-me~hoxy­

2-naphthylnmine or 2-naphiliylamine.
It produces reddish azo dyes with mem­
branous distribution since 4-amino­
phthalhydrazide imparts Iipopbobic
properties to the dyes. Polyscienccs,
Inc. 215-343-&188 501

Ultrapure Metsls

Gallium metal and arsenic metal are
both now a\"nil3hle, 99.9999+'1< Jlure.
These lIletal. arc specifically ~,de for
the prcparation or gallium arsenide
singlc cry:staLs. Apache Chemicals.
SI5-Si7-785S 504

Improved Graphite

A new graphite is 8\'ailahle in uuee
grades: standard, purified, IUld spec­
troscopically pure. This graphite is
used for cmoihles and resists deteriora­
t ion with many corrosh'c reagents at
e1cvated temporatures. It will con­
tain concentrated sulfnric acid for morc
than two hon... a~ 200°C, boiling con­
centrated nitric acid, molten sodiulU
peroxide, and lithium tetraborate.
Poco Graphite, Inc. 214-S26-3430 505

FASTEST GUN IN THE LAB!
Make an instant aerosol with any sprayable
liquid! Apply reagents and indicaton for
thin layer and paper chromatography. Es­
pecially useful when reagents must be mixed
for immediate or sa.me--day use. Hundr-ed:s of
everyday uses from sophisticated analyse:s to
aerosol testing-and even touch-UP painting.

Quixpray !\as POWERI It has all the power
that's needed tC'l produce a true aerosol mist
from sprayable liquids. Other sprays, to
hold down "flooding" with thin liquids,
merely use a lot less preuure. We have a bet­
ter approach. Each Quixpray head is equip­
ped with a full bore dip tube for broad gen·
eral use. As an Icces:sory we offer a set of
tWO flow regulating dip lubes-(1) Fine, for
water·thin liquids and (21 Extra Fine fOf
very thin liquids such as organic solven11.
Now-whether you're spraying an alcoholic
5Olution on a paper chromatogram Of touch·
up paint on a lab bench-you can be sure
you're getting the complete dispersion pro-

duced by full power.

Quixpray Kit h.as one complete spray unit
with 8 extra iws for noring ItOCk liquids
and 6 propell¥'lt refills. Abo inch.adld ....
the two special flow ngul.ating dip tubes
mentioned above.

11160 Quixpray Kit
$18/ltit: 12 kits. $16/00ch

11175 Quixpray, ProPel'-nt r.filts, 15 oz
Coso of 12 $16.80/~

111 70 Quixpray, Jan only, .. 01

Coso of 12 $4/.,..

11165 Qul.xpray, Single spray unit
(Head, prapellant and jar with full
bore dip tube) S3.2S/unit

11180 Quixpray, Flow regul.atingdip wbts
Set of 2 $3/••

rn :!-71:~;:~
Clrel. II•• lG .. hi,",' SI"ie. care
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VARIAN'S $5,000 NMR SYSTEM:
the teaching machine

that moonlights
as a chemical analyst

F~urt" 2. Spn:trum for r-mclho\~al:(,loph('no~shol4~ perform.
anCT for a 'Hlletl compound u(Varl.ln Ana~rccl's 1o,"" l"a,\ .10 Mil,
l'-OMR ~)~tcm.lh(' EM·JOO.

Understandably, it is no small
task to translate the electronics
of systems ranging from $20,000 to
$IOO,OOO-and-up into a moderate
performance, low price version such
as the EM-300.1t requires not only
a complete understanding of the
technique, but a keen sensitivity
for the needs of student, instructor
and chemical analyst who will be
the end users.

1.3. Spectra, design information
available. Complete information
on the new EM-300 NMR system as
well as typical spectra are yours
for the asking. Simply write on
your letterhead to: Varian Anaspect,
611 Hansen Way, Palo Alto,
California 94303.

varian anaspect @
Figure J. Varian Anaspecl. which has made low eml moderate
performance inslrumenlalion available 10 sludents, instructors
and <Analytical chemists, is a natural e~tension or the fine work
beinacarried on by Varian'sAnalyticallnslrument Djvision.

1.1. Past experience plus new
design technology yields EM-300
system.Thanks to the efforts of Varian
Anaspect, a moderate performance,
30 megahertz NMR system in the
$5,000 price range is now a reality
(Fig. I, below). Varian Anaspect is a
natural extension of the fine work
carried on by Varian's Analytical
Instrument Division, long recognized
as a world leader in the design and
manufacture of highly sophisticated
research instrumentation.

1.2. Inherent value of such
a low cost, moderate performance
NMR system. A system such as
Varian Anaspect's EM-300 serves two
important purposes:

First, as a viable, simply designed
and highly dramatic training toof/or
instruciion in both basic chemistry and
experimental method, which performs
an analysis in less than five minutes
(Fig. 2, above); and... Secondly, as
a highly stable, minimum-adjustment
toof/or routine analysis which frees
sophisticated machines for more
complex chemicalproblems.

Clrell HI. 117 II .....,., S'Aln Car'
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ficin I. Photo&raph of Varian Anupc:cfs new .30 MUl EM·300, a S5,fXXJ
moderate performznc:c NMR system da.i&,ned for both instruction and
routine chemical analysis appUations. Sho\l.'n here: with optional recorder.
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Lab Computer Handbook. A 300-JlICc
handbook dcocribco ha,d...are and 110ft­
...a,c features and II8Cll of PDP·12 lab
computcr 1JyIltem8. Digital Equipmmt
Corp., 146 Main St., Ma)'Illlrd, M....
01754. 617-897-5111

Photon CountinC eataJoc. Four pages
picture, describe, and price the com­
pany's digitlll syncbronous computer;
umplifier discriminator; data converter
cOll5Ole; power rupply console; and
P:>l tube housings. SSR Instrumeuto
Co. 213-451-8701 601

RI Monitor. Four pages detail a dif­
ferential rcfractivc index monitor de.
,i~ned for use in liquid chromatog­
raphy for ('Iution profiles, control
process st rroffi3, and density gradient
c:omposition in Ia.bs aDd industlj'.
Phannacia Fine Chemical3, Inc. 201­
469-1222 602

Selection Electrodes. Bull. 7145-..1.,
10 f"l~CS, describes 17 selective ion
o!l'<trod... for use ...ith cxpanded-scale
1:1 0 pH moters. Clinical and rt'Se3n:h
modcl> are conred and typical applica­
tions and pcrfOrUl.1nce infortrultion are
g:ivcn. Bcckm:ln Instruments, Inc.
714-871-1848 603

Biochemical Resurch Cataloc- Some
16lXl products for re;"arch, including
the life sciences, are listed in a first­
r<lilion ratalog. Emphasis is on bie­
('h('mit"als su('h as peptide sulb-trnte,
chemit"31s for radioimmUll0a.ss3Y, de.
ri\":uiz3tion n-sgeot.s for gc arullysis of
steroid>, and ot her product.<;. Resean:h
Plus Laboratories, Inc. 201-S.?7-8S00

604

MANUFACTUR.R.'
LITERATURE

Colorimeters for Pollution Testinc.
A rl-p..ge folder gi\'es information on
thr ('oml\.'\ny's din'<.'t-rroding engineer's
lab for fio!d testing of water and the
DR c:olorimetrr tt'St, renter which per­
(onns 52 diffrT{'nt water aDd wa.ste­
water tesls. Ihch Chemical Co. 51S­
232-2533 605
Laboratory CataIOC. A 1176-page
(':\tulof: ('ont:lins more truln 2O,CXXl items
of s<'irntifir instruments, apparatus,
:lIId I:Ib fUnliwn:. It is alph..bctieally
arra,,~ed, profusely iUustratt'd, and has
bolh alphabetical and numerical in­
dexes. Curti" Scientific Co. 713-923­
1661 606

Sputter Ion Gun and Control Unit.
Four )l.'\gcs pictuT{', give dt.'Sign features,
and specifications for Models ().l-131
splitter ion gun a11d Model 26-OOS con­
trol unit. Physical Electronics Indus­
tries, Inc. 612-941-5540 607

Zip

Nalule 01 employer', bu,ln..,?
o ManuftClurlng or proct.. lng
o Acadtmlc
o Govtrnment
0011'1"

Add/ess' 0 HGme 0 Business

City

Name

Nonmembers;
o US. $<40
o C.nlda. PUAS $<43
a Olh.r N'lions $<43.50

a Bill me 0 Bill employer
a P.yment enclosed

(Payable 10 Am"lc.n Chemical Socltty)

ACS t.4embels:
a u.S 520
o Can.d8. PUAS 523
a Olher Nallons 523.50

Please enler my subscription to aloe.....
I.try 81 Ihe rales checked below.

"1Mrice" Ch...dcal Society
1155 SllI&enlh Slreet. N.W.
Washlnglon. D.C. 2'0036

The faSlest growing journal in the
field ... annually offers over 5400 pages
of original research in all ... ,cas of
fundamental biology.

Concentrating on manuscripts that
generate new concepts and experimental
approaches. Biochemistry is'not merely
J depository of scientific data. It is a
highly readable and informative publica­
tion of the American Chemical Sociely
with an cxccplionollly clear and well
designed format Color slcreophotography
is used for illustrative clarity.

Some 30 to 40 papers, biweekly,
r(~f1ccl the sirong relationship between
chemistry, hiochemistry and the other
biological sciences.

Subject maflcr includes enzymes­
prolcins-carbohydrates-lipids-nucJcic
acids and their mclabolism-gcnelics­
protein biosynlhesis-and other rapidly
expanding fields.

You'll find Biochrmistrv keeps you
current on (he most recent research
findings. To order your personil sub·
scription, just complele and return
the form below.

Vital discipline •••

Vital journal ...

Biochemistry

(Pl.... Indlcatt)

o I am tn ACS mtmber
o I am not an ACS m.mber

:;Yin~::n~~:~armm:n~' l~r~.~· t~~~
CCXlponl, U.S. bank drat: or ord.r thtOUOh
yOur book dul.,.
Notlt S\ltll,rlptlonl It ACS ....mblr

l_.!!!!!.'.!,.'....!~!!~!..ON~~r.-on~, r:._



Take new Heath Spectrophotometry
for fast, fast relief

These are trying times ... especially if you're squeezed between a shrinking budget
and expanding equipment requirements. But now there's hope for the most belea·
guered •.. a new, low cost series of Heath modules designed for special industrial,
quality control and research use. It oHers the same exceptional accuracy & repeat­
ability as our famous '701" system, plus easy user modification. Choose only the
modules that suit your requirements ... and get a research-quality single beam UV or
VIS..Jlear IR system on a budget that even Scrooge would ok.

~~p~~tp=::S"~i~~I.·~~~~i~~~~it~1 ~:~\,~u~r~~~o~~~C~i~~ :~ 1f;eo~~,~~ :~~~
stability 0.1%. Mechanical adjustmenl.S tor precise ahenment. EJ.cellenl SQurce lor hiih-prec,s,on
UV spectrophotometry & kinetlc studi~.

[U-181"I, llbs. •.. . 1115.00'
EU~ ,Ibs. . ltoo.OO·

~~ib~~=::~~:~~~oi~~~~~i:Y~~~~:i~I~rx;r~~n~~nllt~h~~~:~:n:~~~t~r:;;n~~P~i~
be rNinuined to .. 0_1'"4 for lone perIods, HorizonUlI & v~rtiUlI adjustments. E..c~llent for kln~tlc

studin and ordi~ry absorPtjon me.asur~ments.

[U·181-,llbs. " ... , . _.170.00'
EU.....u. 71bs. .. _.. __ .170.00'
EU.70t-t2 $ample Cell Moch,Jn.. R~mov.ble self-alienine cell holder accepts two I<m cells.
Unique battl~ desien ... 11&ht ~k.aae eu.aranleed I~ss than I·... of pholodetector dark current.
Readily modified; filt~r hold~r & .pertur~ plate Included.
EU-lll-t2," Ibs. . ... 175.00'
P" Modules ... EU·701-9) PM Housine .lind EU-42A HV power supply_ Supplied with. selected
IP2IA tUbe; others U1n be used. ulemal proarammmg. 20.1 to 100;1 rallO.
EU-711·tJ.41bs. ._ 1100.00·
£U..&2A, a 1bS. 1110.00'
£U·7eI scanninl Monochromator. PrecISion Czernr-Ttrner ophcs, )~ mm, f/7, 1180 ~nesfmm

::J:i~&--=~li~~ I~~".'.o.t~ $~~.;:,~a. 9 flud r.tes to 20 {sec. Resolves 10 bette' Ih.n 1 .; Iracks

Choice Of rudouL Options .y.il.bl~ include the EU·10),)1 PhOtom~lricMeier Re.adout. EU·7ClO-62
Photometric: Dtcit.al Re.adout. EU·201V Mult,-speed loa/llnear Recorder or EU·2OV Multl's~

servo CNrt Recorder.
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M~rcury by Electrode. A 4-page re­
prmt from Newlletter/Spui/ic Ion
Elect~ode Tuhnologll, 19iO, 11 (9,10)41,
describes a method for mCll8llring mer­
cury with a Model 94-53 iodido elec­
trode. The lower limit is 2 ppb Hg'+,
Orion Resooreh, Inc. 61i-S64-5400 608

Mercury by Aa. Fivo pages describe a
flameless method of atomic absorption
that perlnits det<lCtion of mercury at
the O.2-ppb level. Fisher Scientific
Co. 412-391-1330 609

Mercury Monitoring. A 9-page bul­
letin describes mercury pollution mODi.
to ring by atomic absorption using a gas
cell technique. The article includes fig­
ures nnd II references. In trumcntn­
tion L,borntory, Inc. 61i-S61.Q71O

610
Lead in Blood. Six pages det.1i1 the
atomic absorption spectrometric de­
terlnination of lead in blood b,' a solid­
phase sampler technique. Data and 3
referenccs arc included. Instmrncntn­
tion L,borntory, Inc. 61i-S61.QilO

611
Microscopy and Crystallography
Courses. A 6-page catalog details the
CQU('Srs gi"cn by ~fcCTone in micros­
copy and crystallography. McCrone
Research Institute. 312-S42-i105 612

Tltrators. A 10-page bulletin describes
the company's complete line of titrators,
gi,·cs sJlCCificntions, illustrntions, and
lists 1G applications. Fisher Scientific
Co. 412-391-1330 613

Lab Apparatus and Glassblowing. A
36-page catalog describes a line of
equipment ranging from sophisticated
gbssworking lathes and ultrnsonic
machining systems to common bench
llecCS5ities such ns calipers, nsbestos,
swi\'cls, torches, etc. 'Vale App.untus
Co. 215-434-6688 614

Light Measurement. An S-page bro­
chure. SFiO, describes a modular ap­
prQarh to designing specific light instn,­
mental ion needs. A typical system i"i
graphirnlly described; individual units
are illustrnted, named, and explained.
Gamma Scientific, Inc. i14-270-S034

615

Uv·Yis Spectrophotometera, A 24­
page cat.110g, 33-0050, illustrated with
pho~grnphs and charts of typical
opcrntin~ curvcs, contains information
and specifications on the Spectronic
505, 600, and precision spcctrophotom­
etc"" a reflectance sphere for color
specifical ion and matching, and op­
tional attachments. Bausch & Lomb,
Inc. 716-232-6000 616

Particle Measurement. Eight pages
cover the "MC System of specialized
modul.. for automatic measurement of



Now ... INSTANT
Qualitative Analysis
Both Metallic and Non-Metallic Element•.
Now you can instantly analyze practically any
type of sample material. A greatly improved
DIRECT VISUAL spectroscopic method is used.
There is no need to dissolve sample materials.

The presence or absence of any particular
element in sample materials can be determined
instantly. Analyses are made using a standard
low cost visual type spectroscope in combin­
ation with the unique TODD ElEMENTS AN­
AlYZER. Send for full details.

TODD INSTRUMENT COMPANY
Ced.n, Penn•. 19423 U. S. A.

elrel, JIlL 171 • luk'" Sen". CIftI

UC·100
Undercounter Laboratory

Glassware Washer

All stainless steel. the Forma UC·l00 Undercounter
laboratory Glassware Washer features direct spray
from double washing arms that clean glassware in
bolh top and bottom wash racks. It offers complete
versatility in selection of wesh. rinse and dIVing cycles,
with automatic dis·
tilled water final
rinse. Fits under all
laboratory bench
tops. Optional pro­
longed drying. Will
operate from dis·
tilled water source
as low as 2 PSI with·
out booster pump.
For complete details
write Forma Scien·
tific, Inc., Box 649,
Marietta, O. 45750.

~~
Forma Scientific

Clrcl. MI. M .......ft l ,."~. C...

Aveo LASERS
TUNABLE· VISIBLE· UlTRAVIOlEl

SEND FOR
YOUR FREE
INFORMATION
PACKAGE
TODAY!

2:)e~ 0::1£ ~£:::l( B£AC'" C>ARo<VYAY £VEAET"T MAS~rTS~a

tin" JIlL 1•• IONn' s.ftu tIA

Perkin-BmerS newAtomaX'
lamps fit anyatomic absorption
instrument you use.

Now. no matter what M.
instrument you use. you no
longer h.... 10 settle for
second best in lamps.

Pertdn-Elmer Inlroduces
Atomax hoUoW<4thode
lamps, directly usable In all
makes of .tomlc absorption
equipment.

Perkin-Elme(s
Intensltron lamps have
long been distinguished by
their brightness, specttal
purity, and lung tile.
Ho_ver, they ... 100 I.rge
for many M'. with
restric1ed lamp space. The
new Atomax lamps, with a
sm.Uer envelopa lO've the
problem.

Atomax I.mps a..
av.Uable tor every element
that can be dOM by .tomlc

absorption, and also in many multl~lement combinations.
including the famous seven...lement lamp for C&-Mg­
Zn-Cu-F..AI-Sl.

Free Gin Ofter: Send for d.ta now and receive. free
Atomax Miniature Broadband Continuum Source, which
radiales belween 3800 and 8000 A. It also works as a
flashlight. Write Instrument Division, Perkin-Elmer
Corporetlon, 702 Main Avenue, Norwalk, Conn. 06852.

PEAKIN-ELMEA
tin...... u........' Stnict CII1I
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Manufacturers' Uterature

particulate materials with the resolu­
tion of a microscope and thc speed of a
computer. Millipere Corp. 61i-544­
2581 617

Scientists' Tools. A 32-page catalog
covers hundreds of unusual and hard­
to-find tools useful to scientists and
researehers. Typical tools are glass
pliers, carbide saber-saw blades, plumb
aud le,·cl inclinometers, m.'lgnctic work
lamps, glass drills, etc, Brookstone Co.
413-i85-1551 618

Monochromator. Four pages picture,
describe, pricc, and give specifications
for the Minimate monochrolIl.'ltor, a
compact, genern!-purpese unit for lab
applications. Spcx Indnstries, Inc.
201-M9-il44 619

Magnetic Susceptibility Measure·
ments. A 6-page folder, Bull. 136, ex­
plains and illustrates paramagnetism,
diamagnetism, and ferromagnetism, de­
fines magnetic susceptibility, and de­
scribes the Farad." mcthod of measur­
ing it. Calm Dh'., \rcntron Instruments
Corp. 213-634-i840 620

Photometric log Amplifier. Bull. 5i, 2
pages, describes the ~Iodel D-131
photometric log amplifier for connecting
photomultiplier detectors to n wide
,'anet" of rea.dout de,'iccs and s,'stenlS.
Du..rum Instrumcnt Corp. 4'15-321­
6302 621

pH Products. Bull. 4111, 16 pages,
co'·ers the company's entire process pH
product line and includes infonnntion
on the I..aznran reference electrode, pH
and ORP sensing electrodes, thermo­
compel1S3tors, and the Series 3 flow
and submersion assemblies. Beckm.1n
Instruments, Inc. il4-8il-4848 622

High·Purity Reagents. An 8-page re­
print from The Chern;'! is titled "High­
Purity Reagents for the Analysis of
Lunar and Geochemical Samples."
J. T. Baker Chemical Co. 201-859-2151

623

Pollution and Polarography. A 12­
page booklet discusses the use of single­
swecp eathodc-ray pelarography to ana­
lytical problcms in water and air pel­
lution. Also included are references and
detailed procedures for mercury, nr­
Senic, iron, nitrates, and other elements
and eompeunds, Chemtrix, Inc. 503­
648-1434 624

Demountable Hollow Cathode System.
An 8-page broehnre describes a low­
coat, demonntable, hollow cathode sys­
tem with complete atomic source cap·
abilities that ia compntible with nil aa
spectrophotometera. The GloMnx Inmp
is compared with qnick-change cnthodes
and ordinary ..nled lamps. Barnes En­
gineering Co. 203-348-5381 625

CJrcl. lI., I. '1 lu..,.· SInk. Car.
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Sampling Systems. A 4-pngc bnlletin
describes smnpling systems for process­
type analytical instruments. Systems
'ulIldlc gnses or liquids frolll single
Iloint source or multiple locations.
Lockwood & ~lcLoric, Inc. 215-6i5­
SilS 626

Constant Temperature Circulators.
Catalog i5, 4 I'"ges, dctllils II full range
of immersion, suspension, and resen'oir­
moorl, constant-temperature clrcuh·
tors c:l]l:lbh' of ('olltrollinl; liquid tem.
perature'S from _60° to +350°C,
1'0lyScienee-Hllllke, Inc. 312-1i5-2909

627

Camera Microscope. An S-I,,~e book­
let drmonstrn.tcs with 35 photogr:lphs
the usc of the Ultmphot III camem mi­
cro..."Copr; the use of the unit as a Illetal­
logmph is also showll. C:HI Zei~s, Inc.
~12-736-60iO 628

Company Periodicals

Ilequests for copics of the following
publicatiolls should be sellt directly to
the address shou'li. Busi'l("sS or pro­
fessional letterheads are requested.

Aminco laboratory News. Vol. ~6, :-<os.
3 :lud 4, 16 p:lges, includes an :ldditional
8 pagC5 de,·otoo to rlinical labor:ltory
news. Lead article is on water pollu­
tion. Other arlicles deal with new in­
st Ttllllents and techniques for both in­
dllstn' and rlinic:\l labs. American In­
stnlllient Co., 80:10 G('()r~ia A\"c., Sil­
'"Of Spring. ~ld. 20910

Analog Dialogue. Vol. 4, Xo. ~, 16
pagcs, f(Oatures a 3-pa~e article on the
Ilew 5 p:\ FET-input IC op :lInp that
IISC'S l:lser trimming for submilli"olt off­
sets. Other articlC=5 deal with applic:l­
tion information, circuits, and product
il1!'ight.;;:. Analog De,·ices, Inc., 221
Fif,h St., Cambridge, ~Iass. 0~14~

Camag 8ibliography Service. Xos.21
:lnd 22, 4-1 p:l~es, feature artirles on
thin InYI~r rhromn.(Q~raphyand list on'r
600 tic :trtic1('S from tcchnicnllitrTn1urC'.
C:llnag. Inc., 2855 S. 163rd St., New
U('rlin, Wis. 5.1151

Sage Commentary. P\]mp Report :-<0.
4, -I Jl;l~rs, includes dllt:l on new s~'rin~c

pUlllpS :lT1d nn nn:llyticRI proportionin~

tubil1~ )lump, S31;C Instnlments, lnc.,
230 Ferris .'\\"r., 'VhHe Plnins, X. Y.
1060~

Gas-Chrom Newsletter. Vol. 12, :-<0.
I, S p:lI!C'S, includes information on 0­
rings for Sote, phrnyl-substitut('(1 8i1irOIH'

phll"'S, Dexsil 300 (lin nltrahigh-tem­
perutllrr stationnry phnscl, dicnC'
IIlcthyl cslcrs. nnd galactolipids. Ap­
plird Scipnrc T.aboralorirs, In("., 1:15 f

Gill St., Stntc Collcg(', 1'11. 16801



PRODUCT CAPSULES
Short "refreshers" on last month's ads. Obtain free Information on any of the products or servtces described by wrtlinaln
the appropriate key numbers in the "Product Capsules" portion of the reply card preceding this section.

Adsorbents. 32-Jlngo book on TLC.
'153

Books. L,sor rnmnn spectroscopy.
, 194

Amino acid analy.en. ComJllote
line of :llnomntic recording units.

'157

NEW CATAlOG 11/2 AVAILABlE

Chromatov,..phs,..... Automatic cy­
cle unit 1135 digital set control aDd st4te­
of-thf"-3rt circuitry. , 95

Chra-ovrophs,..... Engi_ring
repon on pon3ble unit for oo-site
:\n.'\I~-~-is_ P 130

(Contin""a Oil page 114 A)

(hromatov...phs,..... Low-cost,
dU:l1 column i.50therID:lI unit. P 97

(hromatov,..phs,..... Data process­
ing sy:;tem substitutes push buttons for
oper:Ltin~ controL , ao

(hromatov,.......,..... Free eatalor;
,how. model designed for life lltiencc
studies. ',9
(hromatov,..phs,..... Low-cool.
thermal conductivity unit with 4 tung­
sten·rhcnium fil:unrols. '72

Precision Cells Inc.
221 r.lF" 1\.\ • rl" t', 'I •• -- • t -- ;; '.'

Chemicals. Price list features ion ex­
change rr:;;ins, anion and C3tioD in 44
types and bend siz... '30

Chemicals. );ew catalog on lAb, pre­
scriJltion, isotopically 1:lbeled chomiC31s.

P 133

Boaks. Progress in sepnrntion and
Jluriliontion. , 19B

Calculatan. Progrnmmable uniL with
JO-" to JO+l9 raDge. , 127

Calorlmeten. EeonomY-Jlriced unit
with precision Icmpcr:Hurc control.

'151

Cen.. Liternture on Jlrecision glass
and qunrtz cells. p Bl

Cens. SJlCCtroJlhotomcter cells feature
fu..<ed qu.1rtz or ~1:lSil scams. P 112

Chemicals. Data on soh'cnt3, rrogents,
ctll(°rs in non.ruptur:lblc cont:1iners.

'11

SJlCCLrochenlienl methods of
P 192

AJlJllientions of lR sJlCClros­
P 149

Books.
nnalysis,

Boaks.
copy.

Books. Idontifienlioll techniques in
~118 chromntography. P 195

Books. Organic rcnotion mechanisms.
'196

Ampnflen. Lock-in unit fontur..
In:lny phl~·in nccC5S0rics. P 56

Balances. Electric millibal:mcc with
huilt-in di~it31 voltmetcr. P 32

Baths. 7-1/2 gallon capneity with
((.'Illp runge _20° to 70°C ± O.02°C.

p 65

Boaks. IlIfmred sJlCctroscoJlY. '5

Books. Introduction to basic theory
and techniques of 0l3SS spectrometry.•

'5
Books. Introduction to qunntitath'c
rxperirnclltal chemistry. P 5

Books. 2nd edition of book on qunn­
titnth'c :m:l1yticnl chemistry. P 5

Books. First of 5·\"olumc series on
nuclear mft~nctic rCSOtuncc. P 5

Books. Ph"sicnl methods of ehomis­
try.' p 46

Books. Components of Scientific in­
st ruments. , 47

Boolcs. Automntic r£'Cording :md con­
trol, computers in rhclll rcsenrch. P 41

Books. Orgnnic solvents. p 49

Books. ~Iiissb.,"or effecL mothodology.
p 149

Air monitors. Mo""",.. So., NO.,
,,0., H ,nuorid.., aldohyd.., or totul
uxidants. P 179

eWe" 'e. ,•• -....n. sene, Cad
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Produd Capsules

(Contillued 011 page 116 A)

pH meter.. Details on six different
lin its. P 169

Pipet.. Literature on pipets and di­
httors to fit any container. P 113

Melting point apporatu.. KoOer unit
m..1.kcs determinations in one minute.

P10

Unit hns
P 139

PolarOtlraphlc analy.e...
high P.P.B. sensitivity.

La..rs. Information on tunable, UV
lind VIS lllsers. P 9

Lubricant.. Bulletin on greases to stop
glassware breakage. P 29

Magnet.. Free hnndbook of N1IRI
EI'RJESR magncts and applications.

P 193

Lamps. Literature on demountable
hollow-cathode unit for uso in nil makes
of AA instruments. P 16

Lamp.. Data on hollow-eathodc units
us,ble in all makes of AA cquipment.

P 144

Microscopes. Rcichcrt Thcnnopall
unit h.15 com'cllienl coarse nnd fine fa·
cusing with n single control. P 10

Microscopes. Catnlog on line that in­
cludes all types. P 197

pH mete... Ballery operated threc­
pound unit measures zero to 14 pH.

P 37

PhotomultlpUer tube.. Wide rllllge
or sidc.o!l or hrnd--o!l types. Brochure.

P 85

Mercury analyzers. Compact, Iow­
cost, self-contained unit. P 35

Mercury analyzers. Direct rending
in micrograms of mercury and % T.
Bulletin. P 172

Microscopesl .I.dron. Literature on
new high resolution unit. P 151

NMR standards. Two new proton
standards for high temperatures nnd
aquCQus solutions. P 59

NMR systems. Design info on new,
low-r03t 30 ~IHz unit. P 181

Oxygen analyzers. Uptake rates of
:l to 300 1'1 O,/hr monitored with 1%
nC(,llrtlcy. P 200

pH Indicators. Sticks with dye bound
rO\':dcntly to carrier. P 59

pH meters. Data file on meters, nc­
cessories, selective ion electrodes. P 22

Ion e"changers. Bulletin describes
five different ion exchange cartridges.

P91

II a_rle.. 96-page eatalng de­
scribes line of I R spectroscopy acces­
sories. P 147

Lobel.. Brochure on permanent, pres­
sure-seDBitive microscope slide labels.

P 135

Enzymes. Currier-bound, highly ac­
tive, insoluble enzymes. P 59

Evaporaton. Variablc speed tIash unit
has controlled heating bath. P 28

Evaporators. Magnctic stir-spray
principlc effects high evaporation rate.

P 176

Flowmeters. }'ancl or bench mounted,
widl or without buiJt,..in metering
\·ah·es. P 168

Fradlon colledon. Singlc-unit col­
lector with base, drop detector, timer
and digital counter. P 73

Fradion colledon. Catalog on unit
featuring automatic timc dcl11y. P 93

Furniture. Literature on complete line
from basc units to fume hoods. P 63

Go.... 104-p.1ge cawlog on specialty
gases and equipment. P 11

Gases. Infonnlltion on complete line
of listed gases. P 121

Gases. New catalog on high purity
g3SCS, mixturcs, related equipment.

P 159

Filter papors. Free sampler includes
black, white, blue papers and conver­
sion table. P 167

Indlcaton. 2 models of rapid-reset
elapsed time indicators. P 23

Instrumentation_ Line features cala·
rimetcrS', thermogravimetcrs, gas and
liquid flowmeters. P 163

In.truments. 98-page catalog on shak­
ers, baths, coolers, cathctomctcrs, clcc­
tro-an.1lysis apparatus. P 57

Integrators. Function aDd its integral
recorded simultanoously. P 86

Integrators. Digital unit fcatures
push button adjustment. P 98

Integraton. New GC unit provides
integration pIllS computation. P 140

Integraton. Digital unit prints re­
,tcotion time, peak nretl, and area total.

P 162

Hot & cold stages. :\Iaint.1.ms exact
temperature througbout oOOen·ation.

P10
Cryogenic units. Coolers for laser ra·
maD, IR, resonance spectroscopy. P 31

Desiccants. Dries nil' nnd g3St'S to
terminal dryness of 0.005 mg per liter
of gas. P 79

Cryogenic unlta. Details on liquid
helium trnnsfer and cooling syst('m.

P4

(Continued from page 113 A)
ChromatOtlraph., gOl. Brochure de­
scribes recent major ch:wges such as di­
rect reading controls, paramctric nmpli­
fier. P 145

Coulometers. Solid state system in­
eludes potentiostat and integrator.

P 123

ChramatOtlraphs, gOl. Cutalog on
computer-eompatible unit with built­
in tlow controls. P 154

ChromatOtlraph., gOl. Units for rou-
tinc and researeh analyses. P 165

ChromatOtlraphy, g.... Automatic
unit operates unattended with up to 36
samples. P 82

ChromatOtlraphy, thin loyer. Appli­
cator in 10 pl and 50 pl sizes for aque­
ous solutions or organic soh·euts. P 8

ChromatOtlraphy, thin layer. Cata­
log describes plate. sizes, coating thick­
nesses, custom adsorbents. p 12

Computers. 640 digital unit with up
to 32k of core memory handles up to
64 channels of information. P 55

Detectors. New IR unit identifies GC
peaks. Scans 2.5ft to 15p. in six seconw.

P2

Dotedors. Bulletin describes usc of
ultrasensiti"e UV photometer in liquid
chromatography. P 39

Determinaton. New sulfur. hydro­
gen, and carbon \inits feature solid 5t.1tC

design. P 114

Dilutors. Electromagnetically con­
trolled unit 1.1Ildles acids, bases, sol­
'·ents. P 70

Dewan. Literat.ure on line of g1:lss
nnd plastic Dewars and accessories.

it 107

Electronic console. Multipurpose
measuring! control system. Plug-ins
includc amplifiers, electrometers, etc.

P 147

Electrophoresis. Unit uses direct in­
sertion of samplc withont paper or
stareh granules. P 27
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• For more than 15 years, Wilmad
NMR sample tubes have given in­
vestigators performance which has
been consistently problem-free as
sample tubes could be. It is this ex­
perience and knowledge we offer you
today.

• The prices of Wilmad NMR sample
tubes have remained consistently the
same for years.

• We make ollr own NMR sample
tubes. We have never sold tubes
manufactured by someone else and
then blamed them for poor qllality.

• We will match any competitive
NMR tubes at the prices yOIl pay for
them. Then, when you arc thoroughly
dissatisfied, vou'll order the best
NMR tubes available ... Wilmad.

• Wilmad offers the most exrensive
line of NMR sample IItbes and pe­
ripheral items available today. One
purchase order to one source ...
Wilmad ... willtakc care of all your
needs.

• In many cases, we have offered to
exchange poor quality, competitive
NMR sample tubes for ours ...
withOIl/ cost . .. to prove the superi­
ority of our tubes. Try us.

• If you haven't received a copy of our
latest NMR Catalog, write for it
today. We'll send it out by return
mail.

WILMAD GLASS COMPANY, INC.
Piolt('("f ill GI"ssM'urt lor NAIR SprctrOSC'opy

Route 40 & Oak Road, Buena, N. J.
08310' Phone: (609) 697·3000

Cltelt MI. 'M '1 ' .."n' S'nlet tull



Produd Capsules

SECfJON )[EAD, Analytical Toxicology
$20.000. Central N.J. Area. Ph.D. + practical
experience with radioisotopes.

ANALYTICALfQ.C. ENGINEEIt - $14.000.
Southern Location. B.S. Chern.fCh.E. + 2-4 yrs.
expo in organics. Must know statistics and quality

.assurance.

CHEMICAL
CAREER

OPPORTU.IlIES

PRIl'iCIPAL SCIE ·TISTS-$20,000. Phila.
suburban area. Ph.D. + expo in methods de·
\'elopment, instrumentation, Dud familiar with
F.D.A. regulations.

Al'iALYTICAL CIlEMIST-$I4,000. Central
N.J. Area. B.S. Chem + ]-3 yrs. expo ill unal)'sis
and Q.C. of phormnceulical~ and cosrneliC8.

5pedrometers, x-ray. Info on 4
t)'j'cs of x-ray units. P 143

Spectrometers, x-ray. Technical bro·
.hures on manual and automated x-ray
units. P 171

Spectrophotometers. Unit goes from
325 to 925 nttl and has digital readont.
C.wlog. P 21

Spedrophotome'en. Bulletin on new
solid-st••c digital unit. P 36

Spedrophotome'ers. Brochure on
new double be.,m recording unit.

P 128

Spectrophotometer.. UVfVIS. Dou­
ble-beam recording unit has prism and
scale mounted on one unit. P 199

Spectrophotometer., UV IVIS. ~cw,

low.-cost series of modules for vuriou.5
llSeS. Free catalog. P 87

Spectrophotometer., UV fVIS. ~

models with double monochromators
nnd dual beam photometric system~.

P 184

SpedroJcoPY. Literature on complete
nuele.r spectroscopy systettls. P 131

Sproy kits. ~lllkes.n inst.nt aerosol
with any spray.ble liquid. P 141

Stir PlateJ. eatnlog show.5 units with
operating temperature:; to 3i 1°c.

P 178

Spectrophotometer.. Bulletin on UV-
V1S. JR, AA units. P 165

Spectrophotometer., AA. Unit
changes modes from AA to atomic emis-
sion at flip of switch. P 7

Spectrophotometers, AA. AnalyzC5
{wo clements in single s.."llUlllc. P 62

Spedrophotome'ers, IR. Xcw :5olid·
5t3tC pneumatic detector has high sen­
siti,"ity. P 142

Spedrophotometers, IR. Kew unit
has solid-state detector circuitry. P 150

Spectrophotometers, UYIVIS. Unit
for gcl scanning, column monitoring,
etc. P 71

SllInal averallers. Compensates
transfonned spectra for frequency-de­
pendent distortions. P 23

Solvents. Bulletin describes chemicals
distilled in glass. P 25

Spectrofluorometers. Catalog on unit
for fluorescence .nal~'ses. P 64

Spectrometers. Bulletin on ncw pho­
to-electron and Auger unit. P 3

Spectrometers. System combines digi­
t.'ll readout. teletype printer, and com­
puter. P 24

Spectrometers. Data offered on line
of JO new units. P 26

Spectrometers. Bulletin on two solid­
state N~m units. P 101

Spectrometers. Data on .nalytical
Auger unit defines first 3 to 5 layers of
• surf.ee. P 187

Spectrometen, electron. Reads out
binding energies of electrons with high
resolution. P 186

Spectrometen, NMR. Data on multi­
nucleus, easy-la-use unit. P J82

Spectrometen, x-ray. Free 17-page
npplicntion guide on x-ray spectrom­
etry. P 105

(Continued from page 114 A)

Potentlo.tat.. New potentiostat/ gal­
"OllStat has plug-in modules to pro"ide
flexibility in readout. P 138

Pre..... Spees ou 6 different sizes of
pellet presses. P 134

Reollents. Catalog on reagents for
TLC. P 20

Reagents. Literature on reagent.s for
acrylamide-gelolectrophoresis. P 58

Recorders. Line.u servo motor keeps
pen going magnetically. P 83

Recorders. Full rangc of low-cost
units widl 500 K input. P 96

Recorders. Unit prO\'ides null-b.l­
:lucing sen"o-potentiometer recording:
in minimum p:mcl space. P 108

Recorden. 'Vidc-chnrt readn.biJit\' in
:l COJnP;lct case. P '109

Recorders. Compact unit has wide
!,,(,)N:'l ion of Tang('S. P 110

Recorders. Unit provide:; recording:
on 5" X S" file rnrds. PIll

Recorders. Unit record.; the loga­
rithm of absorb:mce :lS :1 function of
w,,·elength. P 170

Samplers. Automatic system for AA
:md cmis:;ion anaJysis.· P 92

To iU\'estigat.e these immediate career opportunities
with prestige growth clients, plcuse forward resume
in confidence to Mr. Itichard Guerin, Mgr. Chem­
ical Placement Div. t E\'EJn:rr KELLE\' AS.
SOCIATES, INC., 2O.h Floor, 121 Sou.h IJroad
Street, Philadelphia, I'a. 19]07. All ft.'CS Dud re­
locating expo paid by client oompank"ti. (We arc
ExcllUiively an Employer FEE PAID ProfCzlSiollul
!'ersollncl Placement Sen-ice.)

CiR~ ••. SJ • INMlI' St"JCt tin

Stopcocks. Informntion on units l1l:ldc
of Teflon, Viton, .nd P)"rex. P 156

Sulfur analyzers. Dry deteclion unit
works on photomctric detection princi-
ple. P 152

Support.. GC. Bulletin on silanc-
treated support ttlllterial. P 100

(Continued Oil page 117 A)
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ProduCt Cap.ule.
(Conti,/Ued /ro711 page 118 A)

Surface area analyuri. Detcrmiwv
lions wilhin the 0.1 10 more than 2,000
m"/gm mnge. P 41

Surface area unltl. Literature Dnd
t.«hnicul info on instrumenl8 for char·
lIeterizing ph)'8icnl properties of mate­
~~ PID

Syring... New high pressure (up to
300 atmosphcres) OC syringe. P 14

T••t ..t.. Designed 10 ~eek perfor­
.mnce of 8pcctropholOmeterll and col­
orimeters. P II

Th.rmal analyzers. Technical p:lper
ull t-herronl :m3lysis fln.me ioniution de­
tl'Ctor. P a4

Th.rmal analyzers. Bulletin on ap­
plications of DTA, DSC, TMA, and
TOA methods. P 45

Th.rmal analyzers. Info on B)·stem
featuring sc30ning calorimeter, TGA,
and T~fA. P 146

Th.rmal analyzers. Micro DTA and
TGA systems from -ISOoC to lSOOoC.

P 165

Thermal analyzers. Basic modular
DTA design provides for e.xpansion.

P 17S

Timers. '"jscosit)" unit sta.rts llnd stops
:\tIlomatirally, is accurate to .02% ±
s('C'onds. P 190

Tifrators. Analyzes for ppm amounts
of X, S, or halogen. P 94

Titrators. G·unit. instrument is com­
p((·!(·ly modular with interchangeable
:It·c('&:ori('~. Cat..1Iog. P 122

Tifrators. llr{)('hurc on new si.'(-module
alltomntic unit. P 125

Ti'ra'orJ. Automatic K..'nl Fischer
unit with llircet readout" P 136

Trap., f1lt.r. Dries and filters gas
st r('am in pr~urizcd flow system. P 33

Tubing. 7-1 sizes of fl(':xible, cleAr, non·
oxidizing tubing. P 132

Tubing. Swndnrd ,'inyl tubing cut to
15·inch Icn~ths :md color-coded wish­
I"u,,·uridgcs. P 54

Ultra.onlc unit. Produces pilot plant
d:lla th:ll duplicates effeCls of produc­
tion equipment. P 161

Valve-mlnd.r. Data on new unit that
nlllom:lt£'S GC "n1n'5. P 31

Valve.. 3-way, 4·wny, nnd 5-wny ball
\'aln"s with color coded directionnl han·
<lies. P 191

V••••I., d.campa.ltlan. Stainl...
•1eel 2:11111 bomu for salllplo dissolutiou.

P61

Voltm.t.rs. Digital miorovolt multi­
meter sensitivo to 11'V. R 106

Researchers in atomic analyals can noW
rely upon the highlwavelength puiity and
stability of Hama.hatau Hollow Cathode
Lamps. In the MOdell23S, for Instance. a
special base metal in the cathode raduceI
the "clean-up ~menon"of the Neon
filler gas to inSignificance. Background
level is extre ely low. and an excellent.
flat curve of Igh accuracy II producible
with comp~ratlvely low current. When
your researcR 10 at mlc absorptkm
spectrosc;bPY calls for alight lIOUfCe
that is complately dependable. specify
Hamamatsu•.Al1 popular. wIcleIy-used
elements are a\lallable. Off-tlMHhelf
delivery. Exclutlve retail~
in the U.S.A.

OCLI INSTRUMENTS
132 Water 5t / 50 Norwalk / Conn / 06854 / (203) 853-2224

card.... lSI • 1M"'" sanin c..
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CABLE ADDRESS: SACTEX PROMPT SHIPMENT

100g $14.00
109 $10.00
109 $10.00

Request Cotolog EJ-71

Siohiet IsOIOpe Chemie..11s
41 Jones Ro.d

W.lthalll, MISS 12154
Tel: 617 ill-lilT-I

MASS SPECTROMETRY

NMR SOLVENTS

Rates Available on Request

Chloroform-d, 99.8% 0
Acetone-d" 99.5% 0
DMSO-d,. 99.5% 0

IINIST f. fUllAM, INC. - Scimllfic COIlsullunlJ
'.0. aox 4« SCH(H(CTADY, N. T. 12X11 $11l-7U_.5llJ

SUPPLY
CENTER

GLASS CLEANING REAGENT
1 801 (In."'" 10.9 lb. with HsSO.) ... SHI.50

GOOAX LAB., 6 VARICK ST., N. Y. 10013

FINALLY!!

A logical method for selecting col­
umns for gas chromatography.

No more ...
1. Lists of polar columns
2. Duplication of columns
3. Wasted time on obviously

incorrect columns
4. Use of obsolete columns

But ...
1. A list of numerically classi·

fied columns
2. A method for selecting col­

umns based on structure
of sample

3. Examples showing how sys­
tem works

IT'S Free ... and described
in our 1971 catalog and in our col­
umn classification chart. Write for
both. Self-addressed envelopes will

~
speed up delivery.

~
BUPELCC, INC.
Supelco Park
Bellefonte, Pa. 16823
Phone (8141 359-2732

"DIC H R OM ATE" 5 U B5TI TU T E

METAL ION FREE

Quaternary ammonium compounds.
Highly purified salts and solutions.

Cells designed for use above -2.0 volts.

....
Chell.now", Maryland 21620

Monu/ochmt,. of ~micaJ tC',tinR
ftluipfMnt aM oc«..oriu ,i1lCT 1!J19

Writ. Dept. AC 'Of' fr.. catalog

MASS SPECTROMETRIC ANALYSIS

Manufacturers Representallve
We cover the key area of N.J•• N.Y.
and Eastern Pennsylvania and are
looking for additional lines of labora­
tory Instruments and equipment.

United Scientific Co.
P.O.8011142
Cedu Knolls, N.J. C7tll
(201) 241·""

FortYSiX~
Disti lied:.:. ~
in Glass '.
Solvents I .

POLAROGRAPHIC SPECIALTIES

ThlnN~ldlt.tt'rzatC'rtll',
lIulk and lra~ IUIlJy.11 01 ..II Kllld maINI.I...
ConC'f'olrallon lI:radltnu or dUT~d lmpurltlft.

Rc.olutlon 5000.
~naItlyjty tu IIUti 10C't bUlIon.
OCA Tn:hnolOl:Y J)lylAlon, dlvWnn 01 GCA Cur­
poraUon. Bedford. M .... Td. (617) 27~9OOU.

Aun: Ull"fttor ot Marhtlnc

III 'HIlI( "
'" ,\( "Sf 1'(
I \II( IH \ I (JHII S 1"( CI' 7? .' .,,,

NiII~"'IG(jPlto MI( 'iIGAN 4'444/

LABORATORY

p-Aminohippuric Acid. a-Benzoin Oxime. a-Bromonaphthalene
tert.-Butyl Methyl Ether. 2(4-Chlorophenoxy)ethanol • Cochineal
a-Chloropropionlc Acid. 1.2-0iethoxyethone • Oiethyl Adipate

Ethyl Pyruvate. Hippuric Acid. Iminodiacetic Acid Oisodium Salt
3-lndoleacetic Acid. Maltose. a-Naphthoic Acid. Neocuproine

Phenoldisulfonic Acid. O-Ribose • Sa'licin • OL- & L-Serine
Sodium.Oihydroxytartraie • Sodium Oilhionate • Sodium Pyruvate

Thionalicle • Trisodium Pentacyanoamineferroate • Xylitol • Xylose

Write for list 1(·69 of other chemic.ls
T«I: 201696-1700 TWX: 710988-5831 ZIp Code 074040

Analytical Chemistry

P •••le~ MaU.ch, p ..edaoti•• Mao.age..

142 EutAve.

Norwa1Jc, CODD. 06851

203-853-4488
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IFUTURE ARTICLES I
Gas Chromatographic Analysis of Phenol and Substituted
Methyl Phenol Using Open Tubular Columns
J. Hrinvnalc and J. MacIk

Thin Layer Electrochemistry. Minimization of Uncompen.
sated Resistance
G. M. Tom and A. T. Hubbard

Solvent Effects on Protonat ion Constants: Ammonia.
Acetate. Polyamine. and Polyaminocarboxylate Ligands in
Methanol·Water Mixtures
O. B. Rorabacher, W. J. MacKellar, F. R. Shu, and M. Bonavita

Dynamics of Continuous Segmented Flow Analysis
R. O. Begg

Continuous Electrochemical Detennination of cyanide.
Application to cyanogenic Glycosides in Sudan Grass
O. B. Easty, W. J. Blaedel. and l. Anderson

COmputer Acquisition of Frontal Analysis Chromatographic
Data for Surface Area Determination
M. F. Burke and D. C. Ackerman, Jr.

Radioisotope Derivative Procedure for the Detennination
of Epinephrine or Norepinephrine
W. J. Blaedel and T. J. Anderson

Instrumental Peak Distortion. III. The Analysis of Over·
lapping Curves
I. G. McWilliam and H. C. Bolton

0p.timum Parameters for Flame Emission Spectroscopy
wllh the Nitrous Oxide-Acetylene Flame
G. O. Christian and F, J. Feldman

Further Investigation of the Colorimetric Reaction between
Aromatic Isocyanates and Peroxy Compounds
R. F. Layton and l. A. Knecht

Colorimetric Determination of Traces of Zinc in Zinc Oxide
J. M. Kruse

Determination of Dissolved Oxygen Using Photoreduced
leuco Phenothiazine Dyes
P. A. Hamlin and J. lambert

Quantitative Determination of Dialkyl Phosphates and
Dialkyl Alkylphosphonates by Gas-liquid Chromatography
E. J. Quinn and D. H. Ahlstrom

Polarimetric Studies of Alkali Metal Ion Complexes of
D·Propylenediaminetetraacetic Acid
J. O. Carr and D. G. Swartztager

New Approach to the Microdetermination of Fluoride Ad·
sorption-Diffusion Technique
P. Venkateswarlu and P. Sita

Thin·Layer Densitometry of Certain Malto-Oligosaccharides
C. T. Mansfield and H. G. McElroy

Some Anomalies of the Gibbs Reaction
J. C. Dacre

Gas Chromatographic Determination of Polycyclic Aro­
matic Hydrocarbons
K. Bhatia

another 1st in Gas Chromstography

PRETESTED
MOLECULAR SIEVES

..
Now the sLsodard material for GC analysis of 02 and N2 is available

with assurance of quality.

Prope~ preparation and .pretesting of tpe finished product guaran·
tees these molecular sieves for excellent perfortflilnce.

Fach ba~h...is supplied with test results showing the 02/N2 separa·
lion undlir specific oPerating conditions. See example at left.

Amiable In 811 mesh liz.:
PT MOLECULAR SIEVE 6A· for .... onoly_
PT MOLECULAR SIEVE 13X· for IIieod _yolo

For more iIlttiih. write for the March/April GAS-CHROM NEWS·
LE17'ER.

Post Office Box 440 J St8te College, Pennsylvania 16801 1814·238·2406

Circl.'h.l ••••d,u'SI"ic,C.f.
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Precision A o· a a
accurate Ftitrations a
Time saving is the single most Important feature of tills InstnnnenI for many-.TIme Is
money, and the Auto-AquatralOr will pay for ltaelln speed, accuracy and rwproducIbIlIly. You

can rapidly determine the molstura contenf of any organic or Inorganic I8IIlPIe IUbmIIIed,
using standard Karl FIscher reagent. Simply add tile sample, record tile InItIlII buIelIe
reading, and press the "alan" button. Thla compact. self-contained unit~
the entire titration. When the end point Is reached, tile titrant feed circuit Is
dlHlnerglzed and the pilot light indicates tile titration Is completed. The opendDr

mereiy notea the final burette reading and calculates tile moIstura content.

Looks easy to operate and it is!
And this new modei has been Improved by the addition of a poeltive burette

filling valve to replace the original plunger filling system. The MW valve

directs air pressure from the Internal vacuum pressure pump through the

drying tubes. This pressurizes the reagent bottles to force the reagent up into

the burettes. To learn more about the Auto-Aquatrator, consult your

Precision Scientific Dealer or write us. Precision SCientific Co., 37:rT W.

Cortland St., Chicago. Illinois 60647.

CirlII ... _



In U.S., lauda Circulators, Dlvlsian of Brinkmann
Instruments, Cantiague Rd., Westbury, N.Y. 11590.
In Canada, Brinkmann Instruments (Canadol ltd., 50
Galaxy Boulevard, Rexdale (Tarantal, Onlarlo.

Cirel, NI. t. II lUhrs' Sink' Cull

I..AllltA£ir£lIlatnrs

m

ously variable heater wattage control, on exclusive,
extra-sensitive thermoregulator, liquid flow control
and drain valves, and a reading thermometer at no
extra cost.

Still on unbeliever? Write for a convincing cata­
log with information about all of our constant temper­
ature baths and circulators for operation in ranges
from _120° to +330°C.

IIclie\Tc it.
Some like it cool (down to _10°C). Some like it

hot (up to +150°C). Everybody likes the unbeatable
price tog of $595.

The lauda K·2/R Refrigerated Constant Temper­
ature Circulator is ideal for occurate tempering of
jacketed instruments and a variety of other laboratory
applications. Especially where control precision, wide
temperoture range and trouble-free ruggedness are
the real measure of value.

Need it cooler, or a little more bath space? The
new lauda K-4/R operates down to -30°C and has a
larger, easy-occess immersion chamber that accom­
modates standard 4x8" test tube racks.

Both compact models feature all·stainless steel
construction, solid-state electronic system, continu-
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