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Lab or field, production or process, OEM or general purpose...

The Omnigraphic® Series 100 lets

; you select the model
that’s right for

your application

The Series 100 is a complete family of X-Y record-
ers with a model available to meet your specific re-
cording need. Each model is built around a basic
mainframe. The completely self-contained main-
frame stands alone but can act as the basic build-
ing block for your particular application. The Series
100 meets both general purpose as well as special
purpose system applications.

Houston'Instrument’s patented non-con-
tacting capacitance feedback transducer re-
places the slidewire and potentiometers,
neatly eliminating the most troublesome
components of X-Y servo systems.

For complete information contact
Jim Bell, Houston Instrument,
One Houston Square, Austin, Texas
78753 (512) 837-2820. Outside Texas
call toll free 1-800-531-5202. In
Europe contact Houston Instrument,
Rochesterlaan 6 8240 Gistel Belgium.
Phone 059/277445.

No more slidewire
cleaner,

no more slidewire i
lubricant,

no more slidewire

Prlces begin at $970*

DIVISIONOF BAUSCH & LoMa ()
* U.S. Domestic Price Only 'lnstruma"t I s
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Even Better Ways of Doing
What Dohrmann Does Best

Measuring traces of nitrogen, sulfur, and halides
Dohrmann microcoulometric systems are leaders in the field
for fast, accurate and sensitive determinations of traces of

N, S, and Cl in solids, liquids and gases at the ppm level.
Dohrmann’s ongoing development of sampling accessories
and methodology make this technique a powerful analytical
tool in any laboratory. For details, call your local Dohrmann
salesman or Doug Jones toll-free at (800) 538-7708.

Analyzing water for ppb organic carbon
Dohrmann has added the DC-54 ultra-low-level organic
carbon analyzer to its well established line of versatile TOC
instruments. The DC-54 brings speed. convenience and
precision to low-level TOC analysis: purgeables to' =1 ppb,
non-purgeables to =10 ppb.

If your TOC requirement runs from drinking to waste water,
remember: Dohrmann does it all. For details on Dohrmann
TOC analyzers, call your local Dohrmann salesman or

Leon Hiam toll-free at (800) 538-7708.

The DN-10 Total Nitrogen Analyzer

Using oxidative pyrolysis and chemiluminescence detection,
the DN-10 offers even greater convenience when measuring
traces of nitrogen in organics. It's a proven, reliable
performer for rapid, routine, low level analysis of nitrogen
in feedstocks, light oils, and other petroleum products.

For details, call your local Dohrmann salesman or

Doug Jones toll-free at (800) 538-7708.

For literature on all products described above, write or
circle the reader service number below.

Santa Clara, Cahifornia 95050

ENVIROTECH DOHRMANN 3240 scon Bovievard

CALLTOLL FREE
(800) 538-7708

e —— In Alaska, California,
" Hawaii, Puerto Rico, coll
e e g
~ ® collect (408) 249-6000
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High Performance TLC

without mortgaging

the ranch.
Introducing

the Whatman LHP-K plate.

High Performance TLC (HPTLC) aims —in concept —to
revolutionize TLC. It's fast, extremely sensitive (pg-ng),
has excellent reproducibility, high separation capability; it
can be correlated with HPLC and is in other ways virtuous
for either qualitative or quantitative TLC.

Unfortunately it was also expensive and a little fussy.
Until now.

Now there's the Whatman LHP-K plate, high perfor-
mance TLC with a preadsorbent area. You use it just as
you use any preadsorbent TLC plate; no special spot-
ting equipment or chambers; no special techniques.

HPTLC results. Excellent HPTLC results.

You can spot relatively large volumes (up to 5 ul) of low
concentration samples with, for example, a Drummond 5 ul
Microcap. Develop in an ordinary chamber. Separate
nanogram, even picogram, quantities in 1-4 minutes. Tight
(1.5 - 2.5 mm) spots in a 3-7 cm run. The LHP-K plates
incorporate a preadsorbent spotting area preceding the
special, 5 um particle, silica gel. This virtually eliminates all
spotting problems long associated with HPTLC. The layer
is ultra smooth and highly reflective.

The LHP-K plate. Inexpensive HPTLC. Only from What-
man.

Details in our new literature. Yours for the asking.
Whatman Inc. ® 9 Bridewell Place, Clifton, N.J. 07014;

tel: 201-777-4825.
CIRCLE 238 ON READER SERVICE CARD
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Briefs

Two-Dimensional Chemical State Plots: A
Standardized Data Set for Use In Identifying Chemical
States by X-Ray Photoelect Py 466

The two-dimensional graphs plot kmetlc energy of the
sharpest X-ray excited Auger line versus the binding ener-
gy of the most intense photoelectron line.
C. D. Wagner,* L. H. Gale, and R. H. Raymond, Shell Develop-
ment Company, P.O. Box 1380, Houston, Tex. 77001

Anal. Chem., 51 (1979)

Surface Analy tric Charging

Technique 483
The technique’s utility for detection of chemical transfor-
mations of surfaces and contamination by mass transfer is
demonstrated.
Harry W. Gibson,* John M. Pochan, and F. C. Bailey, Webster
Research Center, Xerox Corporation, Webster, N.Y. 14580

Anal. Chem., 51 (1979)

by a Triboel

Auger Electron Spectra Intensity Variation with
Potential-Modulation Differentiation 488

The intensity of Auger transitions for a number of KLL,
MNN, and LMM series peaks are examined as a function
of the modulation voltage.

G. E. McGuire* and B. R. Martin, Texas Instruments Incorpo-
rated, Dallas, Tex. 75265 Anal. Chem., 51 (1979)

Parameters for the Ratio Method by X-ray
Microanalysis

Atomic or weight ratios of el can be calcul
tinely from X-ray intensities of ultrathin samples using
precalculated proportionality factors.

Andris G. A. Jinossy,* Krist6f Kovécs, and Ida Té6th, Biologi-
cal Research Center, Institute of Biophysics, POB 521, H-6701
Szeged, Hungary Anal. Chem., 51 (1979)

491 .
ed rou-

Diagnosis and Correction of Wedging Errors in
Absorbance Subtract Fourier Transform Infrared

Spectrometry 495

The wedging effects in absorbance subtract spectrometry
give the resulting concentration errors and residual spectra,
and describe means for correcting for them.

‘Tomas Hirschfeld, Block Engineering, Inc., Cambridge, Mass.
02139 Anal. Chem., 51 (1979)

* Corresponding author.
® Supplementary material available.
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Determination of Oil Content in Oil Modified o-Phthalic
Polyester Resins by Infrared Spectrometry 499

The calculated oil percentage is within the accuracy of a
gravimetric procedure.

James A. Vance,* N. Bradford Brakke, and Paul R. Quinney,
Analytical Laboratory, Lilly Industrial Coatings, Inc., 666 South

California Street, Indianapolis, Ind. 46225
Anal. Chem., 51 (1979)

Nanosecond Time-Resolved Spectrometry with a
Tunable Dye Laser and a Simple Pulse-Gated Photon
Counter 502

Fluorometric system (AX = 3.5 pm, At = 5 ns) is con-

structed and used for the measurement of the time-re-

solved spectrum and of the lifetime. The sensitivity of A¢

is5 X 1071

Totaro Imasaka, Teiichiro Ogawa, and Nobuhiko Ishibashi,*

Faculty of Engineering, Kyushu University, Fukuoka 812, Japan
Anal. Chem., 51 (1979)

Vapor Phase Determination of Blood Ammonia by an
Optical Waveguide Technique 505

A linear relationship exists between absorbance and blood
ammonia concentration in the clinically useful range of
0-400 pg/dL.

P. L. Smock, Department of Chemistry, University of Dayton,
Dayton, Ohio 45469, T. A. Orofino and G. W. Wooten,* Monsan-
to Research Corporation, 1515 Nicholas Road, Dayton, Ohio
45407, and W. S. Spencer, St. Elizabeth Medical Center, Dayton,
Ohio 45407 Anal. Chem., 51 (1979)

Effect of Sample Thickness on the Magnitude of
Optoacoustic Signals 508

Published theoretical predictions of the effect of sample
thickness on optoacoustic signal magnitude are substan-
tiated experimentally using polymer films.

M. J. Adams,"* G. F. Kirkbright, and K. R. Menon, Chemistry
Department, Imperial College of Science and Technology, London
SW72AZ, UK. Anal. Chem., 51 (1979)

Determination of Trace El ts in Light EI 1]
Matrices by X-ray Fluorescence Spectrometry with
Incoherent Scattered Radiation as an Internal
Standard 511

Analyses of approximately 0.5-g samples, prepared as thin
uniform specimens, give results accurate to within £ 10%,
when X-ray counting statistics are not the limiting factor.
Robert D. Giauque,* Roberta B. Garrett, and Lilly Y. Goda,
Energy and Environment Division, Lawrence Berkeley Laborato-
ry, University of California, Berkeley, Calif. 94720

Anal. Chem., 51 (1979)




Model 501: New, low-cost
digital pH meter readable
10 0.01 pH. Features ATC

‘and digital reading of
temperature.

Model 407A: Versatile, top-
of-the-line analog meter for
pH and specific ion work.
Also available in battery-
powered field version, with
carrying case.

Model 201: A low-cost,
hand-held digital that reads
10 0.05 pH.Comes with car-
rying case and line adaptor
to permit laboratory use.

Ask for a demonstration of any ORIO lemon™ meter

and receive a “no lemon” T-shirt, free!

Please call me for a demo of (circle):

501 901 407A 201  701A
T-shirtsize:  Omedium ~ Dlarge  De
Name

Take your pick of the “no lemon" crop! These are just a few
of ORION's pH and specific ion meters, priced from as little
as $220. They're so reliable, each one comes with our
famous “no lemon" guarantee: if your meter quits for any

Title Phone (
reason other than abuse within one year of purchase, we'll Organization
replace it with a brand new one. Immediately, and without
charge. That's why we say, “ORION eats lemons!" Mail the Street

coupon today for your demo and free T-shirt. £ City State

ORION RESEARCH

Orlon® “Nolemon™ 380 Putnam Ave., Cambridge, MA 02139




Briefs

Comparison of Different Plasma Excitation and
Calibration Methods in the Analysis of Geological
Materials by Optical Emission Spectrometry 516
No buffers are needed for rock analyses by ICP in which
the matrix effects are low. For MWP, large quantities of
ionization buffers are needed.

Jan-Ola Burman and Kurt Bostrom,* Department of Economic

Geology, University of Lulea, S-951 87 Luled, Sweden
Anal. Chem., 51 (1979)

Stoichi try of the Reaction of Electrons with
Bromotrichloromethane in an Electron Capture
Detector 537
Results lend support to assumptions of chemical reactivity
inherent in the use of the ECD as a gas-phase coulometer.

E. P. Grimsrud® and S. H. Kim, Department of Chemistry, Mon-
tana State University, Bozeman, Mont. 59717
Anal. Chem., 51 (1979)

Statistical Designs for the Optimization of the

Determination of Microgram Quantities of Asbestos by
X-ray Diffraction: Chrysotile in Thin Dust Layers of
Matrix Material 520

Detection limits as low as 2 ug/cm? (on a filter) are cited in
the presence of mg quantities of matrix.
B. A. Lange® and J. C. Haartz, U.S. Department of Health, Edu-
cation, and Welfare, Public Health Service, Center for Disease
Control, National Institute for Occupational Safety and Health,
4676 Columbia Parkway, Cincinnati, Ohio 45226

Anal. Chem., 51 (1979)

Optimized Wide-Interval Rate Measurements of
Substrate 526

Estimation of substrate from rate s
over wide time intervals can exhibit an order of magnitude
reduction in errors because of the rate constant variations.
J. E. Davis*® and Brian Renoe, Division of Laboratory Medicine,
Departments of Pathology and Medicine, Washington University
and Barnes Hospital, St. Louis, Mo. Anal. Chem., 51 (1979)

Optimization of the Coupled Enzymatic Measurement
of Substrate 529

By proper selection of the time at which the reaction rate is
measured, 20% variation in enzymatic activities will cause
less than a 2% variation in the initial substrate concentra-
tion rate.

J. E. Davis* and Jeff Pevnick, Division of Laboratory Medicine,
Department of Pathology and Medicine, Washington University
and Barnes Hospital, St. Louis, Mo. 63110 Anal. Chem., 51 (1979)

Determination of Individual Ubiq

Nitrogen-Phosphorus Gas Chromatographic Detector
Response 541

The average value of the ratio of nitrogen to hydrocarbon
response with the nitrogen-sensitive detector is about
1000:1.

1. B. Rubin®, Bio/Organic Analysis Section, Analytical Chemistry
Division, Oak Ridge National Laboratory, Oak Ridge, Tenn.
37830, and C. K. Bayne, Mathematics and Statistics Research
Section, Computer Sciences Division, Oak Ridge National Labora-
tory, Oak Ridge, Tenn. 37830 Anal. Chem., 51 (1979)

Electron Impact Excitation of lons from Organics: An
Alternative to Collision Induced Dissociation 547

The spectra obtained using cyclotron resonance spectrome-
try are analogous to those obtained by collision induced

dissociation and yield characteristic structural information.
R. B. Cody and B. S. Freiser,* Department of Chemistry, Purdue
University, West Lafayette, Ind. 47907 Anal. Chem., 51 (1979)

Deter tion of Org Ifur C Extracted
from Marine Sediments 551

Method uses a dichloromethane extraction with a Cu col-

umn to eliminate elemental sulfur and a flame photometric

detector. The detection limit for S is 1 ng with a precision

of £10%.

Timothy S. Bates® and Roy Carpenter, Department of Oceanog-

raphy, University of Washington, Seattle, Wash. 98195
Anal. Chem

p

.51 (1979)

Volt tric lon S Electrode for the

tion of Nitrate 554

Deter

by Mass Spectrometry and High Performance quuld
Chromatography 534

The detection limit for ubiquinone using the direct inlet se-
lected ion monitoring method is 0.1 ng.
Sukehm) Imabayashi,* Teuu)n Nnkamura. Yoshio Sawa,
Jiro H a, Kenya S Takeshi Fujita, Yutaka
Mori, and Klyoslu Kawabe, Eisai Research Laboratories, Eisai
Co., Ltd., Koishikawa 4, Bunkyo-ku, Tokyo 112, Japan

Anal. Chem., 51 (1979)
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Electrolysis cell with an anion-exchange membrane sheath
responds to nitrate down to 6.7 X 10~% M. Currents mea-
sured at 8 min yield working curves with a slope of 1.91
0.05 X 10% nA/M.

James A. Cox* and George R. Litwinski, Department of Chem-
istry and Biochemistry, Southern Illinois University of Carbon-
dale, Carbondale, 1. 62901 Anal. Chem., 51 (1979)

Spectroelectrochemical Determination of
Heterogeneous Electron Transfer Rate Constants 556

Good agreement is obtained between values of k¢, and a
determined sp(c!ruelt(lro( hemically (kgy, = 4.6 (£ 0.2) X
1074 em/s, a = 0.328 (£ 0.006)) and those determined by
chronocoulometry (kgy, = 4.0 (£ 0.2) X 1074 em/s, « = 0.323
(£ 0.008)).

Douglas E. Albertson and Henry N. Blount,* Brown Chemical
Laboratory, The University of Deleware, Newark, Del. 19711, and
Fred M. Hawkridge,* Department of Chemistry, Virginia Com-
monwealth University, Richmond, Va

2
Anal. Chem., 51 (1979)



MEASURING
MOLEGULAR WEIGHT:

1 All Polymers measured. We

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

2 Results in Minutes. We can

= provide answers in minutes to
such complex data processing
problems as the determination of
molecular weight (MW) distributions
or diffusion coefficients. For
example, using Chromatix turnkey
software, our powerful disk-based
Laboratory Data System can calcu-
late MW distributions from on-line
gel permeation chromatographic
data (GPC) and automatically plot
the results. We also have turnkey
software for automatic calculation
of diffusion coefficients, particle
sizes, absolute molecular weight
and MW distributions. To build your
own custom programs, we offer
LDS system disks for FORTRAN
and BASIC. Our system is also
PDP-11 software compatible.

3 Unique MW Detector. To

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

Aqueous Chromatography.
= For separation in liquid
chromatography, our new line of
Aquapore™ columns and our new
constant flow HPLC pump are
specifically designed for use with
water soluble macromolecules. Yet,

they handle polar and non-polar
organic solvents just as successfully.
We also offer other types of
columns, plus valves, injectors, and
plumbing components.

= Backup. We offer a wide range
of technical backup including de-
tailed application literature, user
training courses, and a fully staffed
and equipped applications labora-
tory. For complete technical and
application information, check #35
Laboratory Data System, #36 KMX-6
Detector, #37 Pump anc Columns,
#38 Applications in Synthetic Poly-
mers, #39 Water Soluble Polymers,
#40 Biopolymers, #41 Low
Molecular Weight, #42 technical
representative to call.

Ichromalix

Specialists in Molecular Weight

TWX

560 Oakm
Sunnyvale, CA 94086 -
Phone: (408) 736-0300

Parkway D6903 Neckargemund 2
Unterestrasse 45a
West Germany

Phone: (06223) 706162
Telex: 461691

910-339-9291
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RUGGED 0.6 METER
MONOCHROMATOR

The HRS Isdesigned rooffef ulrro—hlgh vh:oughpm
with excellent |
diffroction gratings up lo 110 x 110 mm in @
600 mm system resultsin anincredible F4.9 aper-
ture and very high stray light rejection.

Ideol applications include fluorescence, ab-
sorption,  plasma emission and laser spectro-
scopy. Send today for all the derails.

Instuments SA, Inc.. J-Y Opﬂcol i
Essex Avenve. Metuchen, N.J. 08840. (201) 494-8660.
Telex 844-516. In Europe, Jobin Yvon. Division d'nsmu-

france, umuvamex:onwonuu 882.

3 3 Optical Systems Division

Systems Division, 173
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Briefs

Thin-Layer Spectroelectrochemistry for Monitoring
Kinetics of Electrogenerated Species 561
Rate constants obtained for the acid-catalyzed benzidine
rearrangement are 2.8 X 107?51 in 0.05 F HCl and 3.0 X
10-2s71in 0.10 F HCL

Elmo A. Blubaugh, Alexander M. Yacynych, and William R.
Heineman,* Department of Chemistry, University of Cincinnati,
Cincinnati, Ohio 45221 Anal. Chem., 51 (1979)

Metallized-Plastic Optically Transparent Electrodes
565

Polyester sheets covered with thin films of gold or indium/

tin oxide are used as optically transparent electrodes.

R. Cieslinski and N. R. Armstrong,* Department of Chemistry,

University of Arizona, Tucson, Ariz. 85721
Anal. Chem., 51 (1979)

Determination of Nitrogen and Oxygen Functional
Groups in Coal-Derived Asphaltenes 569
Absorptivity values of OH (L/g-cm) and NH (L/g-cm) are
0.066 + 0.002 wt % OH and 0.052 + 0.006 wt % pyrrolic ni-
trogen.

Irving Schwager and Teh Fu Yen,* Chemical Engineering De-
partment, University of Southern California, University Park, Los
Angeles, Calif. 930007 Anal Chem., 51 (1979)

ULTRA-HIGH THROUGHPUT
1M MONOCHROMATOR

The highest throughput monochromator avail-
able, the HR-1000 offers an aperture of F6.8
using @ 120 x 140 mm holographic diffraction
grating.
Featuring high resolution and full computer
* comparibility, the HR-1000 is ideal for plasma
emission, fluorescence, absorprion, kinefics using
multichannel derecrion and, of course, laser
spectroscopy. Send today for all the details.

Insruments SA. Inc., J-Y Oprical Systems Division, 173
Essex Avenue, Meruchen, N.J. 08840. (201) 494-8660,

Ytluusts:&:lm Condvmbgwm d'lnstru-
- France, Tel. 909.34.93 Telex JOBYVON 842-692882.
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Deter tion of Nitrogen in Atmospheric Aerosols by
Proton Activation Analysis 572

Sensitivity extends to 0.1 ug/cm? corresponding to 200 ppm
in a sample of thickness 500 ug/cm?. The accuracy, when
compared with the destructive combustion method, is ap-
proximately 14%.
Mark Cl Tihomir Novakov, and S 1S. Marko-
witz,* Department of Chemistry and Lawrence Berkeley Labora-
tory, University of California, Berkeley, Calif. 94720

Anal. Chem., 51 (1979)

Conti Source Atomic Fluor Detector for
Liquid Chromatography 575

Retention data reported for the acetylation reaction of fer-
rocene are in agreement with those obtained using the con-
ventional UV molecular absorption detector.
Daryl D. Siemer,* Prabhakaran Koteel, Daniel T. Haworth,*
William J. Taraszewski, and Stephen R. Lawson, Department
of Chemistry, Marquette University, Milwaukee, Wis. 53233

Anal. Chem., 51 (1979)

Aids for Analytical Chemists

Microprocessor-Controlled Digital Inlegralor for
Nuclear Magnetic R 579

F. Morley, I. K. O'Neill, M. A. Pringuer, and P. B. Stockwell,*
Laboratory of the Government Chemist, Cornwall House, Stam-
ford St., London SE 9NQ, United Kingdom

Anal. Chem., 51 (1979)




The Ohaus

The electronic balance that thi

\What makes our new Ohaus Dual-Range 1500D so smart?

It gives you two ways to profit from one electronic
balance:
1) 1509 x 0.01g capacity and sensitivity or

2) 15009 x 0.1g capacity and sensitivity

By the touch of a bar you enjoy the advantages of two
different balances. In one compact unit. With one low price
tag—only $1,595 (a lot less than some electronic balances
with a lot less to offer).

The brain behind it all.
The tiny genius that controls the 1500D is our sophisticated
microprocessor, which stores operator commands, then
responds only after the reading is stable.

That means human interaction without human error, in
more ways than one.

Consider all the Intelligent festures Ohaus
squeezed into each compact 1500D...

* Die-Cast Construction. Stands up to abuse. Stain
resistant. Wipes clean. Protects against dust and spills.

* Microprocessor “Brain”. Fewer components for
greater reliability.

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

¢ Clearly Labelled Controls. Right up front for quicker
and easier operation.

*Large, Stable Platform. Takes variety of objects and
unexpected overloads in stride.

 Big, Easy to Read Digits. Seen when seated or
standing. If overloaded, “error™ shows.

* Span Calibration Adjustment.
Recessed above tare bar.

tvmeforyou.

'Rod( -Steadly Display. “g" lights up for stable reading.

* “Rapidtouch” Tare Bar. Recessed to avoid
accidentally taring.

And you can learn to operate one in just a few
minutes.

Glve the new 1500D the twice over.
Send us this coupon —and we'll send you our full-color
Catalog about the 1500D and all the new Ohaus
Brainweighs. The weigh of the future.

The Ohaus 1500D. Fully guaranteed. And backed by
over 70 years of Ohaus quality engineering.

Once you have one, you won't have to think twice
about it.

Ohaus Scale Corporation, Dept. 11-029

29 Hanover Road, Florham Park, N.J. 07932, (201) 377-9000

OYes, show me the we:gh of the future. Send me the fuil-color catalog on
the Ohaus Branweighs

OFm ready to see a Gemonstration. Please have a dealer sales rep call me:

PHONE NUMEER
CIRCLE 157 ON READER SERVICE CARD




Briefs

Hald,
r

Graphite Plate Sampl
Photoelectron Spectroscopy 581
David M. Aylmer, Hossein Razzavi, and James C. Carver,*

Department of Chemistry, Texas A&M University, College Sta-
tion, Tex. 77843 Anal. Chem., 51 (1979)

for X-ray

Blank Limitations in Laser Excited Solution

Luminescence 583

T. G. Matthews and F. E. Lytle,* Department of Chemistry, Pur-
due University, West Lafayette, Ind. 47907
Anal. Chem., 51 (1979)

Algorithm for the Determination of Decay Rate

Constants by Reversal Current Chronopotentiometry
585

Donald A. Tryk and Su-Moon Park,* Department of Chemistry,

The University of New Mexico, Albuquerque, N.M. 87131
Anal. Chem., 51 (1979)

Digestion Tube Diffusion and Collection of Ammonia
for Nitrogen-15 and Total Nitrogen Determination 586
William A. O'Deen® and L. K. Porter, USDA, Science & Educa-

tion Administration, Agricultural Research, P.O. Box E, Fort Col-
lins, Colo. 80522 Anal. Chem., 51 (1979)

General Method for Over ing Phot ti
Saturation in Highly Colored Organ!c and Inorganic
Solids 589

William H. Fuchsman,* Chemistry Department, Oberlin College,
Oberlin, Ohio 44074, and Ann J. Silversmith, Gilford Instrument
Laboratories, Inc., 132 Artino Street, Oberlin, Ohio 44074

Anal. Chem., 51 (1979)

Automatic Device to Monitor and Terminate a
Distillation 591

Robert R. Lowry, Department of Agricultural Chemistry, Oregon
State University, Corvallis, Ore. 97331 Anal. Chem., 51 (1979)
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CALIBRATION GAS MIXTURES
IN DISPOSABLE CYLINDERS

Matheson now offers a
wide variety of gas mix-
tures and pure gases in con-
venient, disposable cylin-
ders. Containing 14 liters
of analyzed gas mixtures
or pure gases, these cylin-
ders are easy to handle,
extremely portable, and
weigh only 1% pounds. A
pressure regulator and uni-
que syringe adapter are
available. All products are
shipped UPS for speed and
economy. For a complete list of products and pricing
contact Matheson, 1275 Valley Brook Avenue, P.O. Box
E, Lyndhurst, NJ 07071.
CIRCLE 138 ON READER SERVICE CARD

N,O ICING ELIMINATED

The new N>O heater from Matheson prevents AA system
icing caused by nitrous oxide at high flow rates. N>O
icing poses problems in automatic control since the system
regulator cannot function properly when iced. Other con-
trols and instruments such as valves and flowmeters can
also become ineffective as ice layers build up. Installed
between the N>O cylinder and regulator, the N5O heater
eliminates regulator icing. It plugs into any 110V outlet
and can heat N>O at flowrates up to 751/m (160 cfh). The
N7O heater is thermostatically controlled so that the gas
is not overheated and the heater can be left unattended
without gas flow. Construction is of brass and the N,O
heater is rated at 3000 psi. Specifications and prices are
available from Matheson, 1275 Valley Brook Ave., P.O.
Box E, Lyndhurst, NJ 07071.
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99.9999% MINIMUM PURITY HELIUM
Critical gas chromatography procedures to determine trace
impurity levels can only be performed using very high purity
carrier gas. Matheson now makes available the purest helium
for this purpose. Most individual impurity levels are non-
detectable at thresholds of 0.1 ppm. Complete information
is available from Matheson, 1275 Valley Brook Ave., P.O.
Box E, Lyndhurst, NJ 07071.
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s‘ When should you use a two stage regulator. .. or
i will a single stage suffice? When do you need a

metering valve? Can I get a direct reading flowmeter?

Math questions like this every day in

every office.

Different gases, different end uses require differ-

ent answers.

It’s one of the reasons Matheson has over 2,000

specific pieces of equipment. You need that much

to properly handle over 150 gases.

At Matheson there is no Equipment Maze, just a

well-organized product line with well-organized

people to help you.

We have prepared a guide for selecting the right

regulator. Use the reader service number for your

copy of our Regulator Selection Guide.

>
— [N -
East Rutherford, N.J. 07073/Morrow, Georgia 30260/La Porte, Texas 77571
(] L) Gloucester, Massachusetts 01930/ oliet, linois 60434/Gonzales, Louisiana 70737
». N ( Cucamonga, California 91730/Newark, California 94560/Bridgeport, N.}. 08014
A Dorsey, Maryland 21227/Whitby, Ontario, Canada LIN SR9
Lyndhurst, N.J. 07071 Edmonton, Alberta, Canada T5B 4K6/B82431 Oevel, Belgium

6056 Heusenstamm, West Germany
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The friendly desktop computer system...

They’re solving big problems.

They've leamed what computer power is all about. HP's System 45 desktop computer
provides the simplest, most direct way to a solution—from the problem in your mind to a final report
or plot, quickly and easily. That's why more and more problems thought to need
a big computer are now being solved by System 45.
This powerful graphic, computational tool operates with a wide range of input, mass
storage and output peripherals. As for software, we don't think you should
have to write all the programs you need to solve your problems. That's why we have a
wide array of practical, user-tested software to help you handle statistical analysis,
engineering design, management science, business administration and
much, much more.
In the graphics system shown, the input device is the HP digitizer (9874A),
the mass storage is the internal dual tape drives, and the
output is the HP 4-color plotter (9872A). You can interface System 45
with virtually any instrument found in the scientific




" But not on a bigcomputer.

or engineering environment. All interface cards, cables and 1/0 slots
are designed for quick “‘plug in and run" operation.
In addition, the System 45 Enhanced BASIC language allows you to upgrade
any peripheral —internal printer to line printer, CRT graphics to 4-color plotter,
tape drive to floppy disk—by simply changing one statement with
no other software modification.
If you'd like to solve big problems on your own terms, at your own
pace, and in your own work environment, you need the power
and flexibility of the friendly HP System 45. Power in terms of fast, simple
solutions, and the flexibility to solve more big problems than you probably
thought possible.
For brochures describing System 45 and the HP programs of interest to you,
call the HP Literature Center toll-free day or night.
The number is 1-800-821-7700, Extension 400. (In Missouri,
‘ call 1-800-892-7655, Extension 400.) Or, call your
| nearest HP sales office for a demonstration.
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HEWLETT ﬁ PACKARD

3404 E Harmony Road, Fort Colns, Coloracio 80525

For assatance cal. Washngion (301) 486370, Chcago (312)
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& - The Model 384-1
@Y Polarographic Analyzer
> System...

9 complete omlyﬁcol curves
commodates up fo 9.peaks in each scan

¢ Calculates concentration automatically by either sfondord
addition or mutti-point standard curve

» Labels header sheet with 24 experimental porometers

¢ Permits blank subtraction capability with unique blank for
each curve

* Fits tangents for most accurate peak height mecsurements

The 384 has the -
MOST ADVANCED HARDWARE

for polarography * Microfioppy disk

_ * 64 button control panel

+ 40 character alphanumeric display

For more information on the Model 384-1 System, write or call today:

N EGzG PRINCETON APPLIED RESEARCH

oQP O. BOX 2565 ¢ PRINCETON, NJ O8540 ¢ 609/452-211
Circle 176 for Additional Information Only
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Report

Hazardous
Chemical
Safety in the
Laboratory

F. W. Michelotti

J. T. Baker Chemical Co.
222 Red School Lane
Phillipsburg, N.J. 08865

Since the birth of chemistry as a
science over 200 years ago, there has
been a veritable explosion of scientific
knowledge that resulted in part from
the rapid growth of instrumental
methods of analysis. There are over 4
million chemical compounds that have
been prepared and characterized in
the laboratory. The NMR, IR, or UV
spectra of many of these compounds
are likely to be found in the literature.
Unfortunately, there has been less
progress in understanding their chem-
ical hazards. In some aspects of these
hazards, such as chronic toxicity, we
are probably still a century behind.

Hazards in the laboratory may be
divided into four major categories.

Mechanical: sharp objects, broken
glass, unguarded machinery, com-
pressed gases

Thermal: open flames, hot surfaces,
cryogenic liquids

Electrical: faulty wiring, unground-
ed equipment, lethal voltages.

Chemical: flammable liquids, corro-
sive chemicals, toxic substances, ra-
dioactive materials, and biohazards

This categorization is helpful in de-
veloping a checklist for use in carrying
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Figure 1. Fire triangle
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out a periodic safety audit of a labora-
tory facility. Some hazards, of course,
fall into more than one category. Ex-
cess pressure from a cylinder could
rupture a glass vessel (mechanical)
and release a toxic (chemical) gas. The
discussion that follows will focus prin-
cipally on chemical hazards.

FLAMMABLE LIQUIDS

Organic solvents present a very real
hazard for fire or explosion. The com-
bustion of 1 gal of toluene will destroy
an ordinary two-man laboratory in 8
min, Persons present in the fire area
will be killed within 1 min. It thus be-
hooves us to be familiar with the phys-
ical chemistry of combustion and its
application to the development of safe
laboratory practices in the use of flam-
mable liquids.

The Fire Triangle

‘The essential elements for combus-
tion to be considered are shown in Fig-
ure 1 (fire triangle) (1).

Some authors refer to a fire tetrahe-
dron (2) where a fourth leg represents
uninhibited chain reactions. For

present considerations this fourth leg
can be ignored, since it can be viewed
as the mechanism by which the com-
bustion proceeds.

The Fuel. The fuel (usually an or-
ganic compound) can be characterized
by its vapor pressure, boiling point,
liquid and vapor densities, heat of
combustion, heat of vaporization,
tlashpoint, flammability range, and
autoignition temperature.

The latter three parameters are
most significant in assessing a fuel
hazard.

Flashpoint. The flashpoint is de-
fined as the lowest temperature at
which a fuel-air mixture present
above the surface of a liquid will ignite
if an ignition source is introduced.
This parameter is usually determined
under open cup or closed cup condi-
tions as prescribed by ASTM proce-
dures (3). In general, open cup mea-
surements result in flashpoints 5-10
°F higher than closed cup methods,
the former representing combustion of
liquids under fire conditions, and the
latter, those more typical in a plant re-
actor or vessel. The flashpoint is gen-
erally considered the most significant
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Figure 2. Relationship between flashpoint and flammability

ranges for ether and acetone

' Lhe “I hl
nature of llqulds The NIOSH system
(4) (Table I) categorizes the relative
h: The Department of Trans-
portation (5) (DOT) considers a mate-
rial neither flammable nor combusti-
ble if it has a flashpoint above 200 °F.
The flashpoint of f1 is

tainers for laboratory use. Carbon di-
sulfide is almost as hazardous. The
flammability range provides little
margin of safety from the practical
point of view since in a spilled solvent
situation in the presence of an energy
source, the flammability range is

reached very quickly and a fire or ex-

provided by most laboratory supphers
on the label. It is important that the
laboratory personnel familiarize them-
selves with the safety information
supplied on the label.

Flammability Range. It is possible
for a flammable liquid to be above its
flashpoint, and yet not ignite in the
presence of an adequate energy
source. The explanation for this phe-
nomenon lies in the composition of a
fuel-air mixture that may be too lean
or too rich for combustion. This is best
seen from Figure 2 where the relation-
ship between flashpoint and flamma-
bility ranges for ether and acetone, re-
spectively, is shown. Table II lists
flammability ranges and flashpamts
fora ber of
liquids. LEL and UEL refer to lower
and upper explosive limits, respective-
ly. Because of its extreme hazard,
ether is available only in metal con-

Table I. NIOSH System

plosion will ensue before a fuel-rich

gen atmospheres present a significant-
ly increased haznrd Mnny mntenaln
normally ible
will burn in undiluted oxygen. How-
ever, there are a large number. of less
ubiquitous oxidizers that are at least
as hazardous—chlorine, fluorine,
ozone, perchloric acid, etc.

Ignition or Energy Source. This
is the third leg of the fire triangle. An .
energy source can be a hot surface, a
spark arising from faulty wiring or un-
grounded equipment, friction from
shoes, and so forth. Everyone is famil-
iar with the increase in static electric-
ity, particularly on cold dry wintery
days. The minimum ignition energies
of hydrocarbons and their derivatives
are of the order of 0.2 J but may be as
low as 0.02 J for hydrocarbons with
double and triple bonds (6) and only 9
wud for carbon disulfide. By compari-
son, electric discharges from a person
to the ground have minimum energies
of about 0.4 mJ (7).

Removal of at least one side of the
fire triangle is the basis of fire preven-
tion. It is usually impossible to remove
all energy sources; few researchers
work in truly explosion-proof labora-
tories. It is difficult to exclude oxygen
routinely. Laboratory safety in han-
dling flammable liquid hazards is
therefore best achieved through care-
ful control and protection of ﬂamma-
ble liquid: The'“ ing g
are

(nonflammable) range can be reached
Autoignition Temperature. This is
defined as the minimum temperature
required to initiate and sustain com-
bustion without an external energy
source. Classical examples are white
phosphorus and freshly prepared
Raney nickel on filter paper (actually
a test for its reactivity). A common
hazard that can be considered falling
in this category is carbon disulfide.
This toxic, flammable liquid has been
known to ignite spontaneously at
steam bath temperature (autoignition
temperature 212 °F). Interestingly,
ether, which has a lower flashpoint
than carbon disulfide, has a higher au-
toignition temperature (356 °F).

The Oxidizer. The most obvious
and prevalent one is, of course, oxy-
gen, which accounts for approximately
21% of the atmosphere. Enriched oxy-
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Never have in the general work area
more than one container of flammable
solvent (i.e., only the one in use). In
order of preference, have it in: a safety
can with a spring-loaded closure, a
metal can as provided by some sup-
pliers (8), or a 1-pint bottle if it must
be in glass.

Use flammable liquids (as all other
categories of hazardous materials)
only in a properly functioning, period-
ically checked fume hood. Guidelines
for fume hoods are described else-
where (9).

Store frequently used solvents only
in an approved, solvent storage cabi-
net. According to the NFPA, these

binets should be designed so that
the internal temperature does not ex-
ceed 325 °F when subjected to a 10-
min fire test using the standard time-

Table if. Flammability Ranges and
Flashpolnls for a Number.of Common' :
Flammable quulds




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

How is such unusual consistency achieved?

Extremely tight specifications coupled with
superior product definition create consistency.

Examples? HPLC Acetonitrile is controlled for low
UV absorbance at 220nm (0.01 max.), 254nm
(0.01 max.), 280nm (0.01 max.) and at 350nm
(0.01 max.); water 0.02% max.; residue 0.0005% max.
Further characterization is provided by: GC assay
(99.7% min.), consistent refractive index and
fluorescence (at 450nm and emission maximum). Plus
physical data. And as with all ‘Baker Analyzed'®
Reagents the actual lot analysis is always on the
label as an assurance of quality and a time saving
reference. You can always verify our claims for
reproducibility beforehand.

Consistency? Here are ten consecutive lots of
Baker HPLC acetonitrile.

Lothos: $38118 58119 56T D11 N1 61D 061 615 068 87
Rendue, % 000008 00007 Q002 QOOC3  GOUOY  GO0O0S 000 | GOD0OS G002
Water, % 0008 02 00 00 G0R Q% Qs Qo Gom 00
Amorbance &1 220 nm <0003 <Q00% <0005 <0005 <0008 008 0008 0008
AZscrance a1 234 nm <0003 <0005 <008 <0003 <0005 <OCOS <OO0S <008 <Q008 <OOOS
W Cut-of nm) 188 158 1. [N N ) W 1es s e

Note, that residue after evaporation was controlled
to an average value of 0.00012% (versus a specifica-
tion of 0.0005% max.). The water content was
controlled to an average of 0.004% for the ten lots
(versus a specification of 0.02% max.). These
consistent, low levels of residue and water prevent
solvent interference in the separation of the sample.
The extremely low absorbance values at 220nm and
254nm assure that the peaks detected can be
attributed to the sample and not the solvent.

Baker's exceptional lot-to-lot and bottle-to-bottie
consistency assure experienced experts and novice
chromatographers of reproducible separations.

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

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

For more information, write to J. T. Baker
Chemical Co., Phillipsburg, N.J. 08865, or call

£

to-lot,
to-lot,
to-lot,
to-lot,

$g

201/859-5411.
JT.Baker
J.T.Baker Chemical Co. °
Phillipsburg, NJ 08865 |CHEMICALS
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temperature curve specified by NFPA.
The NFPA code also allows the use of
wooden cabinets. Tests made by the
Los Angeles Fire Department (10)
have shown properly constructed
wooden cabinets (at least 1 in. thick)
to be at least as effective, and in many
cases better, than the steel cabinets.

When using a 1-gal solvent bottle,
place it in a protective carrier.

When transferring a flammable lig-
uid from one container to another in
quantities of 1 gal or more, ground
and/or bond the respective vessels.

Fire Fighting

Though the use of preventive mea-
sures cannot be overemphasized, one
nevertheless must be prepared in the
event of fire. Suitably placed fire ex-
tinguishers of appropriate size usually
of the B or ABC type should be readi-
ly available. In special situations
where reactive metals and/or their al-
loys or complexes are handled, D-type
exting ts are required. Periodic
unannounced fire drills should be con-
ducted; personnel should be drilled in
actual fire fighting trials. Responsibil-
ity for fighting fires should be clearly
assigned. Drills in the use of self-con-
tained breathing apparatus are also
important since an individual can as-
phyxiate himself because of unfamili-
arity with the equipment.

soh

Safety Showers

There have been reported cases in
which otherwise knowledgeable chem-
ists with their clothing on fire run
past safety showers in search of help.
It is critical that everyone in a labora-
tory know exactly where each and
every safety shower is located and how
it works. The shower itself should be a
nonclogging deluge-type capable of
delivering very large quantities of
water (30-60 gal/min under a pressure
of 20-50 psig), necessary to cover in-
stantly the entire person with a virtual
flood of water. It is best each shower
not have a shutoff valve, but if such a
valve is d d y, it should
be protected from tampering or unau-
thorized persons. Showers should be
tested at least every 6 months, but
preferably more often since plumbing
fixtures corrode and some shower
heads plug up. In areas where the
water hardness is high, the showers
should be checked every month.

Spill Control

Often, a spilled liquid (flammable
solvent, corrosive, or the like) is the
first of a series of accidents that can
lead to bodily injury and even death.
Today, effective spill control products
that have been evaluated for effective-
ness in a spectrum of spill situations
are readily available (i1). Since sever-
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al types can be purchased for flamma-
ble liquid spill control, one should
choose only those that effectively re-
duce the vapor pressure of the spilled
solvent essentially to zero at ambient
temperatures. It is important to note
that two insidious properties are usu-
ally associated with volatile organic
liquids: a density in the liquid state
less than that of water that usually
renders water ineffective in extin-
guishing a solvent fire; and a vapor
density greater than that of air for all
volatile organic liquids that could re-
sult in an unexpected fire flashback
from a remote energy source in a
spilled solvent situation.

CORROSIVE CHEMICALS

Corrosive chemicals are those sub-
stances that, by direct chemical ac-
tion, are injurious to body tissue or de-
stroy metal. The list of corrosive ma-
terials is vast. They exist in all three
states of matter, and their ability to
cause personal injury depends on the
nature of the corrosive; the tempera-
ture and concentration of the corro-
sive at the time of contact; the site of
contact or exposure—eyes, skin, lungs
(inhalation), stomach (ingestion); and
the duration of the contact or expo-
sure.

For proper protection, the following
guidelines should be observed.

Goggles or face shield should be
worn at all times in all laboratory
areas. Recommended eye and face
protection for use in industry, schools,
and colleges can be obtained from the
American National Standards Insti-
tute (12). Contact lenses either of the
soft or hard variety should not be per-
mitted in research laboratories. Toxic,
corrosive fumes are easily drawn by
capillary action behind the contact
lens and cause injury. Should injury
result, trauma is increased by having
to remove contact lens before flooding
with large quantities of water.

Adequate respiratory protection
(respirator, gas masks, self-contained
breathing apparatus) should be avail-
able and used when required. Drills in
the safe use of this equipment should
be carried out periodically.

Adequate fume hoods that have a
face velocity of at least 100 linear ft/
min should be provided.

Intimate knowledge of the location
and use of eye wash station is manda-
tory. Criteria for effective eye washes
and safety showers have recently ap-
peared (13). Portable eye wash sta-
tions are usually not recommended
since they cannot supply copious
quantities of water for at least 15 min.
Additionally, stagnant water is an ex-
cellent environment for the growth of
microorganisms,

Use of an acid safety carrier to
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FTNMR SYSTEMS

FX-90Q
OMNI Probe™ System
10mm, 5mm, micro inserts
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FX-60Q =¢ - — FX-200
Solids Probe (’3C) with Dual Probe ('3C/'H)
Magic Angle Spinning Broad Band (°N to 3'P)
High Resolution Probe ('3C/'H) 50 KHz Spectral Width
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= Light Pen Control System = Comprehensive Auto Stacking
= Foreground/Background s T-rho

= Digital Quadrature Detection = Double Precision

= Multi Frequency Observation (32 bit word length)

= Programmable Multi Pulser = Floppy; MH Disc Storage
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transport acid bottles from one loca-
tion to another should be mandatory.
Concentrated sulfuric acid spills are
particularly dangerous because of sul-
furic acid’s very slippery nature. Med-
ical attention if required should be
readily available. The medical staff
should be made aware of the types of
materials used in laboratories and rec-
ommended treatment measures. For
all types of hazardous chemical in-
juries, knowing what was the offend-
ing agent can save valuable seconds in
bringing rapid relief and attenuation
of damage to the injured.

INSIDIOUS HAZARDS

Insidious hazards are conditions
within the laboratory that represent
potential safety and health perils that
are easily overlooked because they are
not readily seen, smelled, tasted, or
otherwise noted and therefore ig-
nored. Several typical samples will be
cited.

Mercury

One of the most common insidious
hazards is mercury. Mercury poison-
ing affected Pascal and Faraday (14).
In the laboratory, mercury is common-
ly found in thermometers, barometers,
and in certain analytical instruments.
Although there is general recognition
of the physical properties of mercury
(high density, surface tension, etc.),
there does not seem to be a corre-
sponding appreciation of its toxicity
and need to retrieve quickly all mercu-
ry spills in the laboratory. At a room
temperature of 25 °C, the equilibrium
concentration of mercury vapor is
about 20 mg/m? or 200 times the
threshold limit value (TLV) of 0.1
mg/m? recommended as the maximum
atmospheric concentration for the
normal work schedule by the Ameri-
can Conference of Governmental Hy-
gienists (15).

Control of Mercury Hazards.
Mercury should be stored in unbreak-
able plastic bottles in a cool, well-ven-
tilated area. Catch trays should be
used beneath setups using significant
amounts of mercury (greater than 1 g);
such setups should preferably be
made in a fume hood. Care should be
exercised in handling mercury and
mercury-containing instruments. Peri-
odic monitoring of mercury vapor con-
centrations should be carried out in
areas where mercury has been spilled
or suspected of having been spilled.
Instrumentation for such monitoring
has been described by Biram (16) and
others (17). Where mercury is routine-
ly used, periodic medical checkups are
recommended for those potentially ex-
posed. Spill cleanup capability should
be readily available (18). The tradi-
tional methods of mercury cleanup by



Digital made the computer
easy-to-use and easy-to-interface.
And you can buy it on a desk-top
calculator budget.

Plug MINCin, turn it on, and you can
plot charts, solve complex engineering and
statistical problems, control instruments and
acquire data. You have complete, ready-to-
run BASIC software — true computer func-
tionality. It's as easy as that. MINC’s built
around Digital’s proven PDP-11 microcomput-
er. MINC has its own graphics terminal, one
million character dual floppies and three
serial line interfaces.

DECLAB-11/MNC MINC
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And MINC makes interfacing easy.
Hooking up a lab instrument is as simple as
plugging in a single connector to the IEEE
Bus interface or one of the seven optional
input/output modules. When you finish
your experiment, you unplug the connector
and wheel the MINC cart to the next job.

And, if you need more on-line data
storage, there’s the new DECLAB-11/MNC that
combines the functionality and ease-of-use
of MINC with 10 million character, random
access disk drives, powerful FORTRAN
software and Digital’s versatile RT-11 operat-
ing system.

If you'd like the whole story on these
easy-to-use systems, write Laboratory Data
Products Group, Digital Equipment Corpo-
ration, Marlborough, Massachusetts 01752.
Telephone (617) 481-9511, Ext. 6969. Euro-
pean headquarters: 12, av. des Morgines,
1213 Petit-Lancy/Geneva. In Canada: Digital
Equipment of Canada, Ltd.
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use of polysulfides, flowers of sulfur,
etc., have been shown to be ineffective
(19).

Peroxides in Ether

Several ethers (diethyl ether, diox-
ane, tetrahydrofuran, and others) are
used routinely in various analytical
(GC, HPLC, etc.) and synthetic proce-
dures. It is well established that these
ethers, when uninhibited or when the
inhibitor has been consumed, will
form dangerous peroxides in the pres-
ence of oxygen by a free-radical chain
mechanism (20). Diisopropyl ether in
reaction with oxygen shows the char-
acteristic autoacceleration and suscep-
tibility to added radical sources or in-
hibitors of a radical chain autoxida-
tion (21). This ether is particularly
hazardous. These peroxides have
caused many laboratory accidents and
a number of hazardous disposal opera-
tions. Such incidences have been re-
ported in the literature (22). Analyti-
cal tests have been described for the
detection of peroxides in ethers and
methods for their removal (23).

Though calcium hydride has been
reported as useful in removing perox-
ides, great care should be exercised
with tetrahydrofuran. A violent explo-
sion was reported when THF (24) was
heated under reflux with stirring in
the presence of CaH,, a procedure
previously carried out frequently
without incident. It was suggested by
the authors that the explosicn might
be attributable to cleavage of the THF
molecule by CaHs in localized hot
zones.

Perchloric Acid

Many analytical digestion proce-
dures, nonaqueous titrations, etc., call
for the use of perchloric acid. A review
of the circumstances leading to a Los
Angeles explosion that killed 15 peo-
ple and injured 400 has been pub-
lished (25). Harris concluded that the
basic cause of accidents involving per-
chloric acid is due to contact with or-
ganic material, or to the formation of
the anhydrous acid. This extreme re-
activity is chemically related to a for-
mal +7 oxidation state borne by chlo-
rine rendering perchloric acid one of
the strongest acids known (26) and an
extremely powerful oxidizing agent.
The anhydrous acid (greater than
85%) is extremely dangerous, and only
experienced workers should handle it.

Handling Perchloric Acid in the
Laboratory. The use of goggles is ab-
solutely mandatory. All work should
be carried out in a properly func-
tioning fume hood. Aprons, gloves,
and other protective clothing are
strongly recommended. No organic
material should be stored in a perchlo-
ric acid hood. Perchloric acid should
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never come into contact with strong
dehydrating agents. In wet combus-
tion and digestion procedures, the
sample should be treated with nitric
acid first to destroy easily oxidizable
matter.

Fume Hood or Exhaust Systems.
The exhaust hood should have smooth
surfaces for ease of cleaning. Nonab-
sorbent materials such as stainless
steel should be utilized throughout the
system. Omit the use of organic seal-
ants or adhesives. Periodic washing of
the entire structure is strongly recom-
mended. Guidelines in the use of per-
chloric acid as well as cleaning proce-
dures for perchloric acid-contaminat-
ed fume hoods are available from the
National Safety Council.

Spill Control. Products now avail-
able will readily and efficaciously neu-
tralize most acid spills including those
of perchloric acid (27).

Azide Salts

Sodium azide has been used for
many years as a bacterioside/slimicide
in constant temperature water baths
and in solutions used in hospital diag-
nostic laboratories. Over the years a
number of explosions (usually in the
plumbing systems) were traced to the
use of soluble azide salts. The cause of
these accidents was traced to an initial
exchange reaction in metal plumbing
forming heavy metal azides that are
explosive when these diagnostic solu-
tions are routinely disposed of by
pouring down the drain. It is hoped
that no one today makes use of soluble
azide salts to inhibit microorganism
growth. Alternate inhibitors such as
2-phenoxyethanol are preferred.

Reaction Preceded by
Induction Period

These reactions usually proceed by
a free radical mechanism (28). Typical
examples are free radical-induced
polymerizations, Grignard reactions,
and decomposition of halocarbons,
such as chloroform and carbon tetra-
chloride. The hazard common to these
categories of reactions is the variable
and unpredictable period of time (in-
duction period) during which reac-
tants are added to each other with no
semblance of reactivity. Suddenly and
sometimes violently, the reaction
(exothermic) initiates spewing flam-
mable, toxic liquids on heating ma-
ntles, electrical connections, hot sur-
faces, etc. The caution that must be
exercised here is to forego adding
more than 10-15% of a reactant prior
to reaction initiation. The phenome-
non is exacerbated as the volume of
reactants increases:

V =4/3nr3 -
dv

— =8 =4gxr2
PR S = 4nr
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where V, S, and r are the volume, sur-
face, and radius, respectively, of a
sphere. Thus, volume outstrips the
surface available for cooling as one
scales up.

Ozone

Organic chemists use ozone to rup-
ture double bonds in structure deter-
minations of organic molecules. It is
an extremely powerful oxidizer and
toxic (TLV, 0.1 ppm). Analytical
chemists may at times be exposing
themselves to dangerous levels of
ozone in prolonged use of some UV
and fluorescence spectrophotometers,
particularly in poorly ventilated air.
Whenever arcing or silent electric dis-
charge conditions prevail, the genera-
tion of ozone must be suspected, and
good ventilation conditions estab-
lished.

COMPRESSED GASES

Liquids and solids as distinctive
states of matter are nearly incom-
pressible. By contrast, gases at ambi-
ent conditions rather easily compress.
The reason for this marked difference
is the very large free volume or inter-
molecular distances between mole-
cules. If the air in a room 20 X 20 X 10
ft were liquefied, the volume of the
liquid would only be 0.1% of the origi-
nal volume, and the molecules would
still not be touching. This very large
“free” space of gases also accounts for
their much lower densities as com-
pared to liquids and solids. Various
laws (Boyle's, Charles’) have been
combined into what is called the ideal
gas law, PV = nRT, which real gases
obey at low pressures. However, at
higher pressures, various divergences
from ideality result (Figure 3).

Compressed gases represent a form
of energy that can be devastating if
not properly used and the phenome-
non of pressure well understood. Com-
pressed gases represent a unique haz-
ard in that one is exposed simulta-
neously to major mechanical and
chemical hazards dependent on the
gas employed.

A compressed gas is defined by the
Department of Transportation (DOT)
as any material or mixture having in
the container an absolute pressure ex-
ceeding 40 psi at 70 °F or, regardless
of the pressure at 70 °F, having an ab-
solute pressure exceeding 104 psi at
130 °F; or any liquid flammable mate-
rial having a vapor pressure exceeding
40 psi absolute at 104 °F as deter-
mined by ASTM Test D-323 (29).

Compressed gases are divided into
two categories: pressurized—those
gases that do not liquefy easily be-
cause of very low boiling points [weak
Van der Waals-type intermolecular at-
traction (30)] such as hydrogen and
helium; and liquefied—gases that
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Figure 3. PV vs. P plot for several gases at 0 °C
Reprinted with permission from ret. 31. Copyright 1951 Macmillan Co

exist in a cylinder in liquid and gas-
eous states, such as propane, butane.
The latter gases exhibit a constant gas
pressure while the cylinder is dis-
charging until all the liquid is volatil-
ized. These gases (as all other gases at
ambient temperatures except hydro-
gen and helium) have a positive Joule-
Thompson coefficient, and the cylin-
der will cool on prolonged discharge.
An exception to the two categories is
acetylene, which is a gas dissolved in a
liquid (acetone).

It is important to remember that
pressure is force per unit area (usually
expressed as pounds per square inch
or kilograms per square centimeter).
Thus, even relatively low pressures of
4-10 psig can be very dangerous in
terms of total force exerted on a door
or wall. It is also important to remem-
ber that the gauge reading represents
pressure over atmospheric, i.e., psig =
psia — 14.7, where psia represents ab-
solute pressure.

Hazardous Properties of
Compressed Gases

Compressed gases are characterized
by very low boiling points and if gas is
flammable, flashpoints below room
temperature present an ever-
present danger of fire or explosion.

Large amounts of potential energy
as a result of compression.

Very high rates of diffusion. Hydro-
gen at 0 °C has a diffusion rate of
184 000 cm/s or almost 2000 m/s (31).
This effectively means almost instan-
taneous permeation throughout a lab-
oratory if hydrogen is liberated. High-
er molecular weight and fl bl
gases diffuse only slightly more slowly
[Graham’s inverse square-root law

(32)]. Leakage from cylinders can
therefore cause an explosion or fire if
the gas is flammable; injury or death if
it is toxic; asphyxiate if it is “*harm-
less™ (e.g., nitrogen) (the ambient oxy-
gen content of the air we breathe need
drop to only 15% to asphyxiate); and
exposure to radioactive danger if the
gas is radioactive (e.g., tritium).

Gas Cylinders

Everyone using compressed cylin-
ders should be familiar with the infor-
mation provided on the cylinder itself.

DOT codes—specify materials of
construction, capacities, test proce-
dures, and the service pressure for
which the cylinder is designed. A cyl-
inder labeled DOT3A-2000 indicates
that the cylinder has been manufac-
tured in accordance with DOT specifi-
cation 3A and a cylinder operating
pressure of 2000 psi at 70 °F.

Serial numbers—a number as-
signed to a cylinder as a means of
identification.

Date of hydrostatic testing—usual-
ly carried out every 5 or 10 years. If
metal stretches too much, cylinders
will be replaced. Unless weakened by
corrosion, cylinders last for many
years.

A tag or proper label indicating the
name of the contained gas.

A DOT diamond label, red for flam-
mable gases, green for nonflammable.
It is important to note that ammonia
has a green label; yet, it is a flammable
gas (flammable limits 16-25%) (33).

Safety Relief Devices

Provision is made for these devices
on all DOT compressed gas cylinders
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except those containing toxic gases
where the potential exposure to the
toxicant is considered to be a greater
risk than cylinder failure. These de-
vices are affixed to the cylinder valve,
in the cylinder itself, or at both loca-
tions. Various devices are employed.

Safety Relief Valves. These valves
are spring-loaded and are used mostly
for low-pressure liquefied flammable
gases. They will release gas until pres-
sure is back to a safe range.

Frangible Discs. These are used
mostly for high-pressure cylinders and
will burst at a predetermined pressure
considerably above the service pres-
sure and release the entire contents of
the cylinder. They are found on most
cylinders alone or in combination with
other safety relief devices.

Fusible Plug. This device is acti-
vated by temperature only. The fran-
gible disk sometimes backed by a fusi-
ble plug will function only if the tem-
perature is high enough to melt the
metal, after which excessive pressure
will burst the disk. Acetylene tanks
are equipped with fusible plugs de-
signed to function around 212 °F re-
leasing all of the gas to prevent an ex-
plosive polymerization or decomposi-
tion. Never tamper with any of these
pressure relief devices.

Guidelines for Handling
Compressed Gases

Always use a hand truck for trans-
port even for short distances; chain
cylinder to hand truck. Do not trans-
port compressed gases in closed vehi-
cles. Chain each cylinder in place at all
times. Do not drop cylinders or expose
them to any type of mechanical abuse.
Leave valve cap on cylinder until
ready for use. Use only in upright po-
sition. Shut off all valves when not in
use. Use only recommended regulator
for the particular gas; never use im-
provised adaptors. Always consider
the cylinder to be full and handle ac-
cordingly. Discontinue using a high-
pressure cylinder when the pressure
approaches 30 psig, and clearly mark
the cylinder as empty; this practice
will prevent potential suck-back of re-
active gases and moisture. Never pres-
surize glass equipment. Never lubri-
cate or allow organic lubricants or oils
to come into contact with oxygen cyl-
inders. Never use copper or copper-
containing alloys (brass) regulators.
Never allow tubing to come in contact
with acetylene. Place cylinders of
flammable gases (hydrogen, acetylene,
ethylene, etc.) outside in a protected
area and pipe into the working area.

Storage of Compressed Gases

Store cylinders in a fireproof, well-
ventilated area; storage temperature
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should not exceed 100 °F. Store only
on level floors and protect from damp-
ness, direct sunlight, and extreme
weather conditions. Chain each cylin-
der in an upright position. Store oxi-
dizing gases, oxygen, chlorine, etc., at
least 25 ft from fuel gases or prefera-
biy in another storage area. Do not
store oxygen cylinders on asphalt or
near other combustible materials; en-
riched oxygen is extremely dangerous.

CRYOGENIC LIQUIDS

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

There are currently more than 25
gases that are used cryogenically.
Seven gases, however, account for the
greatest volume of use and applica-
tions in research and industry. These
are helium (bp, —269.9 °C), nitrogen
(bp, —195.8 °C), fluorine (bp, —187
°C), argon (bp, —185.7 °C), oxygen
(bp, —183 °C), and methane (bp,
—161.4 °C).

Hazards of Cryogenic Liquids

‘The primary hazards of cryogenic
liquids are fire or explosions, pressure
buildup, embrittlement of structural
materials, contact with, and destruc-
tion of, living tissue, and asphyxiation.

The fire or explosion hazard is ob-
vious when gases such as hydrogen,
methane, and acetylene are consid-
ered. The hazard may be greatly in-
creased when gases thought to be non-
flammable are used. Enriched oxygen
will greatly increase the flammability
of ordinary combustibles and may
even cause some noncombustible ma-
terials like carbon steel to burn readily
under the right conditions (34).

Wood or asphalt saturated with
oxygen has been known to explode lit-
erally when subjected to shock. Since
oxygen has a higher boiling point
(—183 °C) than nitrogen (—195.8 °C),
helium (—=269.9 °C), or hydrogen
(—252.7 °C), it is possible to condense
oxygen out of the atmosphere and en-
trap it when using these lower boiling
cryogenic liquids. Particularly with
liquid hydrogen, conditions may exist
for an explosion.

The danger of pressure buildup is
ever-present. Since most cryogenic
gases are above their critical tempera-
ture, volatilizing gases must always be
vented, and expansion ratios in excess
of 1000/1 are possible. Any attempt to
contain these gases will result in an
explosion, the violence of which will
be proportional to the pressure exert-
ed to contain the gas. Even in the case
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of the most “harmless” gases such as
nitrogen, helium, etc., one must be
ever mindful of the potential hazard of
asphyxiation.

Materials that normally are ducti-
ble at ambient temperatures may be-
come extremely brittle when exposed
to cryogenic temperatures. Some met-
als suitable for cryogenic tempera-
tures are the 300 series of stainless
steel and other austenitic series, cop-
per, brass, and aluminum. A number
of plastic materials such as Dacron,
Teflon, Kel-F, mylar, and nylon also
perform satisfactorily at low tempera-
tures.

Even a very brief skin contact with
cryogenic liquids is capable of causing
tissue damage similar to that of ther-
mal burns, and prolonged contact may
result in blood clots with potentially
very serious consequences.

The following guidelines should
therefore be adopted in handling cryo-
genic fluids. Always wear eye protec-
tion, preferably a face shield. Wear
gloves that are impervious to the fluid
being handled, and loose enough that
they can be tossed off. A potholder
may be a desirable alternative. The
area should be well ventilated. Do not
allow the necks of the containers to
become plugged with ice or other con-
densate. Use appropriate metal cryo-
genic containers. Avoid glass Dewars.
If the latter must be used, tape them
to prevent flying glass in case of im-
plosion/explosion. Use a hand truck in
transporting cryogenic liquids. Select
working materials suitable for the
temperatures involved. Cryogenic
storage conditions should follow simi-
lar guidelines.

It is almost impossible to cover all
aspects of hazardous chemical safety.
Several topics such as waste disposal
hazards have not been discussed be-
cause of space limitations. The impor-
tant subject of acute and chronic tox-
icity has only indirectly been treated.
‘The reader is strongly urged to consult
the extensive literature and/or the
corporate safety officer regarding any
aspect of laboratory safety he/she may
be concerned about. Safe laboratory
conditions can be achieved only if they
truly become everyone's objective.
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ton lots are available. Be sure of setting quality,
selection and fast delivery. Buy TCI!

Write today for your free copy of the 750-page TCl
Organic Chemicals Price List.

ST
TOKYO KASEI KOGYO CO., LTD.
(Tokyo Chemical Industry Co., Ltd.)

9-4, Nihonbashi-Honcho 3-chome, Chuo-ku, Tokyo, 103 Japan
Telex: 222-4719 ASACMN J Cable: ASACHEMCO TOKYO Tel: 241-0861
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F. W. Michelotti is director of re-
search for Laboratory Products at the
J. T. Baker Chemical Co. He received
degrees from Fordham University,
AB, cum laude, and an MS degree in
organic chemistry, before obtaining a
PhD degree from Polytechnic Insti-
tute of New York (1957) in organic
polymer chemistry. He is author of
over 30 scientific papers and patents
in organic, polymer, analytical, and di-
agnostic chemistry, and coauthor of
the J. T. Baker Safety School Manuals
on Hazardous Chemical Safety, and is
director of research for the J. T. Baker
Spill Control Products R&D effort.
Most recently, he has written and pre-
sented several papers and lectured ex-
tensively on chemical hazards in the
laboratory. He is a member of the
American Chemical Society, the Divi-
sion of Organic Chemistry, the Divi-
sion of Health and Safety, Executive
Committee of the Research Section of
the National Safety Council, and the
Association of Research Directors.
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Nalgene®
FEP Sep Funnels are as
chemical resistant as glass.

Like glass, Nalgene® Sep
Funnels of Teflon* FEP resist any
chemical used in an extraction.
But unlike glass, they won't break
or crack, even when dropped, so
you can reduce replacement
costs. And both the screw cap on /
top and the stopcock at the
bottom make these
Nalgene Sep Funnels
leakproof when they're shaken.

Teflon* FEP construction lets
you see clearly the interface of
even colorless liquids all the way
down to the stopcock housing.

Nalgene Sep Funnels are non-
wetting, so they drain completely.
They're non-stick, so they're easy
to clean. The stopcock housing
can be removed for easier
cleaning, t00.

Get extraordinary chemical re-
sistance and convenience with
these economical alternatives to
fragile glass sep funnels.

Put Nalgene Labware to the
test, and see why so many lab-
oratories are breaking the glass
habit. Send for our free Nalgene
Labware catalog, featuring over
250 products for professional
use. Write: Nalge Company,
Division of Sybron Corporation,
Nalgene Labware Department,
Box 365, Rochester, New York
14602.

And unbreakable
Nalgene Labware
lasts longer.
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Regulations

W. T. Donaldson and A. W. Garrison

U.S. Environmental Protection Agency
L

y
Athens, Ga. 30605

Reporting Impurities in Commercial Products

A Master Analytical Scheme to identify and measure

trace organics in commercial products could solve

the regulatory reporting dilemma faced by industry

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

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

For example, a compromise might
be reached between EPA and industry
if a standard analytical protocol could
be developed that would identify and
measure all impurities at a concentra-
tion above a level low enough to be
considered insignificant for the vast
majority of chemicals. Separate, more
sensitive procedures could be applied
for the determination of the very few
chemicals known to be of concern at
lower concentrations (e.g., 2,3,7,8-
tetrachlorodibenzo-p-dioxin). Appli-
cation of such a protocol might appeal
to both EPA and industry. The regu-
latory agency could be assured that
areliable and comprehensive analysis
of the product had been made by a
broadly tested protocol. The industry
could be assured that it had fulfilled
its regulatory obligations. The cost of
applying such a protocol should be

ppb. Quantitation is precise only to
an order of magnitude. Approximately
12 different commercial and govern-
ment laboratories have applied the
protocol to 5000 samples at an average
cost of about $700 per sample (less
than $7.00 per compound). The proto-
col is far from perfect, as pointed out
in a previous article in this series (3),
but its use is encouraging for several
reasons: Even though the protocol is
somewhat complex and requires so-
phisticated equipment, it has been
broadly applied at reasonable cost;
analysis of standard mixtures has
demonstrated acceptably comparable
results from different laboratories;
and although only 114 compounds are
identified and quantitated, GC reten-
tion times and detector responses and
mass spectra are collected routinely
on every sample for many additional
- 9

reasonable, particularly if ¢ cial
laboratories geared up to provide the
analysis on a mass-production basis.
Although a standard qualitative-
quantitative scheme may not provide
the best possible analysis for every im-
purity in every product, the uniform
application of the protocol would like-
ly provide, by far, the largest amount
of valuable information at the lowest
cost.

Development of a comprehensive
analytical protocol for analysis for
trace impurities is not a pipe dream.

It can be done today by combining ap-
propriate state-of-the-art techniques,
and cost-effective and successful ap-
plication can be predicted with con-
siderable confidence. Experience with
the EPA analytical screening protocol
for consent decree priority pollutants
provides encouragement. This proto-
col was hastily developed within a
three-month period to identify and
measure, by gas chromatography-
mass spectrometry, 114 volatile organ-
ic compounds in industrial waste-
waters at a detection level of about 10
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A logical next step is to put together
a comprehensive method that pro-
vides for extraction of all compounds
and identification and measurement
of every compound for which a detec-
tor response and mass spectrum are
obtained. Currently, EPA is devel-
oping just such a scheme through a
contract to the Research Triangle In-
stitute and Gulf South Research Insti-
tute (4). This scheme will be based on
the use of a computerized GC-MS sys-
tem. Sampling procedures, extrac-
tants, internal reference compounds,
GC columns, and MS operating condi-
tions will be specified so that all vola-
tile organics (those that are amenable
to gas chromatography) will be identi-
fied and measured from data collected
on a single GC-MS run for each ex-
tract. Compounds are identified from
automatic computer spectra matching.
GC retention times and relative peak
heights are computed by use of inter-
nal reference compounds; recovery
factors and detector response factors
for identified compounds are retrieved

This article not subject to U.S. Copyright
Published 1979 American Chemical Society
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Plasma Spectrometry: Plasma Spectrometry:

the 1979 the 1979

Seminar Series Seminar Series

Please reserve a place for me at the Please reserve a place for me at the

session to be held session to be held

Date City Date City

and rush me the details as to location, hours, and rush me the details as to location, hours,
speakers, etc. speakers, etc.

Name Name

Title Title

Organization Organization

Address Address

City State Zip City State Zip
Important: please fill out this line so that we Important: please fill out this line so that we
can reach you with any final details. can reach you with any final details.
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Get a plasma

lipdate

from the experts.

New Jarrell-Ash seminar series starts May 7.

WEST

May 7 Minneapolis
May 8 Vancouver

May 10  San Francisco
May 11 Los Angeles
CENTRAL

May 14  Kansas City
May 15 Indianapolis
May 17 Houston

May 18  New Orleans
EAST

May21 Pittsburgh

May 22  Raleigh/Durham
May 24  Greater New York
May 25 Toronto

Treat yourself to the latest information
on plasma spectrometry. In a seminar
right in your own area. From the plasma
experts at Jarrell-Ash.

Last year, in 12 cities coast to coast,
they discussed the history, theory and
basic performance features of ICAP—
inductively coupled argon plasma.

How it brings you AA’s sensitivity plus
remarkable multi-element capability to
expedite today's heavy analytical
workloads.

Now there's an all-new Jarrell-Ash
lasma series in the U.S. and Canada
fsee schedule, left]. It talks hardware
and software, answers your most-asked

questions.

O What system to buy. Seminar details 5

O You and the computer. Because ICAP
produces enormous amounts of data for over
48 elements in 60 minutes, you'll need help in
data management. Seminar guides you
through storage and retrieval, statistics,
graphics capabilities — the works.

O Hardware specifics. You'll learn about the
versatile “N+1" channel: how it can add
dial-an-ek capability. A ic back-
ground correction: what it is, when to use it.
And much more.

0 Plus — the new Jarrell-Ash plasma movie.
For anyone who missed last year's session —
and an excellent review of theory, applica-
tions and techniques for everyone.

Plan now to attend. There's no
charge — but enroliment is limited.

different plasma choices. From surprisingly
low cost workhorses to advanced research
units. Plus the most effective software

for each.

Leaders in
Plasma Spectrometry

Jarrell-Ash Division
Fisher Scientific Company
590 Lincoln Street

Waltham, Massachusetts 02154
Phone (617) 890-4300

Use special Jarrell-Ash postcard
bound into this journal to get details
on the session in your area,

today.
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from a computer library of data previ-
ously established for each chemical
class. Taken together, this informa-
tion allows computerized quantitation
without reanalyzing the sample and
avoids the necessity to maintain thou-
sands of reference compounds. Gener-
ally, concentrations should be accu-
rate to within a factor of two.

The Master Analytical Scheme de-
scribed above is designed for use with
aqueous samples. Estimated detection
limits wiil be 10 ppb for effluents, 1
ppb for ambient waters, and 0.1 ppb
for finished drinking water. Cost of
application is estimated at $3 000 per
sample. This cost is quite a bargain
when compared to a cost of $10 000
for providing quantitative information
for just the 114 consent decree pollu-
tants using the EPA protocol with suf-
ficient spike and blank runs to com-
pute recoveries and detector re-
sponses.

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

Assuming that these obstacles will

be overcome shortly, the analytical
chemists can offer regulatory agencies
and industry the solution to the di-
lemma of chemical analysis for trace
impurities in commercial products.
Application of the entire protocol
could be made for $20 000, satisfying
the requirement to identify and report
impurities. No additional methods de-
velopment would be necessary; proce-
dures for extracting only the com-
pounds for which monitoring would
be required would be already devel-
oped as a part of the protocol. The
mass spectrometer could be replaced
with less expensive detectors for mon-
itoring previously identified com-
pounds. (It is important to assert here
that nonchemists should overcome
their paranoia about GC-mass spec-
trometers. They are no longer “rare
and exotic instruments.” They are
used by more pollution control labora-
tories today than the number of pollu-
tion control laboratories using gas
chromatographs 15 years ago. They
are, for many purposes, more econom-
ical to use than gas chromatographs
with other detectors.)

We hereby challenge the analytical
chemist to complete the development
of the proposed system that will solve
the problem of identifying and mea-
suring trace organic impurities in
commercial products. Its development

and adoption can reduce the analyti-
cal measurements cost of developing
new products while providing the best
attainable information.

The successtul application of the
qualitative-quantitative approach re-
quires that analytical chemists try the
protocol that is to be standardized and
collaborate in its improvement. If you
want to join in this accomplishment,
contact Dr. Wayne Garrison, who is
in charge of EPA’s program to develop
the Master Analytical Scheme. His
address is

U.S. Environmental Protection
Agency

Environmental Research Laboratory

College Station Road

Athens, Ga. 30605
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The award
winning.
electronic
balance

You can countonit...

and automatically perform a wide
range of complex weighing and data
conversions too.

That's why Wescon gave the Scientech 3300 Series .
top-loading electronic balance its Award of Merit for the best commercial
application of a microprocessor for process and quality control.
It's the new generation of balances from Scientech, a pioneer in the development
of intelligent weighing systems for laboratory and industry. The 3300 Series
offers analytical laboratory precision, easy to use data input keyboard, bright
digital readout, ruggedized construction and electronic digital tare...all at a

“Made in USA" price.

Find out more about the capabilities of Scientech’s new generation of electronic
balances. Call or write fordescriptive literature onthe award winners from Scientech.

SCIENTECH., INC.

5649 Arapahoe Avenue « Boulder, Colorado 80303 «

(303) 444-1361
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PLAN AHEAD
WITH PERKIN-ELMER

The 98 Series

NEW 98 INFRAREDS ssries, Gving scan range GO

series, giving scan range options
down to 200cm~"'. All employ the
same high energy optical system to
ensure good performance even with
difficult samples and with a wide
range of accessories.
Microprocessor control provides
simple yet flexible operation, with
pushbutton selection of all
parameters to guarantee that
conditions are set reproducibly even
by inexperienced operators. The
advanced electronic Flowchart
recorder maintains chart calibration
even when different scaie
expansions are used, and the digital
wavenumber display keeps the
operator in the picture

Quantitative Accuracy

The increasing demand for
quantitative measurements is met by
the x98 series. Outstanding
accuracy follows from the excellent
ordinate reproducibility. For high
sample throughput there's a
multisampling accessory and
selectable wavelength limits.

New Data System

A standard interface allows the x98
series to be used with aimost all
computers, but it's unlikely that any
can match the Perkin-Eimer IR Data
Station. This sophisticated micro-
computer system is as easy o use
as the instruments themselves.
Current facilities include signal
averaging, digital smoothing, and
spectral subtraction. For the future,
the possibilities are endless.

“The x98 series are instruments that let you plan ahead.
They are ideal workhorse spectrometers, but with

high performance that justifies coupling them to the For further information Contact
revolutionary Perkin-Elmer Infrared Data Station. Parkin-Eimer Corporation. Main Avenue,
At any time you can upgrade ~irorn a basic instrument perti-Eimer Limited. Marwelioad,
to a powerful system still costing no more than other Sodenssewsrk Parin-Eimar & Co.Gmbi
spectrometers which offer far less’” Germany O .

PERKIN-ELLMER

Expanding the worid of analytical chemistry.
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OUR NEW LC

METHODS PROCESSOR-

FOR AUTOMATED,

UNATTENDED ANALYSES

FROM INJECTION
TO PRINTOUT.

The Perkin-Eimer Methods Proc-
essor for liquid chromatography
gets the chemist out of instrument
operation and back into chemistry.
Out of routine, repetitive monotony
and into useful work.

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

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

FIVE MODULAR UNITS

To do so much, so precisely and

efficiently, the Methods Processor

is assembled from five separate

Perkin-Elmer modular units —

each a significant advance in its

own field:

a) the Series 3B pump module,
which performs difficult qualita-
tive and quantitative analyses
with the convenience of micro-
processor control,

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

c) the Model LC-100 column air-
bath oven, offering precise
temperature control from 10°C
above ambient to 99°C,

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

e) the SIGMA 10 Chromatography
Data Station that processes data
and delivers a printout.

With this combination, you get
complete keyboard control of the
analysis. You can install the pump
method. Set in the data processor
method. Designate a vial number
in the Autosampler. Indicate sam-
ple name and date, time, and run
number. Change solvents and
wavelengths.

EFFICIENT PERFORMANCE
Your software control is crashproof
and foolproof. You get error mes-
sages. You're reprompted for-non-
valid entries. You can modify the
method without complete re-setup.
The systemwon't “lock up.”

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

PERKIN-ELMER

Expanding the worid of analytical chemistry.

timing of conditions, as well as
overall initial results. are better
than with manual operations.

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

INFINITE OPTIONS
All these capabilities in a single
system bring you infinite options
for finding exactly the kind of anal-
ysis you want. No other liquid
chromatography systemis so
variable, versatile, or technologi-
cally advanced as this newest
Perkin-Elmer development. It
brings this analyticai technique to
its fullest potential.
MORE REMARKABLE
FEATURES
There's a long list of other advan-
tages you'll find in the Perkin-Elmer
LC Methods Processor. All func-
tions are performed without any
system modification whatever, the
result of Perkin-Elmer design and
testing throughout.

Get the full story on this revolu-
tionary development in LC analysis.
Talk to your Perkin-Elmer repre-
sentative. Or write Perkin-Elmer
Corp., MS 12, Main Avenue,
Norwalk, CT 06856.
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News

32nd Annual Summer Symposium

Lasers and Analytical Chemistry

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

About Purdue University

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

Travel

For participants traveling by air,
the Purdue Airport is currently served
by 11 flights a day from Chicago, 8
from Indianapolis, and 3 from Detroit.
The Memorial Union is a short cab
ride away from the airport. Also, from
6:00 a.m. until 6:15 p.m. the airport is
served by buses every half-hour.
Housing and Symposi
Arrangements

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

27

e

Chemistry East at Purdue University

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

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

Registration

‘The symposium will be held in the
Stewart Center adjacent to the Union.
The registration fee of $40 includes
admission to all sessions, symposium
materials, refreshment breaks, univer-
sity services, and a Thursday night
cookout. All participants should send
the registration form together with a
check for $40 made payable to Purdue
University, before May 31, 1979. Ad-
vance registration is imperative to en-
sure that space will be available. After
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arrival, badges and conference materi-
als should be picked up in the lobby
of Stewart Center on Tuesday evening
between 7:00 and 9:00 p.m. or on
Wednesday morning between 7:30 and
9:00 a.m.

Student registration for the techni-
cal session costs $5.00. Extra tickets
are available for the cookout at $10
each.

Family Activities

Although no organized tours are
planned, a variety of activities are
available for family members during
the symposium. The Tippecanoe Bat-
tlefield, Fort Ouiatenon, the Moses
Fowler House, and Columbian Park
with amusement rides and zoo are all
in or close to town. Points of interest
in the Indianapolis area include the
Conner Prairie Pioneer Settlement,
the Indianapolis Motor Speedway, the
Indianapolis Museum of Art, and a su-



——

on Analytical Chemistry

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

perb Children’s Museum. In addition,
there are several beautiful state parks

within an hour's drive from Lafayette.

Symposium Format

The symposium is divided into five
sessions. In the first session, Wednes-
day morning, the chairmen of each of

the subsequent four sessions, Wednes-

day afternoon through Friday morn-
ing, will provide an overview of lasers

in analytical chemistry and of the con-

tent of their respective sessions. This
overview will assess the impact of la-
sers on specific areas in analytical
chemistry. The other sessions will
present a tutorially oriented discus-
sion on the nature of lasers and radia-
tion, and the operation, construction,
and use of lasers.

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

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

Wednesday Morning, June 27

Impact of Lasers on Analytical
Chemistry—An Overview

G. M. Hieftje, J. C. Travis, Presiding
8:30 Opening Remarks. F. E. Lytle,
Purdue U

8:45 Fundamentals of Lasers. F. E.
Lytle, Purdue U

9:30 Analysis by Laser-Induced
Fluorescence. J. C. Wright, U of Wis-
consin

10:30 Analysis by Absorption of
Laser Radiation. R. A. Keller, Los
Alamos Scientific Lab

11:15 Methods the Laser Made

Possible. T. Hirschfeld, Block Engi-
neering

Wednesday Afternoon

Fundamentals of Lasers

F. E. Lytle, Presiding

2:00 General Laser Principles. F.
E. Lytle, Purdue U

2:40 Tunable Laser Systems. M. J.
Wirth, U of Wisconsin

3:40 Nonlinear Optics. J. C.
Wright, U of Wisconsin

4:20 Pulsed Laser Systems. J. M.
Harris, U of Utah

Wednesday Evening

Poster Session—Contributed
Papers

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

Registration Form

32nd Annual Analytical Summer Symposium on Lasers and Analytical Chemistry

June 27-29, 1979, Sponsored by the

ACS Division of Analytical Chemistry and ANALYTICAL CHEMISTRY

Purdue University, West Lafayette, Ind. 47907

Name (please print) g Fee $40 ——
Mailing Address Student Reg Fee | PR

Extra Cookout Tickets @ $10 =
F Affiliati Total amount due and enciosed $—

DO NOT SEND MONEY IN ADVANCE FOR HOUSING.
Please return this form by May 31, 1979, with a check made
payable to Purdue University to: Continuing Education Business
Office, Room 110, Stewart Center, Purdue University, West
Lafayette, Ind. 47907

Please check appropriate items:
O 1 would like to share a room with

0O | will share a double room with someone you assign.

For general information, contact: Fred E. Lytle, Dept. of Chem-
istry, Purdue University, West Lafayette, Ind. 47907 (317-494-
8271)

O | prefer a single room.
O 1 will arrange for my own housing. Please send list.
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PERKIN-ELMER’S
SIGMA GC SERIES -
MORE THAN EVER
YOUR SOUNDEST

HOICE.

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

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

THE FULL LINE

The SIGMA 1leads off. Itcombines
one or more gas chromatographs
with integral microprocessor con-
trol and multi-channel data han-
dling. The internal printer/plotter
gives the chromatogram, analytical
conditions, and quantitative results

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

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

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

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

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

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

PERKIN-ELMER

Expanding the world of analytical chemistry.
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Thursday Morning, June 28

Analysis by Laser-Induced
Fluorescence

J. C. Wright, Presiding

9:00 Laser-Induced Matrix Isola-
tion Fluorimetry. E. L. Wehry, R. R.
Gore, R. B. Dickinson, Jr., U of Ten-
nessee

9:30 New Laser-Based Methodol-
ogies for Determination of Organic
Pollutants via Fluorescence. J. C.
Brown, J. M. Hayes, G.J. Small, Ames
Laboratory, USDOE

10:00 Use of Time Resolution in
Analytical Spectroscopy. F. E.
Lytle, Purdue U

10:40 Laser-Induced Fluor

2:00 Review of Recent Visible and
Infrared LIDAR Investigations. R.
A. Baumgartner, SRI International
2:30 Detection of Free Radicals by
Laser Magnetic Resonance. C. J.
Howard, NOAA

3:15 Intracavity Absorption and
Optoacoustical Spectroscopy. K. V.
Reddy, Allied Chemical Corp.

3:45 Analytical Aspects of Ther-
mal Blooming. R. L.. Swofford, Stan-
dard Oil Co.

4:15 Optogalvanic Spectroscopy.
J. C. Travis, NBS

4:45 Panel Discussion

Friday Morning, June 29

for Trace Element Analysis. P. J.
Hargis, J. P. Hohimer, Sandia Labs
11:10 Laser-Excited Atomic Fluo-
rcscscncc Spectrometry. S. J. Weeks,

11:40 Panel Discussion

Thursday Afternoon

Analysis by Absorption of Laser
Radiation

R. A. Keller, Presiding

1:30 Potential Analytical Aspects
of Laser Multiphoton Ionization
Mass Spectrometry. L. Zandee, D. A.
Lichtin, R. B. Bernstein, Columbia U

Methods the Laser Made Possible

‘I'. Hirschfeld, Presiding

9:00 Analytical Applications of
Nonlinear Raman Spectroscopy. A.
L. Harvey, Naval Research Laborato-
ry, Washington, D.C.

9:40 Spectroscopy in Supersonic
Molecular Beams. D. Levy, U of Chi-
cago

10:30 Heterodyne Astronomical
Spectroscopy. A. L. Betz, U of Cali-
fornia, Berkeley

11:10 Picosecond Studies of
Chemical Phenomena. A. J. Campil-
lo, Los Alamos Scientific Lab

11:50 Panel Discussion

12:15 End of Symposium

Program and Local
Arrangements Chairmen

John C. Travis

Gary M. Hieftje

7

'
K

Fred E. Lytle

Evaluating an NMR Facility

A new high-resolution, 600-MHz
nuclear magnetic resonance facility at
Carnegie-Mellon University in Pitts-
burgh needs evaluating. Scientists are
invited to submit one-page proposals
for short-term (one week or less)
projects that will put the instrument
through its paces. A variety of projects
then will be scheduled for this spring,
and participating scientists also will
take part in a symposium once
projects are completed. Proposals may
be submitted to Dr. K. D. Kopple,
Chairman, NMR Facility Advisory
Committee, Dept. of Chemistry, 1lli-
nois Institute of Technology, Chicago,
111, 60616. 312-567-3433.

Lab Safety Guide

A supplementary reference issue of
the Chemical Bulletin called “'The
Laboratory Safety Deskbook I: A
Guide to OSHA Standards™ is avail-
able. Those OSHA standards that

have a direct impact on chemical labo-
ratories are compiled into this refer-
ence issue. The contents include the
William Steiger Occupational Safety
and Health Act, Code of the Federal
Register, Title 29, Part 1910, and Na-
tional Fire Protection Association
Standard for Laboratories Using
Chemicals. The guide can be pur-
chased for $10 per single copy or $8.00
each for 10 or more copies. Send re-
quests to Business Manager, Chemical
Bulletin, 86 East Randolph St., Chica-
o, 111 60601. For further information,
call Dolores Kenney at 312-236-3026.

Call for Papers

93rd Annual Meeting of the Associ-
ation of Official Analytical Chem-
ists

Marriott Hotel, Twin Bridges, Wash-

ington, D.C. Oct. 15-18, 1979. Current

developments in analytical methodol-
ogy pertaining to agricultural, envi-
ronmental, and public health areas
will be presented. Abstracts for papers
to be presented must be received by
July 6, 1979. All manuscripts must be
postmarked by Aug. 31, 1979. For fur-
ther details, contact: Kathleen Fomi-
naya, AOAC, Box 540, Benjamin
Franklin Station, Washington, D.C.
20044.

4th National School/Conference
Australian National University, Can-
berra, Australia, Feb. 4-8, 1980. Orga-
nized by the Australian X-ray Analyt-
ical Association. Contributions for the
conference are now invited. Title and
brief statement (200-300 words) out-
lining the proposed content to be sub-
mitted to the Conference Secretary by
1 August 1979. Further details from:
Conference Secretary, AXAA Head-
quarters, c/o NSW Institute of Tech-
nology, P.O. Box 123, Broadway 2007,
New South Wales, Australia.
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ION? YAG?

We’ve got’em all!

Whether you need an argon-krypton ion laser or a solid-state
laser, Control Laser Corporation probably has a system to
match your scientific/laboratory requirements. For work in
the areas of photo-
coagulation, blood plasma
diagnostics, cauterization,
particle analysis, primary
pattern generation and the
like, our ion laser line offers
up to 20 W of output power
with primary lines in the blue
(488 nm) and the green

(514 nm). On the other hand, our cw, pulsed and Q-switched
lasers are ideal for tasks such as aligning laser fusion
reactors, coherent anti-Stoke Raman spectroscopy, pollution
monitoring and bloodless surgery. To make your job even
easier, we will incorporate any of the lasers in to a laboratory
work station containing (optionally) positioning stages,
microscopes, cameras and the like.

For details, contact our Sales Department.

CONTROL LASER corroration

HOLOIBBEAM' LASER, INC 2, - A Subudiany,

11222 Astronaut Bivd. m Orlando, Florida 32809
305/851-2636
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News

Meetings

® Scanning Electron Microscopy/
1979. Apr. 16-20. Sheraton Park
Hotel, Washington, D.C. Contact:
Om Johari, P.0. Box 66507, AMF
O'Hare, 1l. 60666. 312-843-0862

= International Conference on
Electroanalysis in Hygiene, En-
vironmental, Clinical, and Phar-
maceutical Chemistry. Apr. 17-
20. Chelsea College, London. Spon-
sored by Electroanalytical Group,
Analytical Div., the Chemical Soci-
ety. Contact: W. F. Smyth, Dept.
of Chemistry, Chelsea College,
Manresa Rd., London, England

m Progress in Chromatography
(2nd Danube Symposium). Apr.
18-20. Carlsbad, Czechoslovakia.
Organized by Czechoslovak Chemi-
cal Society Chromatography
Group. Contact: K. Macek, Insti-
tute of Physiology, CSAV, Prague
4, Budejovicka 1083, Czechoslo-
vakia

| m 2nd Canadian Chromatography

Conference. Apr. 19-20. Hampton
Court Hotel, Toronto, Canada.
Contact: Vijay Mohan Bhatnagar,
Alena Enterprises of Canada, P.O.
Box 1779, Cornwall, Ont. K6H
5V7, Canada

® Chromatography Workshop.
April 23-24. George Washington
Motor Lodge, Fort Washington,
Pa. Contact: Frank van Lenten, E.
1. du Pont de Nemours & Co.,
Jackson Labs, CD&P, Wilmington,
Del. 19898

® Symposium on Electron Micros-
copy and X-Ray Applications to
Environmental and Occupation-
al Health Analyses. Apr. 23-25.
Aspen, Colo. Contact: Philip A.

: Denver Research Insti-
tute, University of Denver, Den-
ver, Colo. 80208

® 3rd International Symposium on
Control of Sulfur and Other
Gaseous Emissions. Apr. 24-26.
Salford, UK. Contact: R. Hughes,
Dept of Chemical Engineering,
University of Salford, Salford, M5
IWT. UK

® Symposium on Advanced Ana-
Iytical Concepts for the Clinical
Laboratory. Apr. 26-27. Oak
Ridge, Tenn. Contact: Charles 1.
Scatt, Oak Ridge National Labora-
tory, 0. Box X, Oak Ridge, Tenn.
37830, Page 1322 A, Dec.

m 70th Annual Meeting of the
American Qil Chemists’ Society.
Apr. 29-May 3. Fairmont Hotel,
San Francisco. Contact: American
Oil Chemists' Society, 508 S. Sixth




10 years ago it was the best
analytical lab balance around.
2500 units later, theTorbal EA-1 still is.

The “All-American” Balance
Torbal EA-1 has been in continu-
ous production since 1968.
Almost every one made in those
ten years is still in service, and
most with never a service call.
What makes the Torbal so dur-
able—so special—for laboratory
use Is its friction-free torsion
design. There's no damage-
prone knife edge to wear, or
need replacement. Which is why
the Swiss and German makers
are now switching to torsion
suspension in their balances.
At Torbal we've been building
torsion suspensions for over 80
years.
Unmatched reliability
and quality.
Every Torbal balance is “new
generation”, combining the
quality and the reliability of a non-
fatiguing torsion band.

Now save as much as
$1000 over copy-cat imports.

The EA-1's combination of un-
compromising quality and repair-
free operation has always pro-
vided for inexpensive, long-run
operation. And right now, thanks
to dollar fluctuations, it will cost
you a lot less than a copy-cat
import.

We'd like you to see the EA-1.
Unfortunately, size, weight and
set-up time present some diffi-
culties for your distributor sales-
man. So drop us a line and tell us
where you are. We'll introduce
you to a Torbal user in your area
for a hands-on demo.

What makes Torbal

the best?

¢ Friction-free torsion design.

¢ Electronic null indicator for
fool-proof readouts.

* Large, easy-to-read digital
readouts to 159.9999 grams.

e Accuracy to 0.1 mg without
vernier or micrometer
readings.

* 8 to 10 grams of infinitely
variable dial-in-tare (with
extended tare options to 208
grams).

* No knife-edges—no “beam
arrest” required.

Write for illustrated
brochure or
a demonstration.

I 0RB| lL THE TORSION BALANCE COMPANY

Main Otfice and Factory: Clifton, NJ 07012
Sales Offices: Chicago. IL. Temple City. CA
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News

St., Champaign, 1l1. 61820. 217-
359-2344
® 3rd International Symposium on
Capillary Chromatography. Apr.
30-May 4. Hindelang, FRG. Con-
tact: R. E. Kaiser, Inst. for Chro-
matography, P.O. Box 1308, D-
6702 Bad Durkheim-1, Federal Re-
public of Germany
American Society for Microbiol-
ogy. May 4-8. Los Angeles. Con-
tact: Richard Bray, 1913 I' St., 140 West 18th Ave., Columbus,
N.W., Washington D.C. 20006 Ohio 43210. 614-422-4750
® AOAC 4th Annual Regional | {th International Symposium on
Spring Training Workshop and Column Liquid Chromatogra-
Exposition. May 6-9. Sheraton- phy. May 7-10. Boston Park Plaza,
Palace Hotel, San Francisco. Con- Boston. Contact: Barry L. Karger,
tact: Paul C. Bolin, Laboratory Di- Chairman, Organizing Committee,
rector, Food and Drug Administra- Ath International Meeting on Col-
tion, 50 U.N. Plaza, San Francisco, umn Chromatography, Northeast-
Calif. 91102. 415-445-4763 ern University, Institute of Chemi-
& 9th Annual Symposium on the cal Analysis, Boston, Mass. 02115
Analytical Chemisty of Pollu- ® 25th International Instrumenta-
tants. May 7-9. Jekyll Island, Ga. tion Symposium. May 7-10. Ana-
Sponsored by Environmental Pro- heim, Calif. Contact: Instrument
tection Agency, University of Geor- Society of America, Test Measure-
gia, and Environmental and Ana- ment Div., 11009 Prospect N.E.,
Iytical Chemistry Division of the Albuquerque, N.M. 87112
American Chemical Society. Con- ® 32nd Chemists’ Conference. May
tact: Elaine P. McGarity, Environ- 16-17. Royal Hotel, Scarborough.

mental Research Laboratory, EPA,
Athens, Ga. 30605; or Roland Frei,
Dept. of Analytical Chemistry.
Free University of Amsterdqm, De
Boelelaan 108, Amsterdam-Bui-
tenveldert, The Netherlands

ACS 11th Central Regional
Meeting. May 7-9. Holiday Inn,
328 W. Lane Ave., Columbus, Ohio.
Contact: A. Wojcicki, Dept. of
Chemistry, Ohio State University,

Contact: K. Speight, Conference
Secretary, British Steel Corp.,
Sheffield Laboratories, Hoyle St.,
Sheffield, S3 7EY, England
Symposium on Progress in Elec-
trochemical Corrosion Testing.
May 20-25. San Francisco, Calif.
Contact: Jane B. Wheeler, ASTM,
1916 Race St., Philadelphia, Pa.
19103. 215-299-5413
Fifth Biennial Symposium in
Clinical Chemistry. May 21-22,
Valley Forge Sheraton, Route 363,
King of Prussia, Pa. Contact: Barry
N. Elkins, Cochairman, 1979 Sym-
posium Committee. 215-842-6612
Workshop on Thermal Analysis.
May 21-22. Gaithersburg, Md.
Contact: Oscar Menis, B326 Chem-
istry Bldg., NBS, Washington,
D.C. 20234. 301-921-2175
8th IMEKO Congress. May 21-
27. Moscow, USSR. Contact:
IMEKO Secretariat, 1371 Buda-
pest. P.O. Box 457, Hungary
5th Annual National Meeting of
the Clinical Radioassay Society.
5. Washington, D.C. Con-
:5th CRS Meeting, Box 119,
Fairfax, Va. 22030
New York Microscopical Society
Sessi May 30-June 1. Statler

SUB MICRON
PARTICLE SIZE ANALYSIS
DOWN TO 0.01 MICRON
IT'S SIMPLE WITH A JOYCE-LOEBL
DISC CENTRIFUGE 3
Benefit from the wealth of experience established in

our application’s laboratory in analysing a wide
spectrum of particulate materials. The results are
summarised in a free booklet "APPLICATION REPORTS’
covering the following major end-user groups:

* Magnetic Iron Oxide

* Polymer Emulsions
* Inks and Pigments * Carbon Black
* Titanium Dioxide * And many others

For your copy circle the reader enquiry card or write 10

DEC CENTRFUGE 2
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Hilton Hotel, New York City. Con-
tact: Ted Rochow, 3008 Charwood
PL., Raleigh, N.C. 27612

Chemical Conference of the
Chemical Institute of Canada.
June 3-6. University of British Co-
lumbia, Vancouver, B.C., Canada.
Contact: The Chemical Institute of
Canada, 151 Slater St., Suite 906,
Ottawa, Ont., KI1P 5H3, Canada.
613-233-5623

27th Annual Conference on Mass
Spectrometry and Allied Topics.
June 3-8. Seattle, Wash. Contact:
H. M. Fales, Bldg. 10, Rm. 7N322,
National Institutes of Health, Be-
thesda, Md. 20014

National Conference on Syn-
chrotron Radiation Instrumen-
tation. June 4-6. Gaithersburg,
Md. Contact: David Ederer, A251
Physics Bldg., NBS, Washington,
D.C. 20234. 301-921-2301

ACS 13th Great Lakes Regional
Meeting. June 4-6. Rockford Col-
lege, Rockford, 1ll. Contact: A. A.
Schilt, Dept. of Chemistry, North-
ern Hlinois University, DeKalb,
n. 60115

13th Annual Conference on
Trace Substances in Environ-
mental Health. June 4-7. Univer-
sity of Missouri, Columbia. Con-
tact: D. D. Hemphill, Environmen-
tal Trace Substances Research
Center, Rte. 3, University of Mis-
souri, Columbia, Mo. 65211




Great Britain has added a new dimension
to our analytical capabilities.

Johnson Matthey Chemicals
Limited may not be a

household” laboratory name
among American analysts, but it
certainly is in the laboratories
throughout Europe. That's
because this 157-year-old
English company has been
[)T(Nuh' Eur
with their eler

2an laboratories
compounds

and capabi \rtn s for more than 67

years

To name a few:
SPECPURE

Materials of Dehned Analyses:

Arange of

subste

suitable for preparat
solid and solution refe
me 11‘ rials

SPECPURE Fabricated Metals.

From aluminum to zirconium

Available in rods. wire and st

SPECTROFLUX
Analytlca| Fluxes

cor

fractorv mate C
1CLOry itera

SPECTROMEL
Standard Powder Mixtures:

CARBON

the graphite spec;allsts

CIRCLE 215 ON

READER SERVICE

R.U. Powder Mixture:




® Industrial Trace Analysis. June
7-8. Vancouver, B.C. Contact: Ian
Webber, B.C. Hydro R&D Lab,
8809 Heather St., Vancouver, B.C.
V6P 3TI, Canada. 604-327-0211

B Symposium on Accuracy in Pow-
der Diffraction. June 11-15.
Gaithersburg, Md. Sponsored by
NBS, National Research Council of
Canada, and International Union
of Crystallography. Contact: Stan-
ley Block, A221 Materials Bldg.,
National Bureau of Standards, .
Washington, D.C. 20234. 301-921-

37

m ACS 34th Northwest Regional
Meeting. June 13-15. Holiday Inn,
Richland, Wash. Contact: M. H.
Campbell, Exxon Nuclear Co., Re-
search & Technology Center, 2955
George Washington Way, Rich-
land, Wash. 99352. 509-943-7309

® Microprocessors and Industry:
Techniques and Applications.
June 18-20. London Press Centre,
London. Contact: Carole Meads,
Sira Institute Ltd., South Hill,
Chislehurst, Kent BR7 5EH, En-
gland. 01--167-2636

m International Symposium on Oc-
cupational Radiation Exposure

in Nuclear Fuel Cycle Facilities.
June 18-22. Los Angeles, Calif.
Contact: John H. Kane, Special
Assistant for Conferences, Office
for Technical Information, Dept.
of Energy, Washington, D.C. 20545
10th International Symposium
on Chromatography and Elece-
trophoresis. June 19-20. Venice,
Italy. To be held in conjunction
with the 6th International Sympo-
sium on Mass Spectrometry in Bio-
chemistry and Medicine. Contact:
Alberto Frigerio, Istituto di Ri-
cerche Farmacologiche “*Mario
Negri,” Via Eritrea, 62, 20157
Milan, Italy. Page 1322 A, Dec.
6th International Symposium on
Mass Spectrometry in Biochem-
istry and Medicine. June 21-22.
Venice, Italy. To be held in con-
junction with the 10th Internation-
al Sy ium on Chr ography
and Electrophoresis. Contact: Al-
berto Frigerio, Istituto di Ricerche
Farmacologiche “Mario Negri,"”
Via Eritrea, 62, 20157 Milan, Italy.
Page 1323 A, Dec.

72nd Annual Meeting of the Air
Pollution Control Association.
June 24-28. Cincinnati Convention

Center, Cincinnati. Contact: Air
Pollution Control Assoc., P.O. Box
2661, Pittsburgh, Pa. 15230. 412
621-1090

® Joint Congress on Clinical
Chemistry. June 25-29. Montreal,
Que., Canada. Contact: Claire Du-
Pont, Dept. of Biochemistry, Mon-
treal Children’s Hospital, 2300
Tupper St., Montreal, Que., Cana-
da H3H 1P3

® 32nd Annual Summer Sympo-
sium on Analytical Chemistry.
June 27-29. Purdue University,
West Lafayette, Ind. Contact: Fred
E. Lytle, Chemistry Bldg.. Purduc
University, West Lafayette, Ind.
47907

m XXI Colloguium Spectroscopi-
cum Internationale—Sth Inter-
national Conference on Atomic
Spectroscopy. Jul. 1-6. Cam-
bridge, England. Sponsored by the
Royal Society, the Chemical Soci-
ety, and the Institute of Ph
Contact: Association of Briti
Spectroscopists, XX1 CSI/8th
ICAS, P.O. Box 109, Cambridge
CBI1 2HY, UK. Page 866 A, August

m World Spectroscopy Conference.
Jul. 2-3. Sheraton Hotel, Lisbon,




News

Portugal. Contact: Vijay Mohan
Bhatnagar, Alena Enterprises of
Canada, P.0. Box 1779, Cornwall,
Ont. K6H 5V7, Canada

Third European Congress of
Clinical Chemistry. Jul. 3-8.
Brighton, UK. Contact: P..J. N.
Howarth, Dept. of Chemical Pa-
thology, Guys Hospital Medical
School, London SE19RT, UK
2nd World Chromatography
Conference. Jul. 5-6. Sheraton
Hotel, Lisbon, Portugal. Contact:
Vijay Mohan Bhatnagar, Alena
Enterprises of Canada, P.0). Box
1779, Cornwall, Ont. K6H 5V7,
(‘anada

AACC 31st National Meceting.
Jul. 15-20. New Orleans. Contact:
AACC National Office, 1725 K St.,
N.W., Washington, D.C. 20006.
202-857-0717

National Conference on Weights
and Measures. Jul. 22-27. Port-
land, Ore. Contact: Harold Wallin,
A211 Metrology Bldg., NBS,
Washington, D.C. 20234, 301-921-
3677

21st Rocky Mountain Confer-
ence on Analytical Chemistry.
Jul. 30-Aug. 1. Sponsored jointly

by Rocky Mountain Society of Ap-
plied Spectroscopy and Rocky
Mountain Chromatography Discus-
sion Group. Contact: H. E. Taylor,
U1.S. Geological Survey, 5293 Ward
Rd., Arvada, Colo. 80002. Page
1323 A, Dec.

28th Denver Conference on Ap-
plications of X-Ray Analysis.
Jul. 30-Aug. 3. University of Den-
ver. Contact: Mildred Cain, Den-
ver Research Institute, University
of Denver, Denver, Colo. 80208.
303-753-2141

Photo/Optoacoustic Spectrosco-
py and Detection. Aug. 1-3. lowa
State University. Sponsored by the
Optical Society of America and the
Ames Laboratory-USDOE. Con-
tact: The Optical Society of Amer-
ica, Suite 620, 2000 L & N-W.,
Washington, D.C. 20036 293-
1420

Combined 37th Annual Meeting
of the Electron Microscopy So-
ciety of America and 13th Annu-
al Meeting of the Microbeam
Analysis Society. Aug. 13-17. San
Antonio, Tex. Contact: Dale New-
bury, Chairman, MAS Program
Committee, NBS, Bldg. 222, Room

Al121, Washington, D.C. 20234.
301-921-2875

® 1979 Symposium on Instrumen-

tation and Control for Fossil En-
ergy Processes. Aug. 20-22. Den-
ver Marriott, Denver. Topics in-
clude two-phase interface level
measurement, on-line analysis and
sampling, flow control systems, and
reactor temperature measurement.
Contact: M. L. Holden, Director,
Conference Planning and Manage-
ment, Argonne National Laborato-
ry, Bldg. 223, 9700 S. Cass Ave.,
Argonne, [l 60439. 312-972-5585
5th Australian Symposium on
Analytical Chemistry. Aug. 20—
24. Perth, Western Australia. Con-
tact: Barry Codling, Analytical Di-
vision, Roval Australian Chemical
Institute, 30 Plain St., Perth,
Western Australia 6000
International Conference on
Liquid Scintillation Counting:
Recent Applications and Devel-
opment. Aug. 21-24. University of
California at San Francisco. Con-
tact: C. T. Peng, School of Phar-
macy, University of California,
San Francisco, Calif. 94143

® 27th IUPAC Congress. Aug. 27—




31. Helsinki, Finland. Contact: J.
Larinkari, P.0. Box 244, SF-00131
Helsinki 13, Finland
XIV European Congress on Mo-
lecular Spectroscopy. Sept. 3-7.
Frankfurt/Main, Federal Republic
of Germany. Contact: Sec’ty Gen.,
EUCMOS 1979, Gesellschaft
Deutscher Chemiker, J. Wenden-
burg, P.O.B. 90 04 40, D-6000
Frankfurt (Main) 90, West Ger-
many
3rd International Bioanalytical
Forum. Sept. 4-7. Guildford, UK.
Contact: E. Reid, Wolfson Bioana-
Iytical Centre, University of Sur-
rey, Guildford GU25XH, UK
178th ACS National Meeting.
Sept. 9-14. Washington, D.C. Con-
tact: A. T. Winstead, ACS, 1155
Sixteenth St., N.W., Washington,
D.C. 20036. 202-872-4397
Symposium on Atomic Spectros-
copy. Sept. 10-14. Tucson, Ariz.
Contact: J. O. Stoner, Dept. of
Physics, University of Arizona,
Tucson, Ariz. 85721
International Conference on
Flow Analysis. Sept. 11-13. Am-
sterdam, The Netherlands. Con-
tact: Secretary FA-Amsterdam,
Laboratory for Analytical Chemis-
try, University of Amsterdam,
Nieuwe Achtergracht 166, 1018
WV Amsterdam, The Netherlands
6th Annual Meeting of the Fed-
eration of Analytical Chemistry
and Spectroscopy Societies
(FACSS). Sept. 16-20. Philadel-
phia. Pa. Contact: P. D. LaFleur,
Director, Center for Analytical
Chemistry, NBS, Washington,
D.C. 20234. 301-921-2851
9th North American Thermal
Analysis Society Meeting. Sept.
23-26. Holiday Inn City-Centre,
Chicago. Contact: Barbara L. Fa-
bricant, Glass Thermochemistry
R&D, Owens-Corning Fiberglass
Technical Center, P.O. Box 415,
Granville, Ohio 43023. 614-587-
0610
2nd European Symposium on
Particle Characterization. Sept.
24-26. Nuremberg, West Germany.
Contact: Secretariat, NMA Nurn-
berger Messe-und Ausstellungs-
gesellschaft mbH, M ntrum,
D 8500 Nuremberg, West Germany
14th International Symposium
on Ad in Chr ra-
phy. Sept. 24-28. Lausanne, Swit-
zerland. Contact: A. Zlatkis,
Chemistry Dept., University of
Houston, Houston, Tex. 77004.
713-749-2623
3rd Annual Arnold O. Beckman
Conference. Oct. 2-5. Colorado

Springs, Colo. Contact: Michele
Tuttle, Meeting Coordinator,
AACC, 1725 K St., N.W., Washing-
ton, D.C. 20006

ACS 9th Northeast Regional
Meeting. Oct. 2-5. Hotel Syracuse,
N.Y. Contact: R. J. Conan, Jr.,
Dept. of Chemistry, LeMoyne Col-
lege, Syracuse, N.Y. 13214. 315-
446-2882

23rd ORNL Conference on Ana-
Iytical Chemistry in Energy
Technology. Oct. 9-11. Gatlin-
burg, Tenn. Contact: W. S. Lyon,
Oak Ridge National Laboratory,
P.0. Box X, Oak Ridge, Tenn.
37830

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

1979 Midwestern Universities
Analytical Chemistry Confer-
ence. Oct. 11-13. University of -
nois at Urbana-Champaign. Con-
tact: Kelsey D. Cook, School of
Chemical Sciences, Dept. of Chem-
istry, Roger Adams Laboratory,
Urbana, Ill. 61801

ACS 15th Western Regional
Meeting. Oct. 17-19. North Holly-
wood, Calif. Contact: J. Quaglino,
5943 Lubao Ave., Woodland Hills,
Calif. 91364

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

18th Annual Meeting of ASTM
Committee E-19 on the Practice
of Chromatography. Oct. 21-24.
Philadelphia. Contact: Tim Brad-
ley, Spectra-Physics, 2905 Stender
Way, Santa Clara, Calif. 95051
Instrument Society of America
Conference & Exhibit. Oct. 22-
25. 0'Hare Exposition Center, Chi-
cago. Contact: ISA, 400 Stanwix
St., Pittsburgh, Pa. 15222
Expochem 79. Oct. 22-25. Hous-
ton, Tex. Contact: A. Zlatkis,
Chemistry Dept., University of
Houston, Houston, Tex. 77004.
713-749-2623

International Liquid Chroma-
tography Symposium I11I—LC
Analysis of Polymers and Relat-
ed Materials. Oct. 24-25.
Strasbourg, France. Contact: Jack
Cazes, Waters Associates, Inc., 34
Maple St., Milford, Mass. 01757
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m ACS 31st Southeastern Regional
Meeting. Oct. 24-26. Roanoke, Va.
Contact: J. Wolfe, Virginia Poly-
technic Institute and State Uni-
versity, Blacksburg, Va. 24060

m Separation Science and Tech-
nology for Energy Applications.
Oct. 30-Nov. 2. Gatlinburg, Tenn.
Contact: A. P. Malinauskas, Gen-
eral Chairman, Oak Ridge Nation-
al Laboratory, P.O. Box X, Oak
Ridge, Tenn. 37830

® Society of Forensic Toxicolo-
gists Annual Meeting. Oct. 31-
Nov. 2. Williamsburg, Va. Contact:
R. V. Blanke, Medical College of
Virginia, MCV Station, Box 696,
Richmond, Va. 23298

m Eastern Analytical Symposium.

Oct. 31-Nov. 2. Hotel Americana,

New York City. Contact: Ivor L.

Simmons, c/o M&T Chemicals,

Inc., P.O. Box 1104, Research Lab-

oratory, Rahway, N.J. 07065. 201-

499-2464

ACS 15th Midwest Regional

Meeting. Nov. 7-10. Chase-Park

Plaza Hotel, St. Louis. Contact: T.

P. Layloff, National Center for

Drug Analysis, FDS, 1114 Market

St., Room 1002, St. Louis, Mo.

63101. 314-425-4135

American Nuclear Society Con-

ference on “Measurement Tech-

nology for Safeguards and Ma-

terials Control.” Nov. 26-29. Ki-

awah Island, Charleston, S.C. Con-
tact: Tom Canada, Los Alamos

Scientific Lab, MS-540, Los Ala-

mos, N.M. 87544

m ACS 35th Southwest Regional
Meeting. Dec. 5-7. Villa Capri
Motor Hotel and Joe C. Thompson
Conference Center, University of
Texas, Austin. Contact: R. M. Gip-
son, Jefferson Chemical Co., P.O.
Box 4128, Austin, Tex. 78765. 512-
459-6543

Short Courses

ACS Courses. For more information,
contact: Department of Educational
Activities, American Chemical Soci-
ety, 1155 Sixteenth St., N.-W., Wash-
ington, D.C. 20036. 202-872-4508

Maintaining and Troubleshooting
Chromatography Systems Work-
shop

Boston, May 5-6; Philadelphia

(ASTM E-19 Meeting), Oct. 20-21. Q.

Walker, M. T. Jackson, and M.P.T.

Bradley. $250, ACS members; $300,

nonmembers.
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the most versatile and expandable gas che

Unequalled EXPANDABILITY through four levels of friendly, functional Accepts a wide range of optional
keyboards for your needs . . . today and tomorrow accessories for extraordinary
VERSATILITY

You can start with LEVEL 1, a simple, single-detector isothermal instrument with
high-speed printer/plotter (35 characters per second) and retention time labeling. | A wide range of all-glass accessories,
From there, you can upgrade through each level to a multi-detector, temperature cold trap and auxiliary oven, open up
programmed instrument with data handling and programming capabilities. Each new application possibilities. In addi-
level has numerous hardware and software options and can be upgraded to the tion, six heated zones provide ample
next level without redundancy. An optional alpha/numeric keyboard provides report reserves for heated accessories such
annotation, plus BASIC programming. A powerful HP cartridge tape unit allows as transfer lines for sample collection,
off-line storage of information. and catalyst tube for methanation of
CO and CO: to improve minimum
detectable limits.
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the first and only microprocessor, keyboard-
operated GC system with all these features . ..

Multiple-channel capability with two printer/plotters
Total instrument and sampler control through BASIC

Two-channel, post run integrator and previously unavailable
calibration procedures

= Large four column oven
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Here is an exciting new gas chromatography
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attempting to duplicate its capabilities.

For more infor-
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Reader Service
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News

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

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

Interpretation of NMR Spectra

Philadelphia. May 10-12. LeRoy

Johnson and Roy Bible. $295, ACS
bers; $340, bers

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

Gas Chromatography

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

Federal Regulations in the Chemi-
cal Industry

Chicago, May 18-19; Washington,

D.C. (178th ACS National Meeting),

Sept. 8-9. G. S. Dominguez. $225, ACS

members; $265, nonmembers

Toxicology for Chemists

Chicago. May 22-24. Morris Joselow.
$485, ACS members; $555, nonmem-
bers

Planning for Safe Laboratory Han-

dling of Highly Toxic Chemicals
Chicago. May 30-June 1. N. V. Steere
and Maurice Golden. $295, ACS mem-
bers; $340, nonmembers

Safety and Health for Academic
Chemistry Laboratories

Chicago. June 2-3. N. V. Steere. $130,

ACS members and nonmembers

Liquid Chromatography, Theory
and Practice

Blacksburg, Va. June 4-7, Dec. 10-13.

H. M. McNair. $450, ACS members;

$510, nonmembers

High-Pressure Liquid Chromatog-
raphy Apparatus Workshop

Los Angeles, June 7-8; Philadelphia

(FACSS Meeting), Sept. 15-16. D. H.

Freeman. $250, ACS members; $300,

nonmembers

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

Microprocessors and Minicomput-

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

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

Design and Analysis of Industrial
Experiments

Atlanta, June 14-16; Philadelphia

(FACSS Meeting), Sept. 14-16. John

Hromi.$295, ACS members; $340,

nonmembers

Carbon-13 NMR Spectroscopy
Washington, D.C. (178th ACS Nation-
al Meeting). Sept. 7-9. G. C. Levy and
Paul Ellis. $295, ACS members; $340,
nonmembers

Effective Writing for Scientists
and Engincers

Washington, D.C. (178th ACS Nation-

al Meeting). Sept. 7-9. Henrietta

Tichy and Sylvia Fourdrinier. $295,

ACS members; $340, nonmembers

High-Performance Management
Washington, D.C. (178th ACS Nation-
al Meeting). Sept. 8-9. J. H. Morrison.
$225, ACS members; $265, nonmem-
bers

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

Laboratory Automation: Micro-,

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

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

Gas Chromatography, Theory and
Practice

Blacksburg, Va. Sept. 24-27. H. M.

McNair. $425, ACS members; $485,

nonmembers

Introd

raphy

ion to Gas Chr

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

9th Gas Chromatography, Lecture
and Laboratory
Villanova University, Villanova, Pa.
May 16-18, $100, $125 (after April
15); May 18-19, $60, $80 (after April
15). Contact: R. L. Grob, Chemistry
Dept., Villanova University, Villano-
va, Pa. 19085. 1-215-527-2100, exts.
496, 480, 481

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

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

Interpretation of Infrared and
Raman Spectra

Fisk University, Nashville, Tenn. Jul.

23-217. $275. Contact: Nelson Fuson,

Director, Fisk Institute, Box 8, Fisk

University, Nashville, Tenn. 37203

Gas-Liquid Chromatography

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

Pollution Evaluation

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

For Your Information

Chromatography Newsletters, Vol.
6, No. 3, is available from the Perkin-
Elmer Corp. The titles of the four arti-
cles in this Oct. 1978 issue are: Deter-
mination of volatile halogenated hy-
drocarbons in environmental water by
glass capillary column gas chromatog-
raphy and electron capture detection;
a variable all-glass effluent splitter for
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New Applications
of Lasers to
Chemistry

ACS Symposium Series No. 85

Gary M. Hieftje, Editor
Indiana University

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

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

Ch physicists, and engi from
academia, industry, and government
give a precise account of the latest de-
velopments in laser technology and
measurement systems as well as the use
of lasers in detecting single atoms and
molecules.

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

, and new in laser
Raman spectrometry.

CONTENTS

Selective Excttation of Probe lon Luminescence
(SEPIL) o Applicatons of Tunabie-Diode-Laser IR
Spectroscopy 1o Chemical Analysis e Two-Photon-
Excted Molecular Fluorescence e Laser-Excited

L o Laser y: De-
tection of Afiataxin B: in Contaminated Com e Laser-
Enhanced lonization for Trace Meta! Analysis in
Flames o The Study of Biological Surfaces by Laser
Electrophoretic Light Scatienng « New Laser-Based
Methods for the Measurement of Transient Chemical
Events « Laser Applications in Photoelectrochemistry
= Coherent Anti-Stokes Raman Scattering Spectros-
copy  Spectroscopy by Inverse Raman Scatlenng e
Vibrational Spectra in Nanoseconds

244 pages (1978) Clothbound $23.50
LC 78-22032 ISBN 0-8412-0459-4

SIS/A c Soci

dual-detector operation and collection
of GC fractions; the determination of
traces of oxygen in vinyl chloride; and
drug analysis by chromatography, a
review. For a free copy, ask for order
no. CHN-12 from Perkin-Elmer Corp.,
Instrument Division, Main Avenue,
Mail Station 12, Norwalk, Conn.
06856. 203-762-6853

An analytical service that quickly de-
termines if processed sugar derivatives
have been added to natural fruit sugar
products is available from Geochron
Laboratories of Cambridge, Mass.
Utilizing modified mass spectrometry
equipment, Geochron Laboratories
SIRA (stable isotope ratio analysis)
has been approved on a first action
basis by Federal agencies including
FDA and the U.S. Customs Dept. The
price is $45/sample. For more infor-
mation, contact: Geochron Laborato-
ries, Division of Krueger Enterprises,
Inc., H. W. Kreuger, 24 Blackstone
St., Cambridge, Mass. 02139. 617-
876-3691

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

Two courses, Strategy of Experi-
mentation and Strategy of Formu-
lations Development, will be held by
the Du Pont Co. during 1979. The for-
mer course consists of 2!, days of sem-
inars and workshops on the use of sta-
tistical methods for effective, well-
designed experimentation. The latter
course, 2Y; days, teaches students to
use statistics to develop formulations
or mixtures that provide the best bal-
ance between product properties and

1155 16th St., N.W./Wash., D.C. 20036

Please send ________ copes of SS 85'New
Applicavons of Lasers to Chemistry (ACI 0459-4) at
$23.50 per copy.

C Check enclosed for §. . OBl me.
Postpaid in U.S. and Canada plus 75¢ eisewhere.
Calfomia residents please add 6% state use tax.

facturing cost. Course schedules
and other information may be ob-
tained by writing to: Seminars, Du
Pont Co., Rm B-1370, Applied Tech-
nology Division, Wilmington, Del.
19898. 302-774-6406

Pye Unicam Ltd., of Cambridge, En-
gland, is holding a series of analytical

ymposia during April and May 1979
in London, Manchester, and Glasgow.
Lectures will be given in the fields of
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GC, LC, AA, IR, and UV/VIS. For fur-
ther information, call: T. Proctor or
S.C.L. Webb at 0223 58866, ext. 25/26.

Analytical Express Service provides
direct contact with Rice Division's
laboratories for the analysis of regu-
lated parameters of water and waste-
water. The division laboratories offer
GC/MS/data system, GC, and AA
with flameless atomizers. For more in-
formation, call Analytical Express
Service at 800-245-2730.

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

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

Definitions of chemical terms are
recommended in three reports pub-
lished by IUPAC. Comments and sug-
gestions are solicited from all chemists
so that a final definitive report can be
published. The three provisional re-
ports soon to be published are in elec-
troanalytical chemistry, polymer
chemistry, and in thermodynamics.
For further information, contact: Mar-
tin Gellender, Information Officer/
Editor, Bank Court Chambers, 2-3
Pound Way, Cowley Centre, Oxford
0X4 3YF, UK.

Growth in the sales of sophisticated
instruments, especially overseas, has
prompted EG&G, Inc., producer of re-
search and health industry instru-
ments, to form EG&G Instruments,
Inc. The new worldwide marketing or-
ganization will handle the products of
EG&G Princeton Applied Research
Corp. and Brookdeal Electronics, an
EG&G subsidiary in England. The
new combined sales organization be-
came effective Jan. 1, 1979.
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That's because Accuchart
paper is specially designed
and produced by Gould for
use in Gould recorders.

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

Just check some of these
outstanding features
Accuchart—and only
Accuchart—can offer. Writing
surfaces are exceptionally
smooth and specially pro-
cessed to instantly accept
the trace with minimal pen
friction. Exclusive formulas
insure high tensile strength
and dimensional stability.
Overall accuracy of printed
grid lines is better than 0.15%
of any dimension.

Accuchart papers are
available in many configu-
rations, including semi-
perforated chart rolis for
use with either automatic
Z-Folder or manually. And
you can count on Gould’s
on-time delivery.

So remember. To get the
finest quality traces from
Gould recorders, use
Accuchart paper. Easily
identified by the Accuchart
name on every roll. For more
information, send for our
free handy pocket guide by
calling Gould toll free at
(800) 325-6400, ext. 77. (In
Missouri: (800) 342-6600).
Or write Gould Inc., Instru-
ments Division, 3631 Perkins
Ave., Cleveland, Ohio 44114.

=" GOULD
AnENk icallEl Ci
CIRCLE 85 ON READER SERVICE CARD
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JFK Assassination: Bullet Analyses

The world was shocked on Novem-
ber 22, 1963, when President John F.
Kennedy was assassinated by rifle fire
in Dallas, Tex. It rapidly became clear
that either some or all of the bullets
were fired at the President’s motor-
cade limousine from a corner room on
the sixth floor of the Texas School
Book Depository, just after the motor-
cade turned onto Elm Street in Dealey
Plaza. Within about 2 h after the
shooting, Lee Harvey Oswald was cap-
tured a few miles away, but only after
he had fired four revolver shots into
Officer J. D. Tippit, killing him in-
stantly. Initially arrested for the kill-
ing of Officer Tippit, it soon became
evident that Oswald was probably also
the assassin of President Kennedy. A
search of the Book Depository sixth
floor room resulted in the finding of
three spent Western Cartridge Co.
(WCC) 6.5-mm Mannlicher-Carcano
(MC) cartridge cases on the floor of
the room, and an Italian-made
Mannlicher-Carcano military rifle
with one unfired cartridge of the same
type still in the gun. Oswald, an em-

Vincent P. Guinn
Department of Chemistry
University of California
Irvine, Calif. 92717

ployee of the Book Depository, had
been seen there that morning and also
a few minutes after the assassina-
tion—disappearing soon thereafter.
During the next 48 h, Oswald was
interrogated repeatedly, but consis-
tently denied having killed either the
President or Officer Tippit. While the
investigation was still in progress, Os-
wald was shot and killed by Jack Ruby
while Oswald was being transferred
to other quarters.

cecinn | FTPNT)

Warren C g

Within days, numerous rumors were
afoot that Oswald was part of a con-
spiracy to assassinate the President,
and that he had one or more confeder-
ates, firing from the same location or
from another location. The facts, soon
unearthed, that Oswald was an
avowed Marxist, had recently lived for
about three years in the Soviet Union
where he married a Russian (Marina),
and was an outspoken supporter of
Fidel Castro’s Cuba, led many people
to suspect an international conspiracy.
To investigate all of these possibilities
in depth, and to provide the American
public with a factual analysis of the

ination, the new Pr Lyn-
don B. Johnson, appointed a Presi-
dential Commission to conduct a thor-
ough investigation of all aspects of the
assassination. Headed by then Chief
Justice Earl Warren, the 7-member
Commission became known as the
Warren Commission. Constituted only
one week after the assassination, it
conducted a 10-month investigation
assisted mainly by the FBI, and pub-
lished its findings in September of
1964 in the famous Warren Commis-
sion Report.

In this investigation, the Mann-
licher-Carcano rifle was definitely
proved to belong to Oswald (his palm-
print was found on it), the three re-
covered cartridge cases were proved to
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have been fired from it, and the al-
most undamaged copper-jacketed bul-
let found on Governor Connally’s
stretcher at the Parkland Memorial
Hospital in Dallas and two large
pieces (a nose portion and a base por-
tion) of copper-jacketed bullet(s)
found in the President’s limousine
were all shown to have been fired from
that particular rifle. Clearly, Oswald
appeared to be either the lone assassin
or at least one of the assassins.

1963-1964 Analyses

All of the analytical measurements
conducted by the Dallas police (incon-
clusive dermal nitrate tests run on
paraffin casts taken of Oswald’s hands
and his right cheek soon after he was
apprehended) and by the FBI Labora-
tory shed very little light on the
subject. The FBI took the Oswald par-
affin casts to the Oak Ridge National
Laboratory and analyzed them by
neutron activation analysis (NAA) for
the possible presence of primer resi-
due (barium and antimony) (1) still
there even after the Dallas dermal ni-
trate tests. This effort was thwarted
by the fact that the casts were badly
contaminated, essentially as much Ba
and Sb being found on the outside
surfaces of the casts as on the inside
surfaces—which had been in contact
with Oswald’s skin. The right cheek
cast, if it had not been contaminated
by improper previous handling, might
haye established that Oswald had very
recently fired a rifle. The FBI Labora-
tory also analyzed the various bullet
fragments recovered from the Dallas
limousine, President Kennedy's brain,
and Governor Connally’s wrist plus
the bullet recovered from his stretch-
er. These specimens were analyzed by
emission spectrography. The results
showed that all of the bullet-lead
specimens were qualitatively generally
“gimilar” in elemental composition,

0003-2700/79/0351-484A$01.00/0
© 1979 American Chemical Society



The Analytical Approach

Edited by Claude A. Lucchesi

and “could be"” all of the same brand
of ammunition. That was all of the
chemical analysis work cited in the
Warren Commission Report.

Surprise Letter Found
in the National Archives

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

1964 FBI NAA Data

Working with John Nichols, a fo-
The core of the U.C. Irvine TRIGA Mark | nuclear reactor rensic pathologist at the University of
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Kansas Medical School, I joined in ef-
forts to obtain a copy of the 1964 NAA
data obtained by the FBI on the bul-
let-lead specimens. This also proved
to be a slow uphill battle. Finally, and
only by taking legal action under the
amended Freedom of Information Act,
Dr. Nichols succeeded in obtaining a
copy of the FBI data—in April of
1975. Dr. Nichols immediately flew
out to California with the data, and I
began a detailed examination of the 70
pages of the raw NAA data and calcu-
lated results that had been obtained at
the Oak Ridge National Laboratory in
May 1964 by John F. Gallagher of the
FBI Laboratory (now retired). The au-
thor’s initial examination of these
data tended to agree with Mr.
Hoover's statement that the results
were inconclusive. But I will discuss
more about these data later.

WCC Mannlicher-Carcano
Bullet Lead

At this point, Dr. Nichols and 1
urged a reexamination of the bullet-
lead evidence specimens—this time
using nondestructive instrumental
neutron activation analysis (INNA)
with a high-resolution Ge(Li) semi-
conductor gamma-ray detector in-
stead of the low-resolution thallium-
activated sodium iodide [Nal(TI)]
scintillation detector that had been
used in 1964. During the period
1972-1976, I had analyzed a number
of samples of WCC/MC 6.5-mm bullet
lead, from all four of the production
lots made by WCC, using instrumen-
tal NAA with Ge(Li) gamma-ray spec-
trometry. These known samples were
supplied by Dr. Nichols and gave sur-
prising results. The results showed
that this type of ammunition was
quite different from virtually all other
brands of bullet lead I had ever ana-
lyzed before (2, 3). Although individu-
al bullets were fairly homogeneous in
their antimony and silver contents,
they exhibited a great heterogeneity
from bullet to bullet—even within the
same production lot and even within
an individual box of 20 cartridges. The
range of Sb values was especially
large, all the way from around 20 ppm
up to 1200 ppm Sb. Although still in
the range of unhardened lead, they
clearly were not made from virgin lead
but instead obviously contained ap-
preciable and variable amounts of re-
cycled lead—some of which was anti-
mony-hardened lead. The silver levels
ranged from about 5 ppm to around
15 ppm Ag. These background results
showed that a more detailed analysis
of the Dallas bullet-lead specimens, by
INAA with Ge(Li) gamma-ray spec-
trometry, might be able to establish
whether all of the specimens were or
were not in the range of WCC/MC
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bullet lead, and whether they corre-
sponded to two, or more than two,
bullets.

The Warren Commission, it should
be noted, had concluded that Oswald
fired three WCC/MC bullets; that one
of them had missed completely; that
one of them had struck the President
in the back, exited from his throat,
gone on to strike Governor Connally
in the back (he was sitting in a jump
seat right in front of the President),
exited from the Governor's chest after
fracturing one of his ribs, struck the
Governor's right wrist—shattering it,
exited from the under side of his wrist,
and then came to rest in his left thigh
after penetrating the flesh only
slightly—finally to fall out on the
Governor's stretcher at the hospital;
and that a later (or last) one had
struck the back of the President’s
head, exiting near the right front of
his head, causing a massive and fatal
wound. After issuance of the Commis-
sion’s Report in 1964, numerous critics
scoffed at their conclusion that a sin-
gle bullet could cause the President’s
back wound and the Governor’s back,
wrist, and leg wounds—and still end
up with only a slight dent in it and
with only about a 1% weight loss. They
dubbed it the “Magic Bullet.” In addi-
tion, partly based on the Zapruder
film and on eyewitness accounts of
gunfire from a region in front of the
limousine (the so-called “grassy
knoll”), rather than from the rear,
some critics claimed that the fatal
head shot did not come from Oswald’s
location.

A Phone Call from the
House Select Committee

In the early summer of 1977, the au-
thor received a phone call from a staff
member of the U.S. House of Repre-
sentatives Select Committee on Assas-
sinations—inquiring (1) whether the
author thought it might yield new in-
formation if the Dallas bullet-lead evi-
dence specimens were reanalyzed,
using improved INAA techniques; (2)
what kind of information might be
generated by such measurements; and
(3) whether the author would be will-
ing to conduct such analyses for the

. Select Committee. To (1) and (3) the

answer was “yes,” and the answer to
(2) was a summary of the information
possibly obtainable from such mea-
surements, based upon the author’s
earlier studies of WCC/MC bullet
lead. It was then agreed that the au-
thor would reanalyze the Dallas speci-
mens, using the sensitive and nonde-

. structive INAA method, with Ge(Li)

gamma-ray spectrometry.

New INAA Measurements

In mid-September of 1977, James
L. Gear of the National Archives flew
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out to California with the Dallas bul-
let-lead specimens. During a three-day
period, the author examined the speci-
mens, prepared them for analysis, an-
alyzed the samples in two reactor runs
under different conditions, and re-
turned the samples to him. An amus-
ing aspect was that the measurements
had to be conducted under tight secu-
rity and secrecy—during every work-
ing hour of those three days Mr. Gear
and the author were accompanied by
two armed, uniformed federal guards.
Needless to say, speculation amongst
the U.C. Irvine students ran high!
Later, reading the Ge(Li) pulse-height
data from the samples and the Sh, Ag,
and Cu standards back from the mag-
netic tape, I proceeded to calculate the
ppm levels of these three elements in
each sample.

Preparation of the samples for anal-
ysis was itself somewhat of a problem.
The various samples ranged in size
from about 1 mg on up to one large
portion of a jacketed bullet (Q2) on
up to an almost whole bullet (the Con-
nally stretcher bullet, Q1). The small-
er pieces were taken each in its entire-
ty. From the large Q2 specimen, a
piece of the bullet lead free of copper
jacket was cut off with a stainless steel
scalpel, for analysis. A sample of bul-
let lead was drilled out from the base
of the stretcher bullet (Q1), using a
0.5-mm diameter carbon-steel drill.
Each ple was examined under
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magnification to be sure no specks of
imbedded jacket material could be de-
tected. To remove as much as possible
of any external contamination from
the samples, each was washed three
times, alternately, with distilled/
deionized water and reagent grade ac-
etone. Each sample was weighed into
a specially cleaned small polyethylene
vial on an analytical balance. Several
small standard samples each of Ag,
Sb, and Cu were prepared in the same
size vials, the solutions evaporated

to dryness, and the materials cement-
ed to the inside of the bottom of the
vial by paraffin (using a few drops of
10% paraffin/CS; solution, followed by
air drying). The conduct of the analy-
ses was somewhat restricted by the se-
curity/secrecy requirements, and by
the short time available to carry them
out (precluding the possibility of
doing replicate determinations of each
sample, except for the silver determi-
nations, which could be repeated, due
to the short half life of '9Ag). Each
night, all of the evidence specimens
and the analytical samplés had to be
taken away for overnight security
storage at the Laguna Niguel branch
of the National Archives.

In the first run, the 1-50-mg sam-
ples and the standards were activated
and counted one at a time, using the
pneumatic-tube facility of the U.C. Ir-
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Figure 1. Schematic of INAA determination of silver in bullet-lead specimens via

24.4-s '°Ag

vine TRIGA Mark I nuclear reactor.
The conditions used were those of our
rapidscreening method (4), giving pre-
cision measurements for silver and
less precise values for antimony and
copper: irradiation, decay, and count-
ing times of 40 s each. The samples
were activated in a thermal-neutron
flux of 2.5 X 10'2 n cm~25s~!, and each
was transferred to a fresh polyvial
during the 40-s decay period. Each ac-
tivated sample was counted with a 38
cm? Ge(Li) detector/4096-channel
gamma-ray spectrometer, and the
pulse-height data were promptly
stored on magnetic tape. The most
prominent induced activities detected
were 24.4-s 110Ag, 93-5 124miSh, and
5.10-min %6Cu. Quantitative results
were based upon the largest photo-
peak of each (658, 498, and 1039 keV,
respectively). The analytical sequence
is shown schematically in Figure 1.

In the second run, the same samples
(and standards) were activated and
counted again, but this time all to-
gether in the 40-tube rotary specimen
rack of the reactor—for 1 h at a ther-
mal-neutron flux of 1.0 X 10'2 n cm—2
s~ After about a 1-h decay, the sam-
ples and standards were counted as
before, but this time for 5 min each.
The most prominent induced activi-
ties were 2.80-day !22Sh and 12.8-h
64Cu, providing more precise values
of the antimony and copper levels.
Quantitative results were based upon
the largest photopeak of each (564 and
511 keV, respectively).

Results of New INAA
Measurements

As can be seen in Table I, samples
Q1 and Q9 (the Connally stretcher
bullet and fragments from Connally’s
wrist, respectively) are indistinguisha-
ble from one another in their Sb and
Ag concentrations, but are clearly dis-
tinguishable from the Q2, Q4, 5, and
Q14 samples (Q4, 5 being fragments
recovered from two different areas in
the Dallas limousine) —these latter
three samples, in turn, being indistin-
guishable from one another. The re-
sults for copper follow the same pat-
tern except that no reliable value for
Cu could be obtained for sample Q9,
because it was greatly contaminated
with Cu from imbedded jacket materi-
al. From the induced 66.9-min 204mPh
activities [an (n,n’) fast-neutron prod-
uct of lead] (5), it was also established
that all of the samples were at least

90% lead. The sample Q designations,
by the way, are those originally as-
signed to the evidence specimens by
the FBI. The CE designations, which
are also shown in Table I, are the
Warren C: ission Exhibit bers
assigned to them.

The conclusions derived from these
results—interpreted in the context of
my earlier measurements on back-
ground WCC/MC bullet-lead sam-
ples—are definite and straightfor-
ward: all of the Dallas samples are in
the unusual (though not necessarily
unique) concentration ranges of
WCC/MC bullet lead; and the speci-
mens show clearcut evidence for the
presence of two, and only two, WCC/
MC bullets—one of a composition of
815 ppm Sb and 9.3 ppm Ag, the other
of a composition of 622 ppm Sb and
8.1 ppm Ag.

A Second Look at Earlier
FBI Data

After I had obtained these new re-
sults, it seemed to me that the pres-
ence of two different compositions
should have been discernible from the
FBI's 1964 NAA data, in spite of the
complication of the 20-fold poorer en-
ergy resolution of the Nal(TI) scintil-
lation detector that Mr. Gallagh
used [the high-resolution Ge(Li) de-
tector was not generally available in
1964). My previous examination of the
FBI data had revealed that the results
had been obtained for silver (via the
24.4-s 1'9Ag induced activity, as in the
newer measurements) under one set of
irradiation/decay/counting time con-
ditions. His values for silver agreed
closely with the new values. The com-
plication, however, was that Mr. Gal-
lagher measured antimony (via the
2.80-day 22Sb and 60.4-day '?4Sb in-
duced activities) under four different
sets of irradiation/decay/counting
time conditions—unfortunately ob-
taining four rather widely different Sb
values for each sample. The wide
spread of Sb values for each sample
obscured any distinction between the
Q1 and Q9 samples, on the one hand,
and the Q2, Q4, 5, and Q14 samples,
on the other—if all the results were
viewed simultaneously. This confusion

Table I. Author's 1977 INAA Silver and Antimony Results #
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Table Il. 1964 FBI' Antimony NAA Results from Four Sets of
Measuremenls (and the One Set of Silver Resulls)

no doubt led Mr. Hoover to state that
the results were inconclusive.
However, my second review of the
FBI data (6) [benefiting, of course,
from the hindsight gained from the
newer Ge(Li) results) resolved this
anomaly. Although not heretofore re-
alized, the old FBI data also showed
that samples Q1 and Q9 were similar
to one another in their Sb and Ag con-
tents (Cu was detected, but not mea-
sured), and distinct from samples Q2,
Q4, 5, and Q14—which, in turn, were
similar to one another. This conclu-
sion was reached by examining the Sb
results obtained by the FBI for all the
samples under all four conditions—
but with the data for each condition
compared only with one another, rath-
er than intercomparing the results ob-
tained for each sample under all four
conditions. Examined in this fashion,
it was revealed that, for each of the
four FBI measurement conditions,
samples Q1 and Q9 matched closely,
and were quite different from samples
Q2, Q4. 5, and Q14, which in turn
matched one another closely. The FBI
results are displayed in this fashion
in Table 1. Apparently, some errors
in some of the standards used, and/or
in the counting conditions used in the
four different measurements led to
some consistent (determinate) errors
that resulted in four different Sb val-
ues being obtained on the same sam-
ple. The FBI values for one of their
conditions (set 3) agree closely with
the newer Ge(Li) values, but their re-
sults for the other three conditions are
numerically considerably different
from the Ge(Li) results.

Presentation of Results
Before the Select Committee

After | had submitted a detailed re-
port to the Select Committee on my
INAA results and conclusions con-
cerning the Dallas bullet-lead evi-
dence specimens, the Committee re-
quested that [ present these at their
public hearings in Washington, D.C.
On September 8, 1978, | presented a
90-min summary of my findings and
conclusions (nationally televised on
public service 1'V), the 90 min includ-
ing questioning by various of the 12
Congressmen who constitute the Se-
lect Committee.

Thus, analytical chemistry—which
in 1963-64 h-d not shed much hght
on the n
ed in producing significant useful in-
formation. The nondestructive instru-
mental neutron activation analysis re-
sults have demonstrated that, toa
high degree of probability, all of the
bullet-lead evidence specimens are of
WCC/MC 6.5-mm brand, that there
is evidence for the presence of por-
tions of two—and only two—such bul-
lets, and that the Connally stretcher
virtually intact bullet indeed caused
the fracture wound of Governor Con-
nally’s wrist—a previously hotly dis-
puted part of the Warren Commis-
sion’s theory. The back wounds of
President Kennedy and Governor
Connally involved essentially no dam-
age to the bullet (or bullets) causing
them, and thus produced no frag-
ments for possible analysis. The new
results cannot prove the Warren Com-
mission’s theory that the stretcher
bullet is the one that caused the Presi-
dent’s back wound and all of the Gov-
ernor’s wounds, but the results are in-
deed consistent with this theory.

And What Now?

In due time, my report to the Select
Committee will be made public and
available, and I will be submitting a
series of several papers to the Journal
of Forensic Sciences (of the American
Academy of Forensic Sciences) that
will cover this investigation in greater
detail. These papers will also include
additional studies in my laboratory,
some of them still in progress at this
writing, on background WCC/MC bul-
let-lead ples (further h
studies) that will enable one to calcu-
late actual numerical probabilities.
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and *'P observation as well as 'H at 14 kG. For the ultimate in
high-resolution performance, you may want to consider the
90-MHz EM-390, with the high sensitivity and chemical shift
dispersion of a 21-kG magnet. Your Sales Representative also
will be the one to tell you about the great features all EM's
: the low power consumption, the fact that they need no

ling water, their full compatibility with variable-temperature

operation. And he'll even arrange for financing if you need it.

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

Your order will be processed by an individual with a knack
for handling the minute details of your requirements and the
Product Specialist, who sees to it that these details, your
applications needs, and your special wishes all come
together to a happy union.

When your Varian EM-Series spectrometer is installed, a
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trained Service Engineer will check its operation to make sure it
performs to specifications and that you know how to operate it.
But help with really getting to know your instrument comes from
the Technical Writer who has put together a set of instruction
manuals that in depth and competence counts among the finest
in the industry. And you get powerful support from perhaps the
least conspicuous member of the team: the Quality Assurance
Administrator. He not only estabiishes and enforces Varian
quality standards, he also stands in the wings to monitor

the installation of your instrument and its performance

Should you ever get stumped by a tricky application or a
methods problem, you'll have an “inside” friend —the Varian
Applications Scientist. Here's a storehouse of NMR expertise
to draw from, and the answer to your problem may be as
close as your telephone.

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

For a package of information about the EM-Series
NMR Spectrometers, circle Reader Service
Number 218. To have the first member of the
team call you, circle No. 219. Or write Varian
Associates, Inc., Box D-070, 611 Hansen Way,
Palo Alto, California 94303.

varian



Varian SF-330 Spectrofluorometer
Stable, simple, economical...

It’s designed to
work for you.

26 readings on a solid solution of Rhudamine B
0 a polymer biock were taken over a two-month
period The same control settings were used
throughout An intentional source change was
made between readings 9 and 10 Average

intensity was 566 units =1 8% RSO
.-o.o.ooo.ouoo-.ooooo.-.‘

1000 .O

.
.
.
.
> 800 :
- .
g .
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- .
g ecc £ =500 .
< - .
b .
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4 2 a0 .
Now the inherent sensitivity of fluorescence spectroscopy can < 3 :
be applied to a broad spectrum of quantitative determinatons. in z e
environmental studies. industrial hygiene. pharmaceutical assays. o T .00 e
food/nutntion. and biological assays for enzyme activity. e =
sialic acid. porphyrins. etc . .

.

SF-330 gives you accurate. reproducible data. effortiessly The . ; e
ratio photometric system provides a new level of stability Frequent o e = e B S 2 .
calibrations are not necessary Efficient optical system with . oo =
concave grating assures high energy throughput over the entire . >

operating range * .

.
I's easy to vary operating parameters to suit your particular fesscscee ®

application. The convenient front panel provides simple, precise
controls and clear, legible readouts that minimize guesswork

A large, four-turret sample compartment facilitates sample handling
and interchange of accessories such as HPLC flow cells

And the price is nght. No other spectrofluorometer in this medium
price range comes close in performance or convenience

Circle 228 tor more information. Circle 229 if you want our
representative to call. Or write: Varian Associates, Inc., D-070.
611 Hansen Way. Palo Alto, CA 94303

varian



The smartest
label around.

CERTIFIED

HPLC-GRADE
Acetonitrile

UV cutoft — 190nm

FISHER SCIENTIFIC COMPANY

WARNING! CLASS 1B
FLASHPOINT ... SSF

HARMFUL IF INHALED OR FLAMMABLE
ABSORBED THROUGH SKIN Made mUS A

Fisher Certified HPLC Solvents. The label that tells you everything
you want to know.

Optical absorbance at a variety of wavelengths (full spectral curves on
request). Refractive index directly traceable to NBS. Background fluorescence.
UV cutoff. Assay as mol % via GC. Water and preservative /inhibitor content.

And much more.

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

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

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

And remember: Fisher also stocks an impressive selection of
auxiliary HPLC materials. Apparatus, appliances, supplies. This simplifics your
ordering — and your laboratory life.

Write for HPLC catalog today!

<

Fisher Scientific Company
711 Forbes Avenue Pittsburgh PA 15219

CIRCLE 76 ON READER SERVICE CARD
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lll(li 96 ON READER SERVICE CARD

S — SHATTERBOX
\ |« 8510

R The Polite Pulverizer
e MEETS OSHA NOISE STANDARDS

0F 1ungaten Cartece Contaner

WITHIN IS HOUSED A SHATTERBOX GRINDER—
the unexcelled workhorse which effiCiently reduces
up to 500 g of materal to -325 mesh in 3

minutes

CIRCLE 187 ON READER SERVICE CARD

NO POSTAGE
NECESSARY
IF MALLED

INTHE |
UNITED STATES |

BUSINESS REPLY CARD
FIRST CLASS Permit 427346 Phiadeiphia, Pa
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YOUR “READER SURVEY” VIEWS ARE VITAL pUmiad by e

Analytical Chemistry occasionally presents a Reader Survey section O Larger. more substcm
tial handle makes

that provides you with an opportunity to indicate your interests and the 800 easier than

activities. Your answers help us in planning editorial material that will ever to hold and use.
be useful to you in your work. O New blow-out stop pre
; . . vents plunger blow-out
To express your Reader Survey views, simply circle your answers on under high pressures.
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The dual system lon Chromatograph 16 utilizes newly
developed ion exchange columns which allow
separation and detection of all ions in complex
mixtures with pK, less than (approximately) 7. This
includes inorganic ions such as chloride, nitrate and
sulfate as well as organic acids such as C1-Cio
carboxylic acids, organic phosphonic and sulfonic.
acids, and carbonic acid.

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

There's more. The IC 16 includes auxiliary valves which allow the
use of additional chromatographic detectors such as UV.

Pre- or post columns can be used individually or coupled with
this dual system and you can even use column gradients.
Let your imagination run wild!

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

service number.

For i ion regarding applicati
of IC, circle the appropriate number:

DIONEX

lon Chromatography Systems
In the U.S.: 1228 Titan Way

Sunnyvale, CA 94086

Phone (408) 737-0700

in Europe: c/o 4, The Buchan, Camberley, Surrey. GU15 3XB England.

RN
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New Products

LC-XP series high

instruments are modular in design

liquid
with a basic configuration that consists of a single piston pump, UV detector, the desired column
and injection system. Additions to the basic instrument include: LC-XP Dialamix unit which
provides rapid selection of any mixture of two solvents; LC-FL fluorimetric detector; a series
of isocratic and gradient elution liquid chromatographs based on the LC-XPD dual-piston re-
ciprocating pump; and the LC-XP gradient programmer which is able to store up to 10 programs.

Pye Unicam Ltd., Cambridge, England

Digital Image Analysis System

MOP, a digital image analysis system
which consists of a microcomputer and
a multipurpose measuring tablet, can
measure up to eight parameters simul-
taneously and summarize and store
data in up to 20 separate channels. The
images can be analyzed from photo-
graphs—X-rays, projections, draw-
ings—or a microscope. The system
can determine percentages, averages,
standard deviations, area differentials,
and distribution analysis. Carl Zeiss,
Inc. 410

Dye Laser

LFDL-1 longitudinal flow dye laser is a
tunable high average power instrument
that provides 1-2 W of power at a rep
rate of 10-20 Hz. A regulated 1-kW
high-voltage switching supply makes
energy input/pulse independent of rep
rate..A three-prism tuner is standard.
Price is $18 000. Candela Corp. 414

401

Liquid Chromatograph

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

UV-VIS Spectrometers

The SP8-150 has reduced stray light at
220 nm of 0.01% and is fitted with a
red-sensitive photomultiplier for a
wavelength range extending to 900 nm.
Accessories include modular units for
first to fourth derivative and log A spec-
tra. The SP8-250 is microprocessor
controlled and has a double monochro-
mator with stray light below 0.0002%.
Both instruments feature master holo-
graphic gratings. Pye Unicam Ltd. 415
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UV-VIS Spectrometer

A UV-VIS spectrometer, for continuous
flow analysis and HPLC applications,
features flow cell path lengths to 100
mm, a 50-fold amplitier, spectral range
of 190-900 nm, and bandpass of 2 nm.
Accessories include automatic sam-
pler, temperature-controlled flow cell,
and digital printer. Lachat Chemicals,
inc. 412

Centrifuge

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

Particle Size Analysis

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

For more information on listed items,
circle the appropriate numbers on
one of our Readers’ Service Cards

¢ +ins %!

Ch C-R1A g data pro-
cessor leatures a thermal printer plotter, re-
cording of names of components, processing
of up to 339 peaks, processed exponential
signals from FPD (sulfur compounds), mea-
surement of peak heights, determining a cal-
ibration curve by the two-point method, and
{ ion function. Shi Sci-
entific Instruments, Inc. 402
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THE ANAIOMY OF A
QUALITY HPLC COLUMN

4 mm ID 316
stainless steel
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OF COURSE!

You can have complete confidence in
the performance of Bio-Rads HPLC
columns for the best of all possible
casons: we guarantee it. Specifically,
we guarantee column efficiency, peak
symmetry, and flow resistance. Fur-
thermore, every Bio-Sil* column comes
with a test chromatogram and a test
solution sample so that you can verify
performance yourself.
Bio-Rad offers a wide selection of col-
umns— all competitively priced— and
a wide choice of top quality pack-
ings including: ® Bio-Sil HP-10 for ad-
sorption @ Bio-Sil ODS-10 for reverse
phase ® Bio-Sil GFC 100 for exclusion
e Aminex® HP-C and Aminex A-9
for cation exchange ® Aminex A-27

.
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)

-
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FROM BIO-RAD,

for anion exchange ® A variety of cus-

tom packings for specific applications

(HPX-87 and HPX-42 for carbohydrate

analysis are two examples).

Request Bio-Rad Bulletin 1056 fer

details and our guide to HPLC column
raluation. Contact:

LR Laboratorice

2200 Wright Avenue
Richmand, CA 94804
Phone (415) 234-4130

Also in: Rockville Centre, N.Y.; Missis-
Vienna.




0.007A difference
an 2.6A background

DW-2a'™ Spectrophotometer

photometer.

applications needs.

With AMINCO’s DW-2a Spectrophotometer,
sample differences can lead to new research territories in
UV-VIS spectrophotometry. Qur painstaking improve-
ments in such parameters as photometric accuracy, sta-
bility, and system versatility extend your range of sam-
ple investigations and lead to substantial increases in
overall system performance. And, the DW-2a Spectro-
photometer’s built-in flexibility and wide variety of ca-
pability-expanding accessories — like the MIDAN Ana-
lyzer — ensure continuing adaptability to your special

New MIDAN ™ Microprocessor Data Analyzer
Enhances the Value of Data Generated by the

Now you can expedite analyses of compounds in mix-
tures, correct baselines automatically, and perform other
complex calculations using the new MIDAN Micropro-
cessor Data Analyzer Accessory for our DW-2a Spectro-

small

XK AMINCO
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Cancer—The
Outlaw Cell

Richard E. LaFond, Editor

An estmated 390,000 Americans will die
of cancer this year alone and one out of
every four will develop some form of this
dread disease within their kfetime

Staustics such as these show the need for
a book that will explain our current state of
the art in cancer research using simple,
straightforward, non-medical langua?e
Cancer — The Outlaw Cell successlully
fulfills this need by making the iatest ad-
vances in cancer research available to the
general public in a clear, non-technical
style that can be read and understood by
both the professional scientist and non-
scientist

Whitten by leading experts at the forefront
of their speciatties and profusely illus-
trated in color, this collection of articles
covers the great stndes that have been
made in understanding the causes of
cancer, how this disease is spread.
cancer as a biochemical problem, and
non-surgical modes of therapy

CONTENTS

Carcer — An Overview Henry C Piot o Tumor Growtn
ana Spread Isaiah J Fdler and Margare! L Kriphe o
Control of Ces Growth in Cancer. Athwr B Pardee and
Dava S Schnewer o Cancer as a Prodlem in
Deveiopment Amn C Braun e Fuuh’z’ﬂm of Cell
Surtaces David | Meyer and Max M
Cancer-Causing Chemucais £4zabeth K Wesdurger o
Cancer-Causing Radabon. Robert L Unch, J
Michael Holland and John B Storer e Cancer and
Viruses. Arnoid J Levine « ANA Tumor Viruses Robert
D Caraift « Herpesviruses — A Link in the Cancer
Chain, Anel C Holinshead and Wdiam A Knaus e

Immonotherapy of Human

and Evan M Hersh o Racaton Therapy. Diana F

Neison and Phap Rubn e Chemothetapy of Cancer

Joseph H Burchenal and Joan R Burchenal

'92 page (1978) clclhbcund $15.00
SBN 0 8412 0405-5

BN 0 84\2 0431-4

SIS/American Chemical Society
1155 16th St., N.W./Wash., D.C. 20036

192 pages (1978) pa

Please send copees of Cancer — The Outlaw
Cell
cloth $15 00 paper $8 50
(ACK 0405-5) (ACK 0431-4)
Check enclosed for § Ba me
Posipaid inU S and Canada. plus 75 cents elsewhere
Name
Address
Cy State Zp




WHO DID WHAT WITH
FLORISIL IN
OMATOG

HORISL |-

You can get this 60-page
chromatography bibliography
free for the asking from
Flondin It'll tell you exactly
why Florisil “ 1s widely used to
solve tough separation prob-
lems in column and thin
layer chromatography.

The bibliography includes

%

Florisil's chemical composi-
tion. physical properties and
adsorptivity data. And a list-
ing of who did what in chro-
matography with Florisil
Everything from Alkaloids to
Thiosteroids.

Free for all. Floridin's
Chromatography Bibliogra-

PROPERTIES
“w APPLICATIONS
BIBLIOGRAPHY

phy Contact Flondin Com-
pany. Dept A4. Three Penn
Center. Pittsburgh, PA

15235. Phone: (412) 243-7500

Elogidin

A Member of the ITT System
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NEW!

e Analysis & Monitoring
e Toxicology

¢ Radiation

UPDATED!

e Air

e Water

e Solid Wastes
e Pesticides

NEW!
UPDATED!
EXPANDED!

A totally revised edition of the
best selling single publication
ever produced by ACS

Cleaning Our
Environment
A
Perspective

The first edition of CLEANING OUR ENVIRONMENT, published in 1969,
quickly became the ACS all-time best-selling book. But, because this is
a changing world—especially in the environmental field—ACS has
completely revised and expanded this important work. The four original
topics (air, water, solid wastes, and pesticides) have been updated,
and coverage has been added in three new areas—analysis and moni-
toring, toxicology, and radiation!

If you are interested as a professional or as a layman, CLEANING OUR
ENVIRONMENT will bring you up to date on what is being done, what
can be done, and what will be done!

Even if you already have the earlier edition—you will want this important
and expanded revision! 457 pages. $9.50 paperbound.

Essential reading for:

® educators

® researchers

® |egislators

* administrators

* and a great refresher for
environmentalists

[ = = — — — — —— —— o — —— — —— — — —_——— ———y

Special Issues Sales
American Chemical Society
1155 Sixteenth Street, N.W.
Washington, D.C. 20036

|
|
I
|
|
| 104scoptes............ $8.50 each
|
|
|
|
L)

Please send me copies of CLEANING OUR ENVIRONMENT—A
CHEMICAL PERSPECTIVE

O My payment is enclosed (1 Bill me

Name

Address

City
State Zip code

e — — —————————————————————— ——————{— —t—
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incremental plotter
= Automatic selection of optimum
expansion on recorder for hqth Mhuu
& wave lengths 4
= Magnetic stirring of sample & reference
cuvettes, thermostatic control of

output.

T_FYtal readout of temperature and standard

LACHAT s
CHEMICALS, INC

INSTRUMENT DIVISION :
10,500 N. Port Washington Road
Mequon, Wisconsin 53092 USA

Tel: (414)241-3872  Telex: 269681 |

_ CIRCLE 125 ON READER SERVICE CARD

( The cAutoAnaIyzer )

iIs the standard

and cALPKEM
rebuilds the standard.

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

cALPKEM Corporation

14625 S.E. 82nd St,, Clackamas, OR 97015
503-657-3010 or 800-547-6275

*Trademark Technicon Corp.

.

—for liquid chromatography
column monitoring of
Fluorescence-labeled compounds

® MUCH GREATER SENSITIVITY
o SPECIFICITY OF MEASUREMENT

® NEWEST L.C. TECHNIQUE

More sensitive measurement
than UV or visible absorption
monitoring

More specific method of measurement be-
cause fewer compounds exhibit fluorescing
property e Fluorophors are stable for L.C.
uses e As little as 10 to 40 nanograms of

protein can be detected.

Call or write
Gilson Medical Electronics, Inc.
Box 27, Middleton, Wi 53562
Phone 608/836-1551 e Telex: 26-5478

Gilson Spectra/Glo Fluorometer

CIRCLE 2 ON READER SERVICE CARD
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 The smallestbalances
withthe largest seledion.

Sartorius1200MP.
Protected from obscolescence
with micro processors.

The only line of electronic top- micro processors as standard economical accessories for the
loaders offering... equipment - solution of weighing problems

all in one housing: an analytical integration into commercial data Find out more about this line of
balance with 0,1 mg readability as processing systems plus future orientated miniature balances
as a precision balance with connections to a wide variety of by requesting our 1978 catalog
3,7 kg weighing range -

Sartorius GmbH
P.0O.Box 19
D-3400 Gottingen
West Germany
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Deuterium Gas. Specitications and
principal uses of D, gas are defined in
a specification sheet. 2 pp. Liquid Car-
bonic Corp. 435

Isotopes Newsletter. Features the auto-

mation of mass spectrometric isotope

ratio measurements. 4 pp. Micromass
436

X-ray Absorption Analyzer. Operaticn
and specifications of the Model 720 are
outlined. 2 pp. Columbia S ific In-

P Yy Smart
printer and digital interface port are the

accessories described for the Cary 219
spectrophotometer. 4 pp. Varian 430

Semi-Q Accessory. The semiquantita-
tive analysis accessory for the EEDS-II
X-ray energy dispersive spectroscopy
system is described. 2 pp. EG&G Ortec
431

quuid Chromatography Methods De-

dustries Corp. 437

Chlorine Measurement System. Bulle-
tin F-1000 gives information on the use
of polarographic sensing technology

for measuring various species of Cl.

6 pp. Delta Scientific Products, Enviro-
tech Corp. 438

Vacuum Filtration Manifold. Simulta-
neous filtration of multiple samples for
individual analysis of filtrates, as well
as retained or membrane-bound

P The methods development
processes involved in attacking a liquid
chromatography separation problem—
column and detector selection, sample
pretr chr graphic optimi-
zation—are detailed. Solvent property
charts are included. 18 pp. Perkin-
Elmer

429

GCD Appl

(GCD-45) descnbes the GC-33 IR and

GC-55 UV detector. 6 pp. Perkin-Eimer
425

Manufacturers’
Literature

Sep Low-bleed high
s-llconerwbersepumclﬂod Thermo-
green LB-1 is described in bulletin 780

entitled "GC Septa.” 7 pp. Swelco
Inc.

X-ray fluorescence. Tefa lii, a tube-

excited energy-dispersive fluorescence
lyzer, is described in a broch

along with the advantages of the meth-

od in elemental assays. 16 pp. EG&G

Ortec 427

Valproic Acid. Bulletin 778 discusses
the use of SP-1000, a terephthalic acid
modified Carbowax, in analyzing val-
proic ac-dandotheralmepuepm:augs.
2 pp. Supeico. Inc.

Water Scale Analysis. Application note
on the analysis of water-formed scale
for major, minor, and trace elements
by energy dispersive X-ray fluores-
cence is available. 7 pp. EG&G Ortec
434

species, is described. 3 pp. Amicon
Corp. 439

Moisture Analyzer. Aquatest IV, a mi-
croprocessor-controlled titrator. is de-
scribed. 4 pp. Photovolt Corp. 440

Catalogs

TLC Products. A line of precoated TLC
plates and accessory items is available.
36 pp. Analtech, Inc.

Organic Chemicals. No. 50 data ser-
vice catalog includes price list on more
than 4000 chemicals. 224 pp. Eastman
Kodak 446

General Catalog. Over 9000 items for
industrial research, health sciences.
chemistry, agriculture, environmental
and air pollution control are described
in the 1979-80 edition. 468 pp. Cole-
Parmer Instrument Co. 447

Sclence Supplies. The 1979-80 edition
includes items on pH, pumps, and spec-
trometry accessories. 240 pp. Markson
Science Inc. 448

Flow Meters. Sets of data for a wide
varlety of flow meters, basic specifica-
tions, applications, and theory of tlow

. meters are given. 24 pp. Matheson In-
struments 449

The proofis in
the chromatogram.

When the quality is in the product, you can

read it in the chromatogram. Glenco sup-

plies a complete line of high-quality iquid

chromatography products:

© HPLC System |

* A complete line of prepacked HPLC
columns

® An exclusive line of classical LC columns

« High-quality packings, syringes and

ensers
Write for our new catalog.

Gy

Glenco Scieatific Inc.
The total LC supplier smce 1962

2802 White Oak Drive
Houston, Texas 77007
713/861-9123
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214nm
=+ Line
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Now available for instrumentation
applications requiring high intensity
short wave UV. The Z-800 PEN-RAY*®
Zinc Lamp was designed for OEM
application and is sized for retrofit in
existing instrumentation. lt's the first
! light source of its kind with a
- predominant spectral output at 214
k and 308nm.
« Stable, reproducible transmission
* Low noise in the output
 Highest available brightness of
the source
 Applicable for liquid chromatography
systems and air pollution monitoring
o equipment.
‘\[ Call or write today for more
information.
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Inthe five years since the first edition
was published, Hazards in the
Chemical Laboratory has become
established as a vital handbook in all
types of laboratory environment
Hcwever, over this pernod many
developments have taken place
which justify changes in scope and
emphasis

This second edition contains
completely new chapters on
Reactive Chemical Hazards, and
Chemical Hazards and Toxicology
The authors of the chapters in the
original volume have also brought
their contributions up-to-date in the
hight of changing attitudes and
legislative changes that are in
progress. The section dealing with
hazardous chemicals has been
greatly expanded so as to provide
detailed information on the
properties, warning phrases.
injunctions, toxic effects. hazardous
reactions, first aid treatments, fire
hazards and spillage disposal
procedures for all common
laboratory chemicals, together with
short notes on the hazardous
properties and reactions of several
hundred other less common
chemicals

Brief contents

Introduction. Health and Safety at Work
etc. Act 1974, Planning for Safety. Fire
Protection, Reactive Chemical Hazards
Chemical Hazards and Toxicology
Medical Services and First Aid
Hazardous Chemicals. Safety in Hospital
Biochemistry Laboratones. Precautions
Against Rad:ations

480 pages (1977) ISBN 0-85186-699-9
hardback $15.75

Distnbuted by The Amerncan Chemical Society!
Published by The Cherrucal Society

SiS/American Chemical Society

1155 16th St, NW /Wash . D C 20036
Please send copies of Hazaras in the
Chermcal Laboratory 2nd Eadilion at $15.75 per
copy

O Check enclosed lor $ (O Bill me
Postpaid in US and Canada, plus 40 cents
elsewhere

Name

Address

City State 2ip




Archaeological
Chemistry Il

Advances in Chemistry Series No. 171

Giles F. Carter, Editor
Eastern Michigan University

A symposium sponsored by the
Division of the History of Chemistry
of the American Chemical Society.

Beautitully ilustrated with 15 color plates
and pnnted on hugh-quality enameled
stock. this book highlights the great
stndes that have been made in under-
standing the ongin and distribution of
arct specimens d of
pottery, glass metal, bone. and pitch,
through the unfolding of new and
improved analytical techniques

Emphasis is on the histoncal knowledge
dernved from the chemical analysis and
investigation of vanous artifacts including
South American dyes. Egyptan glass,
ancient Near Eastern vory, Spamish
ceramics. Chinese bronzes. prehustonc
Amencan copper. and copper-based
Roman coins

CONTENTS

Perspectives and General Techniques: Chemastry

and Aichaecogy o Conservaton of Archasciogeal
Materais ¢ Radocarton Datng e Spark Source Mass

Collagen » Aming Acxi Racemization Datng of eon.
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of Earty EJ; yotan Giass e Spansh and Spansh-
Coionai Maokca Ceramics o Soapsione Arstact

e
150tope Ratos € the Manutacture of Pgments e Lead
Isolope Anayses and Sources of Ngenan Bronzes o
Ancent Chunese Bronze Compostons e Prefestonc
Copper Antacts e Chemucal Compostions of
Copper-Bases Roman Cons

pages (1978) Clothbound $46.00
6128 ISBN 0-8412-0397-0

No 138 Archa ical Chemistry |
254 pages (1974) Clothbound $29.00
1S/A i Chemical Society
1155 16th St., NW. Wash., D.C. 20036
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Archaeciogrcal Chem | . Archaeviogcal Chem #
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Solve your materials problems by

Surface Area
Pore Volume, Size

or Chemisorption

More R & D and QC labs worldwide use industry proven
Micromeritics instruments to measure physical properties of
materials than those of any other manufacturer.

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

Micromeritics instruments use the classic, volumetric, gas
adsorption (B.E.T.) technique employing a wide variety of
adsorbates including argon, krypton, water vapor, nitrogen,
or any non-corrosive gas.

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

[Ei micromeritics
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NISCOSITY

Avtomated Measumg Saves Lab Time.

If you measure viscosity with the capillary method, there's a SCHOTT AVS
System for you. If you don’t, maybe you should.

The tully automated AVS/PA will test up to 30 different samples without operator
supervision. Select the program and let it go! Vanable program capabilities
include: number of rinses, number of repeat measurements, test temperature,
sample temperature conditioning period, suction rates and more.
Standard-temperatures up to 150°C; High Temperature-up to 220°C. Measuring
accuracy 0.1% with a range up to 30,000cSt

Semi-Automated models also available. Building biock concept allows expansion

from basic unit to tully automated unit.
\ SEND FOR DESCRIPTIVE
COLOR BROCHURE NOW!
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Chemical and Biochemical Applications of Lasers, Vol. 4

Edited by C. BRADLEY MOORE

CONTENTS: A. Andreoni et al., Struclural Studies of Bio-
logical Molecules Via Laser-induced Fluorescence: Acri-
dine-DNA Complexes. B. E. Kohler, Site Selection Spec-
troscopy. A. Mathies, Biological Applications of Reso-
nance Raman Spectroscopy in the Visible and Ultraviolet
Visual Pigments, Purple Membrane, and Nucleic Acids.
R. P. Van Duyne, Laser Excitation of Raman Scattering
From Adsorbed Molecules on Electrode Surfaces. S.

Druetl and J.-P. Taran, Coherent Anti-Stokes Raman Spec-
roscopy. T. F. George el al., Theory of Molecular Rate
Processes in the Presence of Intense Laser Radiation.
R. L. Woodin et al., Multiphoton Dissociation of Gas Phase
lons Using Low Intensity cw Laser Radiation. J. E. Hearsl,
Photochemical Fixation of the Nucleic Acid Double Helix
Utilizing Psoralens

1979, aboul 403 pp., in preparation ISBN: 0-12-505404-1

Simplified Digital Automation with Microprocessors

By JAMES T. ARNOLD

CONTENTS: Automation, an Introduction. The Digital
Approach To Information and Processes. Elementary Digi-
tal Logic. Introduction To More Complex Circuils. The
Arithmetic Logic Unit. The Microprocessor. Micropro-
cessor Operating Systems. Completing the Automated

Additives for Plastics
Edited by RAYMOND B. SEYMOUR

FROM THE PREFACE: This two volumne treatise was pre-
pared by experts in the field lo supply basic information
of two sorts. The first volume consists of chapters to
provide the fundamentals behind the subjecl. Each chap-
ter in Volume 2 represents an expanded report of one
of the presentations at the first Additives for Plastics
Symposium sponsored by the Organic Coalings and
Plastics Division of the American Chemical Society which
was held at its National Meeting at Anaheim, California
in April 1977..Chapters on specific additives were written
by authors selected for their expertise in each phase of
additive technology. The use of different types of coup-
ling agents for fillers and plasticizers are discussed by
researchers in these phases of plastic technology. Stabi-
lizers for weather, fungal, heat resistance and resistance
lo ultraviolet radiation are also elucidated Colorants
which are most important esthetically are described. The
state of the art reports published in Volume 1 and the
research orienled reporls published in Volume 2 are of
vital interest to those who are, closely associated with the
plastics industry. Since additives are essential ingredients
of almost all piastics, the information presented in lhese
reports should be of inlerest to all who are concerned
with the design, fabrication, and use of plastics
VOLUME 1/STATE OF THE ART

CONTENTS: R. B. Seymour, Nonreinforcing Fillers for
Plastics. M. P. Wagner, Nalural and Synthetic Silicas in

System. Interface Devices and Auxiliary Circuils. An
Exercise Design For A Microprocessor Automated In-
strument System.

1979, $22.50 ISBN: 0-12-063750-6

Plastics. P. Hamed and A. Y. Coran, Reinforcement of
Polymers through Short Cellulose Fibers. J. H. Kietzman,
Asbestiform Fillers. J. V. Milewski, Whiskers and Micro-
fibers. E P. Plueddemann, Silane Coupling Agents. S. J.
Monte and G. Sugerman. Nonsilane Coupling Agents. R.
B. Seymour, Nonfiller Additives for Plastics. R. D. Deanin,
Plasticizers. E. L. Cadmus, Biocides. W. S. Castor, Jr.
and J. A. Manasso. Oplical and Other Effects of White
Pigments in Plastics. £. L. Weinberg, Heal Stabilizers.
R. P Levek Flame Retardant Additives for Plastics.

1978, 288 pp.. $17.50 ISBN: 0-12-637501-1

VOLUME 2/NEW DEVELOPMENTS

CONTENTS: A. B. Seymour, Advances in Fillers for Plas-
tics. J. V. Mifewski, The Science and Potentials of Micro-
packing. H S. Katz and L. Ehrenreich, Glass Fillers. M. P.
Wagner and M. Q. Fetlerman, Silica-Filled Ethylene-Vinyl
Acelate Resins R D. Dearnin, Recent Advances in Plasti-
cizers. E. P. Piueddemann and G. L. Stark, Effect of Addi-
tives on Viscosity of Filled Resins.S. J. Monte and G.
Sugerman Nonsilane Coupling Agents in Thermoplastics.
C. E. Carraher, Jr. et al Electrical, Solvent, Thermal, and
Fungal Propertics of Organotin-Containing Poly (Ethyl-
encimine) J. A. Manasso and W. S. Castor, Jr., Stabiliza-
tion ot Polylefins for Weather Resistance. R. J. Pierotti, Jr.
and R D. Deanin, Ultraviolet Stabilization of High-Impact
Polystyrene V. J Mimeauit, Colorants for Plastics.

1978, 137 pp. $9.50 [SBN: 0-12-637502-X

Liquid Chromatographic Analysis
of Foods and Beverages, Vol. 1

Edited by GEORGE CHARALAMBOUS

Proceedings ol a symposium organized by the Agricultural and Food Chemistry Division’s Flavor Subdivision
(American Chemical Sociely) on the occasion of the Joint ACS/Chemical Society of Japan Chemucal Congress,

Honolulu, Hawaii, April 1-6, 1979.

Modern hquid chromatography (HPLC) has progressed
over the past decade from a quasi-probationary stalus
fo a fulllledged analytical method with particular rele-
vance to the food and beverage field. It is a method
that often complements and somelimes supersedes gas
chromatography.

This book presents an update of practical and theoretical
aspecls of high performance liquid chromatography
(HPLC) providing contributions from industrial and aca-
demic experts from the Uniled States and abroad. It

shows how and why HPLC 1s now the method of choice
for the separation, quantitative determination, and identi-
fication (often coupled with mass spectromelry) of both
naturally-occurring and synthetic compounds of low vola-
tlity. Liquid Chromatographic Analysis ol Foods and
Beverages will benefit agnicultural and food chemists,
food scientists and technologists, packing and quality
control speciahsts, flavorists and fragrance manufac-
turers and advanced students in these and related fields.
1979, 420 pp.. in preparation ISBN: 0-12-169001-6

Send payment with order and save postage and handling charge. Prices are subjec! to change without notice.

ACADEMIC PRESS, INC.

A Subsidiary ol Harcourt Brace Jovanovich, Publishers
111 FIFTH AVENUE, NEW YORK. N.Y. 10003
24-28 OVAL ROAD. LONDON NW1 7DX
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Laser and
Coherence
Spectroscopy

Edited by Jeffrey L Steinfeld

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

Reviewed by J. M. Harris, Dept. of
Chemistry, University of Utah, Salt
Lake City, Utah 84112

The introduction of the laser to the
field of infrared and optical spectros-
copy has had a significant influence
on new directions in chemical anal
Most analytical applications of the
laser have, however, exploited only the
high power per unit bandwidth and
spatial coherence of the source to
achieve lower detection limits and
higher spectral resolution. This book
considers an area of laser spectrosco-
py, which has generally been over-
looked by analytical chemists, where
the combined spatial and temporal co-
herence of laser radiation makes pos-
sible the coherent excitation of atomic
and molecular energy states. Such ex-
citation gives rise to optical analogues
of familiar phenomena in magnetic
resonance spectroscopy, such as dou-
ble resonance, nutation, free induction
decays, and echoes. Although the ob-
servation of these events is usually
confined to low-pressure gases or low-
temperature solids where the time
scale for dephasing collisions or ther-
malization can be long compared to
the period of the Rabi frequency, the
additional information obtained on
the dynamics of spectroscopic transi-
tions, excited state relaxation, and
spectral assignments will undoubtedly
generate considerable interest among
analytical spectroscopists.

In the first chapter, J. L. Steinfeld
and P. L. Houston discuss double-res-
onance spectroscopy, where one radia-
tion field probes the internal state dis-
tribution of an absorbing system

which has been perturbed by a second
intense radiation field. A broad review
covering microwave, infrared, and op-
tical pumping with detection by mi-
crowave, infrared, or optical probing
is presented. Optically detected mi-
crowave and infrared double reso-
nance, in particular, are methods
which have unique promise since they
combine the selectivity and high reso-
lution of rotational and vibrational
spectroscopy with the sensitivity of
laser-induced fluorescence. A well-
written section on instrumentation in
this chapter covering radiation
sources, signal detection, and en-
hancement serves as background for
the entire volume. T. G. Schmalz and
W. H. Flygare, in the second chapter,
consider coherent transients in the
microwave region which have led to
the recent development of a Fourier
transform microwave spectrometer.
T'his approach eliminates power
broadening while providing higher
sensitivity and higher Stark voltages
for transitions with small dipole mo-
ments compared with continuous
wave methods. Chapter 3, by R. L.
Shoemaker, covers coherent transients
in molecular vibrational transitions
through a clear discussion of free in-
duction decay and echoes. C. B. Harris
and W. G. Breiland, in Chapter 4, dis-
cuss coherent phenomena in electroni-
cally excited states, with a particular
emphasis on the study of zero-field
spin sublevels of excited triplet states.
‘I'he tinal chapter, by F. A. Novak
M. Friedman, and R. M. Hochstr.
concerns coherent and time-depen-
dent effects on resonant light scatter-
ing by molecules. T'he relationships
between resonance Raman scattering
and resonance fluorescence are con-
sidered in detail.

Overall, this volume is well written
with a balanced presentation of theo-
ry, experimental detail, and results.
Current literature is cited through
1976. Much of the theoretical material
is repeated in Chapters 2-4, which
would have been more effectively con-
solidated into an introductory chap-
ter. The tabular presentation of dou-
ble resonance results in Chapter 1 is
a useful format which was disappoint-
ingly not used in other chapters. Gen-
crally, analytical spectroscopists
should find this book a helpful review
of coherent excitation phenomena

er,

Books

and, perhaps, a source of ideas for new
approaches to spectroscopy.

Computers in Mass Sp« try. J.
R. Chapman. x + 265 pages. Academic
Press, Inc., 111 Fifth Ave., New York,
N.Y. 10003. 1978. $9.80

Reviewed by D. H. Smith, Analytical
Chemistry Division, Oak Ridge Na-
tional Laboratory, Oak Ridge, Tenn.
37830

This is an excellent book. The
layout is logically conceived, and each
topic in turn is lucidly and concisely
described by the author. The intent
of the book is to cover all applications
of computers to mass spectrometry
from the software point of view. Com- -
puter programs are described in some
depth, but no attempt is made to
cover the details of electronic interfac-
ing. The book is written with the spe-
cialist in mind, but can be read with
advantage by any scientist concerned
with data taking and processing.

The heart of the book concerns ac-
quisition and processing of organic
mass spectral data, for it is here that
computers pay the biggest dividends
to the analyst, both in terms of time
saving and in terms of retrieval of in-
formation that would be impossible
to obtain otherwise. Each major ap-
proach to data processing (library
search, pattern recognition, and spec-
trum interpretation) is described in
enough detail to give the reader a real
teel for the problems involved and an
appreciation of the ingenuity required
to solve them.

The problems of spark source mass
spectrometry are well covered in short
sections in relevant chapters. An in-
troduction to quantification of mass
spectral data (organic and spark
source) comprises the final chapter of
the book.

Of particular value are the sum-
maries at the end of each chapter,
which are helpful to the nonexpert in
placing its contents in context. Figures
and tables are well chosen. References
are thorough and are an excellent
suide to further reading on any topic
covered in the book.

T'here are, naturally, a few nits to
pick. Use of acronyms, not infrequent-
ly betore they are defined, is rampant
and occasionally leads to such visually
ambiguous combinations as MSs
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(mass spectrometers). Use of commas
is erratic, causing this reader to re-
read numerous sentences. Terms in
equations could occasionally be better
defined.

These are unimportant in light of
the overall quality of the book. It ful-
fills a worthwhile function in bringing
together descriptions of the principal
applications of computers to mass
spectrometry. As such, it belongs in
the library of any scientist even'pe-
riphkerally involved in the area.

I k of Chemical Mi py.
2nd ed., Vol. 2, Chemical Methods and
Inorganic Quantitative Analysis. E. M.
Chamot and C. W. Mason, xi + 438
pages. John Wiley & Sons, Inc., 605
Third Ave., New York, N.Y. 10016.
1940. $27.50

Reviewed by A. C. Reimschuessel, Al-
lied Chemical Corp., Box 1021 R,
Morristown, N.J. 07960

The *Handbook of Chemical Mi-
croscopy,” 2nd ed., Vol. 2 by the late

(

Both LC units employ rugged, modular
GOW-MAC design for reliable operation.
The basic Model 80-500 offers pulseless
solvent delivery with a constant pressure
pump (300 ml capacity to 1000 psi), a
modular design for uniform manual injec-
tions, column holder, complete with 20
micron Silica Gel column, and reliable 254
nm, low volume (8 ul) UV detector. Only
$1750.

The high-performance Model 80-600
offers a continuous solvent delivery system
with constant volume, variable flow-rates
from 0.5 cm® min! =5 cm? min™' witha low
dead volume damping system. Pressures
£0 10 3000 psi.For highly reproducible in-
jections, u six-port rotary valve, modularly
designed into column and detector system.

|

~

The 80-600 has a 10 micron Silica Gel
column and a 254 nm, low volume (8 ul)
UV detector. $3245.

Other detectors, columns and accessories
are available. In addition, cach unit ship-
ped comes with a useful book, Elementary
Theory of Liquid Chromatography with
Bibliography and Experiments. For further
information, inquirc.

Fo)

GOW-MAC INSTRUMENT CO.
P.0. Box 32, Bound Brook, NJ 08805
Telephone: 201/560-0600
Shannon Free Airport, Co. Clare, Ireland
Telephone: 61632 Telex: 6254

J
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E. M. Chamot and C. W. Mason—pro-
fessor emeritus, Cornell University,

is a reprint of the revised 1940 edition.
As a classic text it is a valuable source
of information for any student of mi-
croscopy. Of particular interest, espe-
cially for the novice in microscopy, are
chapters I, 11, and XIII, that deal with
general subjects such as “Manipula-
tive Methods,” “Methods of Applying
Reagents,” and “Sampling and Physi-
cal Examination.” Both the study and
practice of these techniques will with-
out any doubt be beneficial to any mi-
croscopist.

Chapters 111-XII deal with the ac-
tual chemical analyses—the detection
of cations and anions—and represent
a thorough treatise of classical micro-
scopical chemical analyses and indeed
provide a handy reference and guide
for the interested user. The terminolo-
gy used to describe the reaction prod-
ucts is lucid, and the respective micro-
graphs are excellent illustrations of
the morphology of corresponding com-
pounds. In short the didactics of the
book are outstanding.

The classical methods described are
still of great value, especially when ap-
plied to the detection of light elements
such as Li and Be. However, this re-
viewer is disappointed that the
present edition has not been revised
to include significant new develop-
ments and advances in chemical mi-
croscopy that have taken place during
the past 20 years. Particularly missed
is a discussion of techniques such as
scanning electron microscopy in com-
bination with both X-ray fluorescence
analysis and secondary ion mass spec-
trometry, scanning transmission elec-
tron microscopy including electron en-
ergy spectroscopy, and scanning auger
spectroscopy, because these tech-
niques offer not only identification
but also direct imaging of low and
high atomic number elements. A text
without adequate treatment of these
methods can unfortunately not be
considered up-to-date. This reviewer
hopes that any following edition will
be characterized by the inclusion of
these new developments.

Pollution Evaluation: The Quantitative
Aspects. W. F. Pickering. v + 199
pages. Marcel Dekker Inc., 270 Madi-
son Ave., New York, N.Y. 10016. 1977.
$16.50
Reviewed by R. K. Stevens, EPA, En-
vironmental Sciences Research Labo-
ratory, Rescarch Triangle Park, N.C.
27711

‘This book constitutes a brief intro-

duction to pollution evaluation and
an introduction to the principles of
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Handbook of
NMR SPECTRAL
PARAMETERS

W. Briigel

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

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

Ideal for: Rapid elucidation of the structure of a compound from NMR data; Finding
* comparative values easily and quickly, in contrast to reference spectra; Simplifying
the investigation and formulation of new compounds
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searches by giving over 1,800 references
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chemical analysis and statistics that
are useful in activities of this kind. In-
cluded are chapters on the evaluation
of land, water, and air pollution. The
initial chapter treats the legal aspects
to be considered in the course of plan-
ning a sampling program and the va-
lidity of data to be derived. The final
chapter covers preconcentration (to
improve sensitivity), masking (for in-
terferences), and the selection of suit-
able methods. In all, a large subject

is dealt with rather compactly in 188

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

The publisher claims that the book
is unique in that it combines pollution
evaluation methods and the basics of
supporting analytical techniques in
one volume. To accomplish this dual
theme, the author presents alternate
subject material in successive chap-
ters. The odd-numbered chapters dis-

The symbol of excellence since 1959
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Residue-Free Solvents
' from Burdick & Jackson

- Purified to the exacting requirements of
gas chromatography, liquid chromatography
and spectrophotometric analysis.
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o-Dichlorobenzene
Dimethyl Acetamide
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beta-Phenethylamine
Propanol-1
Propanol-2
Propylene Carbonate
Pyridine
Tetrahydrofuran
Tetramethyl Urea
Toluene
Trichloroethylene
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cuss pollution evaluation methods as
well as the environmental factors to
be considered. The even-numbered
chapters discuss the fundamental
principles of the analytical techniques
referred to in the preceding chapter
on evaluation.

The analytical topics are treated
with differing degrees of emphasis and
detail. The sections on the principles
underlying gravimetry and titrimetry
(redox and acid-base), although con-
cise, are quite inclusive of fundamen-
tals and are profitable reading. The
descriptions of spectroscopy, gas chro-
matography, HPLC, and activation
analysis, by comparison, are less ex-
tensive in scope. Those readers, who
will want to explore these topics fur-
ther, will not find a list of suggested
reading material at the close of this
chapter. The reviewer assumes that
additional information (on these
subjects) may be gleaned from the
texts listed in the final chapter of the
book.

Other serviceable techniques for
pollution studies are introduced in the
(odd numbered) chapters on air and
water. The methods described are IR
spectroscopy, atomic absorption (and
flame emission), polarography, anodic
stripping voltammetry, coulometric
methods, potentiometric methods
with ion-selective electrodes, and col-
orimetric methods. These chapters
fulfill their prime purpose in dis-
cussing the methodology of pollution
studies, planning and execution and
are finished off with reading lists.

The book is largely free of typo-
graphical errors indicating that it has
been proofread with some care. A few
errors, which affect the sense of the
text, are noted below: On page 138, in
the paragraph describing self-absorp-
tion of emitted radiation, the fol-
lowing statement appears: At any
time the number of atoms in the
ground state (N,) greatly exceeds the
number of excited states, and as the
total concentration increases, the
probability of emitted radiation meet-
ing lower energy atoms before enter-
ing the dispersion system is markedly
increased. The ground state atoms ab-
sorb characteristic emission ... ." The
intended sense of this statement is
somehow thwarted.

Additionally, in the listing of com-
ponents of cigarette smoke on page 54,
“benzopyrin” would read more fami-
larily as benzopyrene. The listing of
another component as “butadione”
creates an ambiguity. Did the author
intend butadiene or butanedione (di-
acetyl)?

In the course of discussions of spec-
troscopy, the author employs the







A new range of UV/visible
Spectrophotometers

Pye Unicam have many spectroscopic ‘firsts’ to Ourcomplete range now benefits from the
their credit and now we introduce two more increased performance of master, blazed
technological breakthroughs, pioneered inourown  holographic gratings and the durability
laboratonies. conferred by silica coated optics.

SP6 Series

ulmpmvedperfonnance
Cilmy
195 or 325—‘IOOOnm
I Meter or digital display
i Colour-coded controls
CJ Automatic drift compensation
Thsh»ghlypowlarrangeafsnglebeamspectmphotornewsns
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The SP6 is available as four low-cost

wm..k ice of visible or UV/visibl g et
digital display. . R Hed
aﬂowtheunsmnerﬁstobeusedmmspeedammwm
by inexperienced operators. Their proven high reliability and
rugged construction make the SP6 the perfect ‘workhorse’

forany

around the world cz testify. Circle No. 110

SP8-100 and SP8-150

[J Double beam scanning

CIHigh performance

] Synchroscan recording principle

CIFlexible, modular design

[ Vast accessory range

TheSPB-ﬂJO has rapidly es'abhshed itself as a truly versatile
UV with very simple
operation. As part of our policy of continuous product
improvement, itis now offered with higher guaranteed
performance and the SP8-150 is added to the range with an
extended wavelength range and even better specification.
Circle No. 111

perfom\amecouldomybesgmﬁmnﬁybenuedbydouble
monochromator instruments. That's still true, but with the
introduction of the SP8-250 and its double, master holographic
monochromator, there’s no need to look beyond the Pye Unicam
range for the ultimate in low stray light levels. Both instruments
haveﬂmhﬂlmngeofdmdﬂs.mspeeds,d\anexpamm
and other faciliti per
sp&:tmphotomm Cm:le No. 112
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York Street Cambridge England CB12PX
Telephone (0223) 58866 Telex 817331

Printed in England 7061.06.3011.11




GAS CHROMATOGRAPHY

Capillary chromatography:
Pye Unicam know-how
solves your
separation problems.

Our full range of capillary columns and injection systems,

including splitiess, splitter and the superior Grob system,
is backed as always, by the Pye Unicam reputation.
Write to us at the address below or use the reader service card

to send for our brochure ‘Capillary Columns and Injection

Systems' detailing their use for the most demanding of
separations and explaining the advantages over the use

of conventional packed columns

Manutacturers of the 204 chromatograph and the LC-XP liquid chromatograph

Pye Unicam

A SCIENTIFIC INSTRUMENT COMPANY OF PHILIPS

York Street, Cambridge, England CB12PX

Telephone (0223) 58866 Telex 817331
CIRCLE 97 ON READER SERVICE CARD




AUTOMATIC CHEMISTRY

Pointersto
better water analysis

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

They are part of Pye Unicam's AC6 Water
Analysis System which is like no other
becauseitworks onadiscrete rather thana
continuous flow principle. Take a look at
some of the points in its favour.

1ACS6results emerge directly in concentration

at the rate of 240/hr. - faster than continuous
flow systems, even in three channel form

3Numbered and coded racks guarantee
positive sample identification. Atany one
time 100 samples can be loaded into the
AC6 and the system genuinely leftto geton
withiits job.

4 Exclusive 'VoluKey'syringe programming
gives analysis changeover times of less than
five minutes.

5 Pye Unicam method sheets demonstrate
the unparalleled fiexibility of the system —

sample cup for each sample solution keeps
cross contamination to a minimum

7 Various sizes of sample and disposable
reagent syringes ensure a wider analytical
range and improved precision compared
with peristaltic systems

9 The complete AC6 Water Analysis System
—-quite simply, it offers increased performance
and versatility at lower cost

Forour brochure write,'phone or use the

and its simplicity of operation

2Choice of Flowcells makes analytical reader reply service card today.

ranges more flexible.

6/8 Separate test tube and disposable

1 )

==

PHILIPS

Pye Unicam

A SCIENTIFIC INSTRUMENT COMPANY OF PHILIPS

York Street Cambridge CB12PX England
Telephone (0223) 58866 Telex 817331
CIRCLE 98 ON READER SERVICE CARD
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ATOMIC ABSORPTION SPECTROPHOTOMETRY

Flame or flameless, System SP9 has
the microprocessor power and
flexibility to solve your AA problems

System SP9 has

Computer Data Handling

to give

@ Calibration with up to 5 standards

@ Precision calculations and Running
Mean

@ Peak height or peak area

Aren’t you glad you waited |
before buying your newA A?

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

And System SP9 has
automation

via the world's most flexible flame and
flameless autosamplers.

System SP9 has aunique

Video Furnace Programmer

providing

@ Display of set parameters and status.

@ EAROM storage of 10 furnace
programs

@ Temperature or Voltage control

Now you've no need to wait any
longer. Write, ‘phone or use the reader
reply service for further information
on System SP9, the most cost
effective AA system available.

=

PHILIPS

CIRCLE 99 ON READER SERVICE CARD

Pye Unicam

A SCIENTIFIC INSTRUMENT COMPANY OF PHILIPS

York Street Cambridge CB12PX England
Telephone (0223) 58866 Telex 817331
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A new level

in HPLC
sophistication
and simplicity.




Micromeritics proudly introduces its new
7500 microcomputer-based Liquid
Chromatograph—a beautiful blend of
engineering sophistication and operating
simplicity.

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

Simple keyboard entry

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

Total analysis reporting

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

Total automation

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

Other advanced design features

The new 7500 also has an all new Ternary
Solvent Mixer for more accurate and
reliable low pressure solvent blending; a
precision heated column compartment for
faster more stable analysis; a new

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

pulseless solvent delivery system; and a
choice of three detectors—variable
wavelength, fixed wavelength or
refractive index.

Available as components, too

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

To learn more about the many features
that separate the new 7500 from all the
other HPLCs on the market, contact
Micromeritics Instrument Corporation,
5680 Goshen Springs Road, Norcross,
Georgia 30093 USA (404) 448-8282 TELEX:
70-7450.
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Listen world. . .
it’s time to clean up your act

Environmental Science & Technology

SHOWS WHAT CAN BE DONE, WHAT MUST BE DONE, AND HOW TO DO IT!

Environmental clean-up is not only a good idea — it is the
law! And ENVIRONMENTAL SCIENCE & TECHNOLOGY
gives you the practical, hard facts you need on pollution and
control, covers techniques, feasibility, research, equipment
(including products, services and supplies) as well as case
histories.

Essential reading for businessmen, scientists, legislators,
governmental executives, builders, manufacturers and the
academic world, ENVIRONMENTAL SCIENCE & TECH-

NOLOGY covers a broad range of information from what is
going on in research labs to how-to-put-it-to-work in the real
world. Also included is up-to-date news of current and pend-
ing governmental regulations, industry trends, meeting guide,
technology reports and much more!

Your Guarantee:
You may cancel your subscription. any time you are not
pleased and you will receive a refund, in full, for copies still due.

& Technology, American Chemical Society
1155 Sixteenth Street, N.W., Washington, D.C. 20036
YES, | want to keep up-to-date on the hard facts of environmental clean-up. Please enter my subscription
to ENVIRONMENTAL SCIENCE & TECHNOLOGY as follows:

*ACS Member subscription, |-year
Non-member subscription, |-year

us Forergn
0 $1600 [ $22.00
[0 $24.00 [ $30.00

Institution, Company or Library subscription, |-year [J $64.00 [J $70.00
Please specify: [0 Hard copy, or [0 Microfiche Toll Free: New Orders: 00— 638-2000
O Payment enclosed. O Bill me. (1 Bill company. Md. only 301—949-1551

Name — —_Tide -

O Home
Address O Business
City, State, Zip = = i
Aliow 60 days for your first copy to be put in the moil.
*ACS Member rates are for personal use only.




Solve Your
Materials Problems

Aore R&D and QC labs use

JAicromeritics proven, precision

nstruments to measure physical

yroperties of material than those

»f any other manufacturer in the world. These
measurements include:

Automatic particle size distribution gives rapid
1 analysis from 100 to 0.1 ym diameter and

500 to 38 ym diameter.

Manual and automatic physical adsorption

for B.E.T. surface area from 0.001m2g up;
adsorption and desorption isotherms; pore

structure (volume, size and shape) from 600 to

20A diameter.

M and aut icch ption measures
3 active material availability; percent metal
dispersion.

Ways

diameter; density, surface area and average particle size.

Couter Emcironcs PTY Lad
Trarsvas
Soun

Anca
Tewcrone 8052046 55 %6
ARGENTINA

Y
4 measures pore
structure (volume, size and
shape) from 354 to 0.0035um

M ani ic density determines absolute
5 volume to = 0.02cc.

t ysis to study
'Iocculahon and dispersion; pamcle liquid
systems behavior; zeta potential.

We also invite you to use our complete Materials
Analysis Laboratory Services. Let us show you how
to solve your material problems. Call or write
Micromeritics Instrument Corporation, 5680 Goshen
Springs Road, Norcross, Georgia 30093. US.A.

(404) 448-8282. Telex: 70-7450.

[@i micromeritics
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...for the
innovative
_ chemist >

CHEMTECH

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

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

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

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

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

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

CHEMTECH

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

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

u.s. Foreign**
ACS Member® 0 $17.00 0 $21.00 1979
Nonmember, personal 0O $25.00 0 $29.00
Institution 0 $85.00 [ $89.00
Students o

O Payment enclosed. (Payable to American Chemical Society)
O Billme. O Bill company.

Name _ .

Title __

Organization __ _— —

+Address —

City, State, Zip = e —
"Member rates are for personal use only.

**Payment must be made in U.5. currency by international money order, UNESCO coupons,
U.S. bank draft or order through your book dealer 00341

Q2
I
I
I
I
I
I
I
I
I
I
I

$ 8.50 0 $12.50 |
|
|
I
|
I
|
|
|
|
|

I
|
|
I
|
|
I
I
1



For Creative

Chromatography
Specify
Spectra-Physics.

SP 4100: the first intelligent integrator

Our new single-channel SP 4100 Computing Integrator is
really sophisticated, and yet costs far less than other units

BASIC programmability is
standard—You can use SP

with fewer features. SP 4100 is easy to use—plug it in, touch a 4100’s extensive capability
button, and you get Area and Area % report. If you want more, and flexibility to fit your

it has truly intelligent dialog—it asks only relevant questions individual needs.

for the data manipulation you want. Dynamic integration is

standard—automatic integration with dynamic evaluation of

parameters will integrate each peak optimally.

Let us show you how SP 4100 can help you do more creative

chromatography. It's what you'd expect from Spectra-Physics,

Programmable X-Y plotting—
the company that invented the computing integrator.

You can enhance your data
presentation with graphs
such as this multileve!
calibration.

USA headquarters:
Spectra-Physics
2905 Stender Way,
Santa Clara. CA

=l=) M 200.
yuo.

Or call onc of our
jonal US sales

.r_f"‘

offices
Midwest (T1L):
(312) 956-0882
as.
. 0.
25

é

Mid-Atlantic (Md.)

(301) H45-7333
East (NJ.):

-
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Sce SP 4100 in
Booths 832
and 931 at the
Pittsburgh
Analytical
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LIF-0-GEN®
SPECIALTY GASES

Lit-O-Gen" is a leading specialty gas manufacturing
company with total capabilities in processing a broad
range of high purity research gases, primary gas
calibration standards, and gas mixtures as well as a
complele line of gas handling equipment,

ation and ytical devices.
For particular gases or equipment fo meet your own
special requirements, please write or phone Lif-O-Gen ",
Specialty Gas Depariment, P.O. Box 149 Woods Rd.,
Cambridge, Maryland 21613 (301) 228-6400
TWX: 740-865-9652

LIF-0-GEN= OFFERS
« Pure Gases « Gas Mixtures « Gas Handling Equipment
« Gas Chromatographs « Electronic Gases « Pollution
Monitoring Gases « Calibration Gases « Complete
range of refillable and disposable aluminum and steel
cylinders « Lit-O-Gen- Gas Encyclopedia, the most
complete and advanced encyclopedia
of its kind in the world

A0y

) uroeN

PO. Box 149, Woods Rd.
Cambridge, Maryland 21613

A Subsidiary of Liquid Alr Corp. of North America

Copyright 1979, Li-O-Gen"

prevent vacuum leaks . .. stop laboratory glass-

ware breakage use AP|EZON
GREASES ¢ OILS « WAXES

Apiezon lubricants are especially formulated for use with
high vacuum laboratory equipment. These easily applied,
high purity, low vapor pressure, stable products are resistant
to organic solvents, most chemical vapors.

GREASES—anti-seize greases which eliminate costly break-
age: for high vacuum use down to 5 x 10-'' torr at 15°C and
moderate vacuum use to 10-' torr. They won't leach out of
ground glass joints or stop cocks.

OILS—ideal as vapor diffusion pump fluids. They greatly
minimize the need for a cold trap, permit maximum pumping
speeds, reduce operating and maintenance costs.

COMPOUND Q: a low cost, putty-like, versatile sealant.
WAXES—for sealing vacuum joints more permanently.

Wlile or call for your free copy of Bulletin 43a
(.Y 2Ames c. BiooLE co.
—

/f_

Phone: (215) 646-9200 a3

Plymouth Meeting, Pennsylvania 19462
e
CIRCLE 26 ON READER SERVICE CARD

CIRCLE 217 ON READER SERVICE CARD
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THE WIDEST SELECTION
OF HIGH-PRECISION
SPECTROPHOTOMETER CELLS
Available in glass. special glass, quartz. matched sets. and
speclals!

ALL FUSED CONSTRUCTION

¥

Battery-Driven

Write or phone for catalog Micro-Cuvette Strrer

PRECISION CELLS, INC.

560 SO. BROADWAY, HICKSVILLE, N.Y. 11801 « (516) 938-7772
CIRCLE 174 ON READER SERVICE CARD
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Books

usage, “infrared radiation which is
sorbed” or “molecular sorption” of ra-
diation. This is uncommon usage at
best.

This reviewer prefers that tech-
niques be identified by their distinc-
tive names. In this volume some (im-
portant) techniques are unlabeled. It
is the author’s option to determine
how limited or rudimentary the de-
scription should be, but naming the
technique will help the interested
reader to find information from other
sources. In the section on statistics the
author apparently introduces Stu-
dent’s ¢ test but without a label. In an-
other chapter the application of per-
meation devices to the calibration of
monitors is nicely described, but there
is no indication that these devices are
called permeation tubes. The opera-
tion of the carbon monoxide monitor
described in the section on air pollu-
tion is apparently based on the gas fil-
ter correlation cell. This is not indicat-
ed, however.

Nevertheless, the book is neatly ar-
ranged and reads smoothly. The vol-
ume would serve for an orientation in
pollution evaluation for the practicing
chemist.

New Books

Trace Element Analysis of G

greater than that of instrumentation-
oriented textbooks. Volume one con-
tains chapters on gas chromatography;

Materlals. R. D. Reeves and R. R. |
Brooks. x + 421 pages. John Wiley &
Sons, Inc., 605 Third Ave., New York,
N.Y. 10016. 1978. $27.50

This book is volume 51 in the series
of chemical analysis that covers the
sequence of processes necessary in the
analysis of geological materials. Sam-
pling techniques and the physical and
chemical methods of sample pretreat-
ment are discussed. The analytical
methods used include gravimetry and
titrimetry colorimetry and fluorimetry
atomic emission, atomic absorption
and fluorescence, X-ray emission, ra-
diometry and radioactivation, elec-
troanalytical, and mass spectrometry.

Physical Methods in Modern Chemical
Analysis. Vol. 1. Theodore Kuwana, Ed.
x + 320 pages. Academic Press, Inc.,
111 Fifth Ave., New York, N.Y. 10003.
1978. $33

This series contains chapters writ-
ten by specialists on selected analyti-
cal methodologies at a depth level

principles, instrumentation, a; plica-
tions, scope, and structural problems
of mass spectrometry; fluorescence
and atomic absorption spectrometry;
and flame and plasma emission analy-
sis methods.

Patent Policy: Government, Academic,
and Industry Concepts. Willard Marcy,
Ed. x + 173 pages. American Chemical
Society, 1155 16th St., N.W., Washing-
ton, D.C. 20036. 1978. $19

This is number 81 in the ACS Sym-
posium Series based on a symposium
at the 175th Meeting of the ACS in
Anaheim, Calif., March 13-14, 1978.
The 13 chapters present historical in-
sights along with an overview of the
success of existing patent policies in
providing a way to reward all of the
parties at interest while safeguarding
the public. Specific questions and an-
swers concerning government, aca-
demic, and industry concepts are pre-
sented along with approaches that
may enhance the usefulness of the
patent system in the future.

THINK

BAUSCHG LOMB
PRODUCTIVITY

When your laboratory work requires maximum cost efficiency,
testing accuracy and total output—think BALPLAN® Microscope

productivity.

BALPLAN® Microscopes are specifically designed to meet the
demands of a busy lab schedule. Each microscope features i
distortion-free, wide, flat fields that reduce viewing fatigue .
and the errors that might follow. All controls are conveniently
positioned for comfortable operation, and the bright, white b
light of tungsten-halogen illumination offers the best look yet

at any specimen. It all adds up to a hard working microscope

that will increase the productivity in your lab. And worldwide M
Bausch & Lomb servicing is your assurance that BALPLAN |
Microscopes will stay on the job each and every
day for many years to come. Write today for a de-
tailed catalog or a BALPLAN demonstration. THINK
BAUSCH & LOMB ... . Productivity since 1874,

BAUSCH& LOMB (@
Soentiic Optical Products Dvsion

Rochester, New York 14602 USA
716-338-6000, TWX 510-253-6189
TELX 97-8231, CABLE: Bausch & Lombd

In CANADA: Bausch & Lomb Canada Lid . 200! Leslie Street,

Don Mills, M3B2M3, Ontano, Canada, (416) 447-9101

CIRCLE 28 ON READER SERVICE CARD

for the Bausch & Lomb Dealer nearest you

Consult Yellow Pages under “Microscopes™ ™



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

This edition features in-depth ma-
terial on thermodynamic properties,
the elements and selected organic
compounds, recommended symbols,
formation constants, acid dissociation
constants for organic compounds, con-
version factors including SI units, and
mathematical and statistical relations.

Analysis of Airborne Particles by
Physical M ds. Hanns Mali and
J. W. Robinson, Eds. 301 pages. CRC
Press, Inc., 2255 Palm Beach Lakes
Blvd., West Palm Beach, Fla. 33409.
1978. $64.95; $74.95, outside USA
The analytical procedures include
X-ray fluorescence, emission, atomic
adsorption, radioactivity measure-
ments, spark source mass spectrome-
try, neutron activation, electron and
ion probe microanalysis, X-ray dif-
fraction, IR, and thermoanalysis.

Continuing Series

Progress in Nuclear Magnetic Reso-
nance Spectroscopy. Vols. 10 and 11.
J. W. Emsley, J. Feeney, and L. H. Sut-
cliffe, Eds. vii + 766 and vii + 298
pages. Pergamon Press Inc., Maxwell
House, Fairview Park, Elmsford, N.Y.
10523. 1978. $80 and $40

Volume 10 contains articles on the
through-space mechanism in spin-spin
coupling; application of density ma-
trix theory to NMR lineshape calcula-
tions; spin-spin coupling and the con-
formational states of peptide systems;
and fluorine coupling constants. Vol-
ume 11 contains review articles on cal-
culations of nuclear spin-spin coupling
constants: quantitative applications of
C NMR; dynamic ¥'C NMR; NMR
spectra and structures of organotin
compounds; semiempirical calcula-
tions of the chemical shifts of nuclei
other than protons; dynamic ¥C
NMR spectroscopy of metal carbon-
vls; and deuterium magnetic reso-
nance, applications in chemistry,
physies and biology.

Analytical Methods for Coal and Coal
Products. Vol. 2. Clarence Karr, Jr., Ed.
xvi + 669 pages. Academic Press Inc.,
111 Fifth Ave., New York, N.Y. 10003.
1979. $55

Volume two is divided into four
parts: structure, minerals in coal, coal
carbonization products—coke, pitch,
and coal combustion products. Theory
and the practical laboratory detail of
the various analytical methods are
presented along with background ref-
erences.

GLC and HPLC Determination of Ther-
apeutic Agents. Vol. 9, Part 2. Kiyoshi
Tsuji, Ed. xiv + 936 pages. Marcel Dek-
ker Inc., 270 Madison Ave., New York,
N.Y. 10016. 1978. $45

Part two of a three-part series is di-
vided into four sections: therapeutic
drug monitoring, drugs affecting the
nervous system, antimicrobial agents,
and metabolic discase and endocrine
function agents. Detailed descriptions
for chromatographing drugs represen-
tative of each class are provided.

low. iMake gas phase calibrations
with NBS-traceable certainty

To get accurate, useful outputs
from your gas analyzer or chromato-

graph, precise calibration is critical.

So when you do calibrate, use the
most accurate instrument available
—the Metronics Dynacalibrator. It
delivers accurate and precise gas
concentrations ranging from 0.0001
ppm to over 1000 ppm. As a result,
you can use it to get NBS-traceable
calibrations of almost any instru-
ment—in the lab or in the field.

Further, since calibration is our
only business, you get an instrument
that is coldly objective and easy to
use. It's also competitively priced.
Yet, it has features no other
calibrator can match:

e Self contained design, no need for
gas cylinders and related
apparatus

Oven control within +.05°C,

NBS traceable

Oven temperatures variable to
50°C, 110°C optional

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

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

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

Fast, easy device change or
replacement via front panel
Continuous, unattended automatic
or remotely controlled operation
Dynamic gas concentration ranges
of 60:1

CIRCLE 148 ON READER SERVICE CARD
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e Optional, “in-transit’ maintenance
of purge and temperature

It all adds up to calibrations that are

above suspicion—your best protec-

tion against costly measurement

errors.. Three models meet every

requirement. For detailed literature

and a demonstration, call or write

today. Metronics, 2991 Corvin Drive,

Santa Clara, CA 95051.

Phone: (408) 737-0550

Telex: 35-2129

Melronics
Calibration you can s
count on.



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

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

We have to make sure there are no trace
heavy-metals in your electronics gases. We
have to know your NO calibration gases are
not polluted with excess NOz. And we want
you to know that you will not get 0.12-ppm
hydrocarbons in your 0.10 certified zero air.

To do that, we use the same kind of
instrumentation in our specialty gas produc-
tion plants that you do in your facilities. Mass,
emission, x-ray, infra-red and atomic absorp-
tion spectroscopy, flame ionization detectors,
scanning and trans- :
mission electron mi-
croscopes, scanning
electron microprobes,

WE HAVE THE
SOLUTIONS BEFORE YOU
HAVE THE PROBLEMS.

x-ray fluorescence and, of course, gas chromat-
ographs. (We regard the gas chromatograph

as a piece of production equipment, and we
probably have more GC experience than

most of our customers combined. )

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

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

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

Albon, ME(317) 6299161
Buton Rouge. LA (304) 383-1436

Chicagos IL (3 12) 4654200
City of Industny, CA (213) 92871

Houston, TX(T13) o027
Phocnin, AZ (6.
Pittsbunch. PA (4
Rakigh-Durham, NC ( ’N} \49—\‘0‘\
Riverton, NJ (609) 829-7878

Santa Clara, CA (408) 247 N.\
South Acton, MA (617) 263-7
Vancourer, WA (200) 6931255
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Tracor offers the widest selection of proprietary

GC Detectors—including Flame Photometric,

Linear Electron Capture (Ni63), Hall Electrolytic

Conductivity! Nitrogen/Phosphorous,

Thermal Conductivity, Flame lonization, as

Photo lonization and

exclusive Ultrasonic Chromatography

Detector for low level determination of fixed gasses.
Water Analysis? Sulfur Analysis? Capillary GC?

Tracor has an instrument for your application

including new split/splitless glass capillary capability.

*New 700A CIRCLE 202 ON READER SERVICE CARD

QG0N
Chromatography

Data Tracor's Analytical
1 Processor (TAP)
ProceSSIng provides the most
sophisticated software resulting in highest
precision—and it's
easy to use, too.
CIRCLE 203 ON READER SERVICE CARD

GC/ LC 3{ . = Tracor's modular 900 Series
News L|QU|d Liquid Chromatograph

Send for Tracor's FREE periodical Chromatogra h fe_aturing theaa
RETENTION TIMES. This will keep you informed p y High Pressure

of recent developments in both gas and Pump, 980A Solvent Programmer and the

liquid chvomatography. state-of-the-art 970A Variable Wavelength

Free subscription to Retention Times Detector. Also included is Tracor's new 965

CIRCLE 204 ON READER SERVICE CARD Photo Conductivity Detector for

Liquid Chromatography.

Tracor lnstruments CIRCLE 205 ON READER SERVICE CARD

Tracor, Inc. 6500 TracorLane  Austin, Texas 78721 Telephone 512:926 2800
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Sl in Education

Communication among university,
college, and school teachers is the aim
of the Committee on Teaching of
Chemistry (CTC) of the International
Union of Pure and Applied Chemistry
{IUPAC). The information gathered
through the committee is disseminat-
ed in the “International Newsletter
on Chemical Education™. This publi-
cation is available free-of-charge from
the Secretariat of IUPAC (Bank Court
Chambers, 2-3 Pound Way, Cowley
Centre, Oxford OX4 3YF, UK). How-

ver, there is no mechanism for auto-
matic mailing of the newsletter except
to subscribers of the [IUPAC “Infor-
mation Bulletin® (325 U.S., Pergamon
Press, Headington Hill Hall, Oxford
OX3 0BW, UK).

A recent issue of the newsletter (No.
10) presented a report on a survey on
problems of conversion to SI units and
its effect on the teaching of chemistry
in schools. The survey, invited by the
CTC, was conducted, and the report
prepared, by Brian T. Newbold of the
Université de Moncton, New Bruns-
wick, Canada.

The questionnaire used in the sur-
vey included the following questions:

« Has your country introduced SI
units into the school system?

« If yes, in what year and to what
level (school years)?

« What year for chemistry and
what levels of chemistry?”

« Have booklets, ete., been pre-
pared for teachers and pupils to help
them to teach and learn how to use SI
units in science and particularly
chemistry? If ves, please give some
idea of the scope of such booklets and
their sources.

«What problems are encountered
in using SI units to teach chemistry
in schools? Please indicate specific
areas in the curriculum that are af-
fected, pedagogical difficulties, and
any other problems involved.

o If Sl units have yet to be adopted
by the school system in your country,
please indicate if introduction of said
units is presently contemplated, and
what year SI units are likely to be in-
troduced.

CTC has National Representatives
from 41 countries including the Unit-
ed States. All 41 were sent the ques-
tionnaire; 19 replies were received.
The respondents represented Austra-
lia, Brazil, Canada, Denmark, Federal
Republic of Germany, Finland,
France, German Demaocratic Republic,
Greece, Hungary, India, Japan, Neth-
erlands, New Zealand, Republic of
South Africa, Spain, Sweden, United
Kingdom, and Yugoslavia.

Editors’ Column

SI units have been introduced into
school systems in 17 countries. Except
for Brazil (1962), France (1955), and
Sweden (1966), the introduction has
taken place in the 1970's. Greece is ex-
pected to convert within the next two
years. It is expected that it will be
quite some time before SI units are in-
troduced into schools in Japan. The
use of SI units is compulsory by law
in Finland and the Federal Republic
of Germany. The level at which the
units are introduced in schools varies
greatly, although in chemistry they
appear to have heen universally
adopted.

In the majority of countries re-
sponding, instruction in teachers’ col-
leges and publications for teachers
and pupils are available on the use of
SI In France, there is no apparent
need for special publications because
of the long period of exposure to SI
units. Except for Greece and Japan,
textbooks using SI units are available.

What problems are encountered in
using S| units to teach chemistry in
schools? Denmark, Finland, France,
Netherlands, Republic of South Afri-
ca, and Spain reported no problems.
According to Newbold. the problems
raised by the other countries can be
briefly summarized as follows: values
of equilibrium constants (Australia);
pressure and concentration (Canada);
joules (Federal Republic of Germany
and Canada); computational difficul-
ties (German Democratic Republic):
textbooks using non-Sl data (New
Zealand and Canada); equipment cali-
brated in non-SI units (New Zealand):
recalculation of constants based on
the new definition of the standard
state (Sweden); problems of techni-
cians trained in the use of SI units
having to use mixed units in industry
(United Kingdom); and the resistance
of teachers to the changeover to S1
units (Canada, Federal Republic of
(Giermany, German Democratic Re-
public, and Hungary). Overall, the
problem with acceptance of S1 units
seems to be one of the teacher rather
than of the pupil.

Obvious in this survey’s results is
the absence of any response from the
United States. Perhaps, as in the case
of Canada where data from only the
provinces of New Brunswick, Quebec,
Newfoundland, and Prince Edward
Island, and the Northwest Territories
were available, the coordination of
data from 50 states was too complex.
Or is the problem the same as Japan’s
where there is no strong push for S1
units?

A. A, Husovsky
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GETIT
ALL
TOGETHER!

MICRO-ION SELECTIVE
SYSTEM

PRECISION MEASUREMENTS FROM MACRO
AND MICRO 1OM™ SELECTIVE AND pH ELECTROOES

MODEL F-223A
DUAL/DIFFERENTIAL ELECTROMETER

FOR MICROPIPETTE ELECTRODES
SINGLE AND MULTI-BARREL TYPES
THETA AND QUAD TYPES

THIN WALL TUBING

e

K* & Na' ION EXCHANGE RESINS
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WP RS TRY/S
S0 FIICH ST » PO BOX 3110
NEW HAVEN. CT 08315

TEL (203 388 J183
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“T1 recorders
help our systems operate
24 hours a day.”

. . . says Dennis Mach, General
Manager of Richmond Instruments
Company, manufacturers of ex-
haust test systems.

“We have no problems with TI
recorders. They are reliable, easy
to mount, clean, and easy to
service. That's why we use them
in the vast majority of our
emission systems. We like the
resolution of the wide chart and
the good inking system. In addi-
tion, the removable back panel
makes special modifications easy.”

“We especially like the reliable
heavy-duty construction because
our systems must operate with
little or no down-time to keep our
customers satisfied”

Richmond Instruments is only
one of many satisfied users of TI
strip chart recorders. The chances
are good that you, too, can profit
from the high quality, accuracy
and heavy-duty construction of
the TI recorders. There’s a broad
selection of designs to choose

m.

Drives include unidirectional

and bidirectional synchro systems.
Wide and dual-grid servofriter*IIl

models give a choice of one to five |

full overlapping channels on a
8.75" grid. And if space saving is
a requirement, the Lab/Test
recorders use only 7 inches of
panel height.

Options include full scale adjust-
able zero, variable spans and
inputs, electric pen lifters, felt tip
or capillary inking, bidirectional
take-up system, synchro or digital
drives, and stepper.

TI recorders are backed by
more than twenty years of proven
quality, reliability, accuracy and
performance plus a nationwide
network of sales and service
offices to serve you.

For further information, please
contact Texas Instruments
Incorporated, P.O. Box 1443, M/S
619, Houston, Texas 77001.

Or phone (713) °
491-5115, ext. 3333,

TWX 910-867-4702,

Telex 775938.

*Trademark of Texas Instruments Incorporated

TEXAS INSTRUMENTS

INCORPORATED
CIRCLE 201 ON READER SERVICE CARD
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Investigate

the structure
of ACS

compound.
Membership is simple.

American Chemical Society members
receive Chemical and Engineering
News each week. C&E News brings
you the up-to-date happenings in the
chemical world plus official ACS news.
AND THERE ARE

MANY OTHER BENEFITS:
Publications—Members enjoy sub-
stantial savings on world renowned
ACS publications.
Meetings—Two national meetings
each year plus a host of regional and
local meetings are held for your
benefit.
Local Sections—provide you with
activities of local interest and an op-
portunity to participate in Society
affairs.
Divisions—28 subject divisions help
you keep up with your special chemical
interest.
Educational Activities—shortcourses,
audio courses and interaction courses
help you expand as a professional.
Employment Aids— give you a helping
hand in today's tight job market.

But most important, your membership
helps support the scientific and edu-
cational society that represents you
as a professional.

110,000 Chemists and Chemical Engi-
neers know the value of ACS member-
ship.

Send coupon below today for an
application.
American Chemical Soclety
Office of Member Services
1155 Sixteenth Street, N.W.
Washington, D. C. 20036
Yes, | am interested in membership in
the American Chemical Society. Please
send information and application.
Nam@ —
Addresgie o e
City
State Zip

benefits are

| R



have you wished that you could”
scan ALL of the American Chemi-

cal Society’s article titles in a mat-
ter of minutes?

The ACS Single Article

Announce-
ment (SAA) lets you do just that,

twice a month, and for only 50¢ an
issue (member rate).

Are you a chemist or onglnoer who
likes to keep up .. . but can't afford
touubscrlbetoull 18MthoAcs
journals?

Then Single Article Announce-

ment is the alerting service de-

signed with just your needs in
mind.

SAA offers a convenient, one-stop
method for scanning the tables of

contents of all our publications

PLUS an ordering feature so you

can easily and inexpensively ob-
tain only those articles of interest

to you.

For just $12.00 a year (thst’s 50¢

an issue), members can

“this up-to-date alerting service. -

Nonmembers can subscribe for
$24.00 a year (only $1.00 an is-
sue).

Sound interesting ? ? ?

If you'd like to examine a free sam-
ple issue, just fill out the coupon
below and retumn it to:

m& D.volclzrmlnapﬂ.,

American Chem| s«:!w
11585 sm.onm Street, N.
Waahlnnton. D.C. 20038

YES! 1'd like to receive a free sample

MCI Automatic Moisture Meter.
Reliable, Fast and Easy.

CIRCLE 147 ON READER SERVICE CARD

The LC Detection
System with amind...
e .not amind

of its own.

Now—using a Schoeffel variable wave-
length absorption detector, you can stop
the flow in your LC system and scan the
spectrum for positive identification of
an eluted fraction. Without having to
worry about baseline variations. With-
out spending valuable time correcting

for solvent and background absorbance.

Because of the mind: Schoeffel's MM
700 Memory Module makes absor-
bance profiling (‘fingerprinting’) a snap.
Solvent and background absorbance

U.S.A.: 24 Booker Street, Westwood, New Jersay 07675

(201) 664-7263, Telex 134356
E 12351 Tray kamp, C
(04323) 2021, Telex 299660

W cemay SCHOEFFEL

are automatically removed from sample
analysis. For fast, simple, more accurate
qualitative determinations. Also useful
in gradient elutions.

Best of all, the MM 700 is used with
Schoeffel’s UV-VIS absorption detector
—the SF 770 Spectroflow Monitor—
with motorized wavelength drive. An
industry standard since its introduction
in 1973. Write for our brand new litera-
ture—or phone us for a demonstration.

KRATOS Inc.

INSTRUMENT DIVISION

CIRCLE 191 ON READER SERVICE CARD
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Finnigan

simplifies
nicsin'Water
analyms

Routine analysis of organics In water a prob-
lem? Finnigan’s OWA™ Organics-in-Water Analyzer is
the problem-solving syslem designed to meet your
analysis needs.

Simplified pre-programmed procedures make
the Finnigan OWA system simple to operate. Yet it pro-
vides complete measurement of both gross
and frace compounds in water. And it dellvers
the analytical capabilities of systems which 2
cost many thousands of dollars more. g

Finnigan further simplifies
the solution to your organics- T {
in-water analysis problem by ;
offering fraining in system -

Ar,

operation, application techniques and laboratory
management.

For nearly a decade., Finnigan systems have
pioneered organics-in-water analysis. Let us show you
how the Finnigan package — hardware, software and
training — can solve your analysis problem. Call or
write us today.

@
finnigan
Imstroments
845 WEST MAUDE AVENUE

SUNNYVALE. CALIFORNIA 94086
(408) 732-0940

Finnigan will soon be demonstrating an OWA system in @ city near you. Ask us for details.
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Specialized

Gas Chromatography—
Mass Spectrometry Systems

for Clinical Chemistry

Nathan Gochman and Lemuel J. Bowie

Veterans Administration Hospital, San Diego, Calif. 92161, and
Departments of Chemistry and Pathology. University of California

at San Diego, La Jolla, Calif. 92093
David N. Bailey

Division of Clinical Pathology, University of California

Medical Center, San Diego, Calif. 92103

Mass spectrometry can be used to

ldenul‘y and quanma!.e almost any
I c of

welght less than 1500. This includes
essentially all therapeutic agents and
their metabolites. The main advan-
tages of mass spectrometry as an ana-
lytical technique are its increased sen-
sitivity (for some substances, in the
picogram range) over other analytical
techniques, and its specificity in iden-
tifying unknowns or for confirming
the presence of suspected compounds.

The enhanced sensitivity results pri-
H

minimal prior purification. Specific
clinical applications of GC-MS have
included the analysis of biogenic
amines, amino acids, peptides, lipids,
carbohydrates, prostaglandins, ste-
roids, and bile acids (1, 2). Especially
promising is the metabolic profiling
of organic acids and volatiles, which
petmll.s a complete class of com-

to ding to en-
hanced diagnosis of a variety of meta-
bolic disorders (/-3). Another new ap-
plication is that of rapid identification
of bactena from their characteristic

marily from the action of the y
as a mass filter to reduce background
interference and from the sensitive
electron multipliers used for detec-
tion. The excellent specificity results
from characteristic fragmentation pat-
terns, which can give information
about molecular weight and molecular
structure. Mass spectrometry has now
permitted the development of defini-
tive methodology against which suit-
able reference methods can be evalu-
ated. An important example is the
analysis of inorganic ions (sodium, po-
tassium, chloride, calcium, magne-
sium, lithium, lead, and phosphate)
by isotope-dilution mass spectrometry
1

Since biological samples (e.g.,
human serum, urine) are complex
mixtures, the combined gas chromato-
graph-mass spectrometer (GC-MS)
has evolved as an ideal instrument for
rapid separation and analysis with

0003-2700/79/0351-525A$01.00/0
© 1979 American Chemical Society

so that a defini-
tive |denuﬁcauon of the microorgan-
ism may often be made on the same
day as sample collection (1).
Probably the most sngmﬁmnt con-

Instrumentation

tion with far greater specificity than
heretofore possible.

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

Basic Design

The basic components of most sys-
tems are shown in Figure 1 and are de-
scribed below.

Gas Chromatograph. As previ-
ously indicated, the major function of
the gas ch graph is to k
of ) A
second function, which may not be as
obvious, however, is to present the
compounds to the mass spectrometer
in a form (i.e., gas phase) readlly ac-

tribution of GC-MS to the cl
laboratory thus far has been made in
clinical toxicology and therapeutic
drug monitoring. Because of the struc-
tural similarity of many drugs, analy-
sis by more conventional techniques
(e.g., ultraviolet-visible spectropho-
tometry, gas-liquid chromatography)
has often suffered from lack of speci-
ficity. In addition, the analysis is fre-
quently plicated by the p

of several drugs mgea(ed concurremly

ptable for mass sp ic analy-
sis. The difficulty of accomplishing
tth second function has limited the
ion and i of other

chr hic techniques (e.g.,
high- performnnce liquid chromatogra-
phy) to mass spectrometry. Since the
mass spectrometer must operate
under high vacuum, the GC carrier gas
(e.g., helium or nitrogen) must be re-
moved prior to introduction into the
spectrometer. Even high capacity
intain high

in overdose. Mass f
(multlple ion detection and selec&ed
ion monitoring) is particularly well
suited for drug analysis in these cases,
since by its nature it permits simulta-
neous separation and analysis of mul-
tiple known compounds and quantita-

with carrier gas flow rates of greater
than 10 mL/min (4). This problem is
alleviated by placing a separator be-
tween the GC and mass spectrometer.
Molecular Separators. The two
most popular types of devices used to

ANALYTICAL CHEMISTRY, VOL. 51, NO. 4, APRIL 1979 « 525 A



We can't really show off ]
Inficon’s versatile surface analysis

system.

<

Until yvou show up with a samble
for comparative analysis.

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

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

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

LHS-10's universal analysis chamber allows
customizing to your exact needs—whether it's catalyst
efficiency testing, elemental or quantitative analysis,
trace detection, depth profiling, or chemical
fingerprinting.

You can have ESCA (XPS), UPS, AES, SAM,
SIMS, ISS modules now, or add any later at minimal
cost. Even add a computer system for simultaneous
instrument operation and data manipulation.

No matter what techniques you select for
present or future use, all can be employed on the same
sample area—without specimen manipulation—for
rapid sample analysis.

For now, let the other surface analysis
companies first demonstrate their capabilities—then let
Inficon give you proof positive of the LHS-10's superior
performance, versatility and simplicity.

Write or call today. We'd like to see you and your
sample soon.
We also offer contract surface analysis and
with special probl

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

INFICON

LEYBOLD-HERREUS

6500 Fly Road, East Syracuse, New York 13057
315/437-0377 m TWX 710 541-0594
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Figure 1. Major components of typical GC-MS system

remove carrier gas from sample mole-

cules are gas-jet separators and mem-

brane sef The jet

forces the entire GC effluent through

a narrow orifice under a vacuum. An-

other orifice is placed in close proxim-
1 Since

volatilizing in a vacuum. Direct inser-
tion probes are designed to hold a
small t of ple, introduce it
into the system via a vacuum seal, and
heat the probe tip to temperatures
sufficient to volatilize the molecules

ity to retrieve sample molecul
the lighter carrier gas molecules pref-
erentially diffuse away from the center
of the stream under vacuum, as much
as 99% of the carrier gas can be re-
moved. The function of membrane
separators is based upon the higher
relative solubility (and therefore per-
meability) of organic compounds than
of carrier gases in silicone polymers.
Membrane separators have higher
sample yields compared to jet separa-
tors, but the permeability of molecules
is highly temperature dependent. A
comprehensive discussion of both
types of devices can be found in ref. 5.
Direct Insertion Probe. Solid
samples may be introduced into the
mass spectrometer by heating and

Figure 2. Block diagram of Olfax IIA

p . This technique is very useful
for identifying pure substances and
simple mixtures that do not require
prior GC separation and can be volati-
lized without decomposition.

Ton Sources. In order for the mass

analyzer to separate molecules or frag-

ments, they must be ionized. This can
be accomplished by various methods,
but the two most widely used ap-
proaches are electron impact ioniza-

tion (EI) and chen}ica] ionization (CI).

A detailed di of the principl
and relative advantages of the two
techniques is beyond the scope of this
article. In general, Cl is a gentler
means of ionizing, gives simpler frag-

lar weight fi ts (e.g., mo-
lerular ion) are sought. Electron im-
pact xonluuon, on v.he other h.md. is
plish since
it does not requnre a reagent gas, and
by giving more fragments, may give .
more structural lnformuom With
both techniq ions are fi d fmm
the neutral gas molecules, f
a beam, and accelerated before enter-
ing the mass analyzer.

Mass Analyzers. Although there
are a number of designs for mass ana-
lyzers, the most popular in recent
years has been the quadrupole analyz-
er. In this approach, rf and dc voltages
are applied to parallel rods in such a
manner to permit only a specific mass
to traverse without annihilation at any
one combination of voluga. In con-
trast to most magnetic analyzers that
use a magnetic field for lving vari-
ous masses, the resulting mass spec-
trum is linear. Magnetic umlyzen are
theoretically more senul.we at hlghet

and with ad
may become more popular.

Detectors. Currently, most mass
spectrometers use electron multipliers
to detect the ions emerging from the
analyzer. These devices are capable
of amplifying the ion current as much
as 107 by use of a series of dynodes in
a manner similar to that used in ab-
sorption and fluorescence spectroscopy.

Data System. Because of the
wealth of information and the speed
at which data are generated, most con-
ventional systems accumulate data
with the aid of dedicated micro- or

A bination of d.|~

rect

mentation patterns, and is especially
useful for compounds where higher

agnetic tapes and/or discs is used to
compile all of the data and to recon-
struct spectra or chromatograms
on request. Cathode-ray tubes are fre-
quently used to provide real time dis-
play of data acquisition.

Vacuum System. The separator,
ion source, mass analyzer, and detec-
tor must be maintained at high vacu-
um (commonly 107 torr). Both the
speed at which the instrument can be
operational after cleaning or opening
to atmospheric pressure and the effi-
ciency of maintaining high vacnum are
related to the capacity and speed of
the Most sy use
combinations of oil diffusion pumps
to maintain high vacuum (107 torr)
with conventional forepumps to re-
duce the initial pressure to approxi-
mately 1073 torr.

Selected Systems

Despite the potential for applica-
tion of GC-MS in the clinical labora-
tory, historically, it has been almost
exclusively limited to the research lab-
oratory because of its technical com-
plexity and high cost of instrumenta-
tion and operation. With the recent
interest in biomedical applications of
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GC-MS, however, several systems
have been streamlined in design or
simplified in operation, and therefore
may be more suitable for routine ap-
plication in the clinical laboratory.
‘Three such systems that will be dis-
cussed in greater detail are: Olfax 11A
(Vitek Systems, Inc., Division of
McDonnell Douglas Corp., Hazel-
wood, Mo.); HP 5992 (Hewlett-Pack-
ard, Palo Alto, Calif.); and DP-102 (E.
1. du Pont de Nemours & Co., Inc.,
Wilmington, Del.).

Vitek Olfax lIA

Historically, the Olfax was the first
system specifically designed for use
in the clinical laboratory. The basic
instrumentation (Figure 2) consists
of a 400 atomic mass unit (amu) elec-
tron-impact quadrupole mass spec-
trometer with a two-stage membrane
separator. This is interfaced with a
single-column gas-liquid chromato-
graph (Perkin-Elmer Model 3920) and
a microprocessor (Intel 8008) with
27K in read only memory (ROM) and
4K in random access memory (RAM).
An additional 60K is available for on-
line tape storage. The microprocessor
controls all mass scanning, chromato-
graph temperatures, and temperature
programs. It also continuously moni-
tors such system parameters as pres-
sure and mass spectrometer tempera-
tures. A printer-cassette reader (Texas
Instrument Silent 700) is integrated
into the system to print analytical
data, to load identification programs,
and to enable the user to interact with
the system.

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

The uniqueness of the Olfax derives
from its ability to analyze mixtures of
compounds even when they elute from
the chromatograph with the same or
similar retention times. This ability
is built upon the concept of probabil-
ity-based matching (PBM) of selected
mass fr s (6) and elimi the
need for a search library. The proba-
bility that a given compound is
present is indicated by a “confidence
index” (K). Thus, 2¥ represents the
average number of compounds select-
ed at random whose mass spectra
must be examined to find characteris-
tic mass fragments that match the tar-
get spectrum to the same degree as the
unknown. The probability (P) that the
mass spectral data could arise from
a compound selected purely at ran-
dom is then 1/2K,

The specific K for the compound
sought is the summation of individual

values (K;) found for each mass frag-
ment used in the identification whose
abundance falls within user-specified
limits. The overall K is a linear combi-
nation of four parameters: K = XK
=X(U; + A; + W, = D), where U is
the “uniqueness” of the particular
fragment being examined, A is its
“abundance in the reference spec-
trum, W is the applied “window toler-
ance” that reflects the narrowness of
the peak-abundance criteria used, and
D is the “dilution factor” that reflects
the decreased abundance in the target
sample resulting from the presence of
contaminants contributing the same
or similar fragments.

The “uniqueness™ (U) of a given
mass fragment in a specific spectrum
is derived from a previous study of
fragments from more than 17 000
compounds based on the probability
that the abundance of the particular
fragment in question would be more
than 50% of that of the base peak of
a spectrum taken at random (6). The
parameter *V" (the sum of U and A)
reflects how “characteristic™ a given
mass peak is; this number is generated
by the Olfax after the reference com-
pound is introduced. The V" value
aids the user in selecting the most
characteristic mass peaks for his iden-
tification program (fragments with the
highest V values are usually the most
characteristic). By use of the concept
of PBM, a compound is identified as
“positive” if its overall K exceeds the
threshold set by the user. The more
contaminants present in the sample,
the greater the chance for the same or
similar mass peaks to be contributed
and the lower the resultant K. Quanti-
tative analysis of mixtures of com-

pounds can be performed following
appropriate calibration and standard-
ization of the system. The Olfax is
thus particularly useful for performing
toxicology profiles in overdose in
which multiple drugs are often ingest-
ed concurrently, In addition, the use
of PBM frequently eliminates the
need for meticulous sample extract
*“‘cleanup” and permits the anlayis of
crude extracts of biological samples.
The Olfax 1IA is simple to operate,
and sophistication in mass spectrome-
try is not a prerequisite. Critical in-
strument parameters are continuously
self-monitored and conveyed to the
user by a series of diagnostic mes-
sages. The user can easily generate his
own compound identification pro-
grams after selecting up to 17 charac-
teristic mass peaks (based on the com-
puter-generated V" values). Up to
16 different compounds can be includ-
ed and sought simultaneously in one
identification panel. For the user who
is not inclined to develop his own pro-
grams, commercially developed identi-
fication programs are available for a
variety of compounds, mostly drugs.
Whether user developed or commer-
cially supplied, the programs are
stored on magnetic tape cassettes,
which are loaded into memory
through the printer-reader. These
programs also contain all chromato-
graphic information including temper-
ature programs necessary for opera-
tion. While most analytical work is
performed in the “Auto ID” mode
using PBM identification, an “Inter-
active Data System™ mode is also
available to permit generation of tra-
ditional mass spectra and to allow the
user to interact with the system.

/|
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Figure 3. Schematic representation of SIM
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SALE NOW!

The new Varian MAT 212 and 312 mass spectrometers

are so attractively priced you'll think theyre on sale.

If you've always been a Varian admirer, now’s
an excellent opportunity to be a Varian owner.

Reason: Varian has put together some great
"‘packages’’ combining our new MAT 212 and
312 mass spectrometers with our popular S5200P*
data systems which feature simultaneous data
acquisition and evaluation.

And, whether a 212 or 312 package catches
your eye, you'll like our irresistibly low prices.

The MAT 312 is an advanced version of our
popular MAT 311A. It has an improved source

with more accessories and greater versatility for
applications including field desorption studies.

The versatile MAT 212 brings a proven track
record to CI/EI studies, not to mention such great
options as GC/MS analysis with packed columns
(jet separator); multi-ion selection analysis, DCI
(direct chemical ionization or desorption CI)
collisional activation analysis, negative ion
detection and much more.

Now, to the bottom line.. . . price. We suggest
you call us. You'll be pleasantly surprised and
may want to arrange a demonstration. For infor-

Varian MAT Mass Spectrometry, 25 Hanover Road, Florham Park,

Performance at a glance! A L
mation or literature contact:
MAT 312
R power: ,000 (10% valle
Mz::‘:::w £ ‘1“:;%6320 amL i NJ 07932, Phone (201) 822-3700
Accuracy: better than 2 ppm Varian MAT GmbH, Postfach 14 4062
Barkh 2,28008 10
MAT 212 West Germany. Phone (0421) 5493-1
Resolving power:  up to 20,000 (10% valley) Varian Associates, Ltd., 28 Manor Road
Mass Range: 1 10 1200, switchable to 3600 amu 30!“;"-'2’_'\-?3'“&:/1?;1:“;6':
@ nited Kingdom. KT12,
Accuracy: better than 3 ppm Phone (43731)

*Outside U.S. — S5 188.

varian
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. processor controlled data acquisition,

. CRT-1000 will satisfy your existing readout require-

MODERNIZE
YOUR OLD SPECTROMETER

\ O N

T e s S

e

CRT-1000
computer
retrofit system

We like the o S optical end of |
OLD spectrometers made by ARL, Baird, JACO, RCI,
and others. By-and-large they are still doing a good |
optical job. But technological advances have obsoleted
their readout equipment. And modern laboratory |

. dernands have outpaced their capability. To solve this

problem we designed the CRT-1000 Data Acquisition |
and Readout System. It is a highly reliable micro- |
spectrometer
control, and readout system designed specifically for
use with optical emission spectrometers. IT WILL
BRING YOUR SPECTROMETER UP TO CURRENT
TECHNICAL STANDARDS FOR ABOUT 1/3 THE
COST OF A COMPLETE NEW SYSTEM. The

e

ments and provide additional features such as video
display and/or hard copy printout of percent concen-
tration, interelement corrections, averaging, automatic
standardization, daily logging, and many other features.
And you don’t need a computer programmer to run it.

Over 100 major corporations have selected Labtest
computer products and Labtest software. And Labtest
computer installations have already logged hundreds of |
thousands of hours of field operation.

If reliability, low maintenance, flexibility, speed, and
freedom from operator error are important in YOUR
laboratory—modernization of your existing spec-
trometer system with the CRT-1000 may be the answer |
to your needs. Call us collect today to discuss your {
application. Ask for the Retrofit Project Manager.

LABTEST
EQUIPMENT

COMPANY

11828 La Grange Avenue, Los Angeles, CA 90025 |
Telephone (213) 478-2518 478-1610

subsidiary SYSTRON DONN E R corporation

i,

PRA’s high intensity
pulsed light sources.

The PRA 610 microsecond pulsed light sources offer

maximum versatility for applications requiring high

ultraviolet intensities.

* Discharge energy per pulse to 100 joules

* Repetition rate 1to 100 pps

* Spectral range 200 nm to 1200 nm with peak intensities
inUV

* Various pulse widths 1.5-50 u sec.

* Non magnetic lens aperture for ESR/INMR applications

* Carefully designed for minimized RF|

PRA manufactures pulsed light sources with a variety of

pulse widths and discharge energies and has people

with broad experience in optical systems design to

advise you.

Photochemical Research
Associates Inc.

(519) 686-2950 Telex 064-7597

m 45 Meg Drive, London, Ontario
Canada N6E 2V2
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Hellma—the largest assortment of highest
precision glass and quartz cells.

Standard - Flow-through - Constant-temperature
Anaerobic + Special Designs

Also available—ULTRAVIOLET-LIGHT SOURCES
Deuterium Lamps  Mercury Vapor Lamps

Hollow Cathode Lamps - Power Supplies

AYE LLMAN gty somen

CELLS, INC. Borough Hall Station

Jamaica, New York 11424

Phone (212) 544-9534
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“?®> A MONTH...OR MORE...

\"“‘////) FOR THAT ROUTED COPY OF
( & ANALYTICAL CHEMISTRY TO
g@\’ REACH YOUR DESK?
For only $16.00 a year . . . ($12.00 if you're a member
of A.C.S.) ... you can own your very own subscription.
Why use a worn-out copy or wait until it comes to rest in the library? You

can have your own copy to clip, to read at leisure, and to add to your per-
sonal file of vital information.

You'll receive FOURTEEN information-packed issues including THE ANNUAL
LABORATORY GUIDE TO INSTRUMENTS, EQUIPMENT, AND CHEMICALS and
the special APRIL ANNUAL REVIEWS.

All you have to do is fill in the order form below. We’'ll do the rest!

Please send me ANALYTICAL CHEMISTRY at the following subscription rate:

All Other
us. Canada Countries
ACS Members®
1-Year 0 $12.00 O $21.00 0 $21.00
3-Years 0O $30.00 0O $57.00 0 $57.00
Nonmembers
1-Year 0O $16.00 0O $25.00 O $33.00
3-Years O $42.00 0O $69.00 O $89.00
Name
Address
Gy - State/Country Zip
Your Nature of Company’s
Company R o Business
O3 Bill company O Billme for $___  [J Payment enclosed in the amount of $
Note: Subscriptions at ACS Member Rates are for personal use only.
Please allow 60 days for your first copy to be mailed. 2 0586C

Please send me ANALYTICAL CHEMISTRY at the following subscription rate:

ACS Members® us. Canada Countries
1-Year 0 $12.00 0O $21.00 0 s
3-Years 0 $30.00 0 $57.00 0O $57.00

Nonmembers
1-Year 0 $16.00 0O $25.00 0O $33.00
3-Years 0 $42.00 0O $69.00 0O $89.00

Name

Address

Gy o State/Country Zip

Your Nature of Company's

Company o o Business

O Bill company O Bill me for$_____ [ Payment enclosed in the amount of §. s

Note: Subscriptions at ACS Member Rates are for personal use only.
Please allow 60 days for your first copy to be mailed. 2 0586C
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Figure 4. Schematic representation of HP 5992

Although it has high potential for
clinical use, particularly when analysis
of mixtures is desired, the Olfax sys-
tem also has several limitations. Its
scan range encompasses only 400 amu,
and its analytical sensitivity is some-
what limited. These two limitations
have rendered the instrument most
applicable to the analytical workup
of drug overdose (in which the analyte
is usually a drug of molecular weight
less than 400, and concentrations are
relatively high) and to therapeutic
monitoring of drugs such as the anti-
convulsants and theophylline, which
attain relatively high concentrations
in plasma.

Hewlett-Packard HP 5992

The Hewlett-Packard 5992 is the
first truly bench-top gas chromato-
graph-mass spectrometer system. The
unit is similar in overall size and con-
figuration to Hewlett-Packard’s mi-
croprocessor-controlled gas chromato-
graph (Model 5830) with the substitu-
tion of a mass spectrometer as the de-
tector instead of the more convention-
al flame-ionization or thermal-con-
ductivity detectors. This was made
possible by a unique and innovative
design for the mass spectrometer unit.
‘The ion source, quadrupole mass ana-
lyzer, and detector units are all locat-
ed within a concentric diffusion pump.
‘The relative orientation of the mass
analyzer, the gas chromatograph, and

culator/plotter, which has been modi-
fied slightly for control and itor-

L2 N

All the information

that appeared (D
in CREN
last year D
Q) isatyour (D
fingertips
Q) withthe (O
Annual 1977
Whether you are interested in wide cover-
age of a general topic or just a brief letter
to the editor—if C&EN published it last
year, you will find it listed in this compre-
hensive index. Consider a broad field such
as fibers, for example: under that listing
you will find research (acrylonitile outlook
promising); development (rayon fibers
gather new interest with technological im-

provements); business (DuPont sales in
Euvope top $1 bxlhm} international news

ing functions of the GC-MS unit. The
gas chromatograph uses the standard
Hewlett-Packard 5700A series oven
and has similar features with regard
to col size, oven ure con-
trol, and injection port temperature
control. The overall system is compact
and can fit easily onto a laboratory
bench (requires approximately 5 ft in
length, 2.5 ft in width, and 5.5 ft in
averhead clearance).

A key feature of the HP 5992 is the
insertion of the major components of
the mass spectrometer into a convo-
luted diffusion pump. This design
contributes to the compactness of the
system and probably to the lower cost.
A detailed representation of the vacu-
um system and analyzer assembly is
seen in Figure 5. In this concentricar-
rangement, the ion source, mass ana-

Iyzer, and detector are all surrounded

(Yug 's poly fiber plant opera-
nonal) and twenty more listings! Most of
them cross-indexed to be found easily
under other headings, too.

In addition, you'll find information on
many other broad fields—grants, health,
OSHA, and so on—many with 50 or more
listings! Individual topics, too—ovonic
modification, kerogen, bathing caps.
Legislation, research, economics, process-
ing . . . whatever aspect of the subject
you want to know about . . . you will find
it quickly and easily.

Just published, this compreh useful
index is available paperbound or in micro-
fiche ... $25.00.

Save time and effort . . . use the coupon
below to order your C&EN INDEX, Annual
1977 edition now!

by a spun-steel cylinder. This is sur-
rounded by a cavity containing vapors
from the boiling pump fluid. At the
various pump stages, the wall has
openings that direct the vapors down-
ward and sweep along the gases that
are to be pumped off by the forepump.
‘This entire assembly is then enclosed
in another water-cooled steel cylinder
that facilitates both condensation of
the pump vapors and their return to
the boiler.

This design results in a number of

the associated micropr /plotter
are shown in Figure 4. The gas chro-
matograph and mass analyzer are
housed in a single module, whereas
the desk-top computer and plotter are
separate. The computer is Hewlett-
Packard's standard Model 9825A cal-

e and performance fea-
lurea The combination of the small
area Lo be evacuated and the large
opening for pump-down results in fast
evacuation, The overall design also
permits easy access to the mass spec-
trometer assembly and makes it possi:

. |
Special Issues Sales
American Chemical Society
1155 Sixteenth Street, N.W.
Washington, D.C. 20036

YES, please rush_________copies of the
new CREN INDEX Annual ll11 @ $25.00
each.

O Paper

[ Payment enclosed.

O Microfiche
[ Bill me.
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JAR MILLS

A size and style for nearly every applica-
tion. Norton jar mills are built tough to give
long service life, and their exclusive **no-
creep’’ design means jars stay in place. Jar
mills are available in single-tier, single jar
single-tier, three jar; two-tier and three-tier
models.

MILL JARS

Norton Roalox mill jars offer four times the
wear-life yet only half the contamination of
conventional porcelain jars. Jars feature a
simple all-in-one lid and handle system that
makes opening, closing and locking a
snap. Capacities range from %2 pint to 3 4
gallons.

GRINDING MEDIA

Both Burundum™ and Zirconia grinding
media provide excellent grinding character-
istics with a minimum of contamination.
Burundum has a specific gravity of 3.42,
and is designed for general grinding aplica-
tions. For even faster milling times and less
contamination, Zirconia is suggested (spe-
cific gravity 5.5). Both types are available in
several sizes.

GET THE FACTS WITH THIS
COMPREHENSIVE BROCHURE

Jtm call youl local lab supply house,
* or call.us tol-free at 800-321-9634
(Ohio call collect 216-630-9230).

34236

W PLASIIES AND SINTHETICS DIVISION

AURON ONI0 44308 1EL [216) 830-8230
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ACS
Symposium
Series No. 67

Roger W. Bullard,
Editor

U.S. Fish and
Wildlife Service

A symposium
sponsored by the
Dwision of
Agricultural and
Food Chemistry of
the American
Chemical Society.

Order from:

Flavor Chemistry of Animal Food

The recent revolution in animal foods has
produced high quality, more palatable
foods for domestic pets and food-
producing animals. Now research is also
being directed toward meeting the needs
of threatened wildlife species as well as
toward controlling their destruction of
human food supplies.

Since animals cannot directly appraise
food or food additives, there are many
unique problems in animal flavor research
that require the cooperation from
specialists in many different fields. This
volume covers the problems and recent
advances in this field. Many domestic and
non-domeslic animals are discussed by
specialists in organic and analytical

Y. Y. .
biology. nutrition, and physiology.

CONTENTS
Annmal Flavor Research ¢ Food Preference
h y of Testing

. Chemncal Fractons from Estrus Unne e
Bactenal Action and Chemical Signalling e
Taste and Smell « Carmivore Taste Systems e
Diets for Food-Producing Animals e Palatable
Foods for Domestic Pets e Repellents to Protect
Crops

175 pages (1978) clothbound $19.00
LC 77-27295 ISBN 0-8412-0404-7

SIS/American Chemical Society
1155 16th St., N.W./Wash., D.C. 20036

ACS
Symposium
Series No. 70

Michael L. Gross,
Editor

University of
Nebraska

A symposium
co-sponsored b ’y
the University o
Nebraska —
Lincoln, the National
Science
Foundation, Kralos
d

Ltd., an:
INCOS/Finnegan

Order from:
SIS/American
Chemical Soclety
1155 16th St., N.W.
Wash., D.C. 20036

High Performance Mass Spectrometry:
Chemical Applications

New methods and techniques in mass
spectral fragmentation have boosted the
field of mass spectrometry into a major
scientific discipline. Ongoing resear
chemical analysis problems through
identf and quantil ) of trace
amounts of material with high
performance mass spectrometry
methods isreviewed inthese 18 chapters.

Special emphasis 1s placed on struclure,
property. and energy surface
determinations of gas-phase ions. These
mass spectrometry methods include
chemical and field ionization, ultra-high
resolution, new methods of defocused
metastable scans, collisional activation
spectrometry, field ionizatio.: kinetics,
spark source ionization and new
techniques in gas chromatography/mass
spectrometry

CONTENTS

Metastable Transtons e Unimolecular Reactons of
Organc lons e ons from Colkssonal Activation Spectra
« Kinetxc Energy Spectrometry « Freld lonzaton Kinetic
Studies of Gas Phase lon Chemistry o Organc Trace
Analysis e Gas Chromatography Hgh Resolution Mass
Spectrometry o Positive and Negalive lon Chemical
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Intact DNA » Ultra-High Resolution Mass Spectrometry
Analyss of Perroleum and Coal Products ¢ Using a
Double Fo(.mnng Mass Spectrometor o Mullielement
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ble for all pump-down and venting op-
erations to be performed automatical-
ly. The existence of only one high-vac-
uum flange minimizes the chance for
leaks. Another major benefit of the lo-
cation of the mass spectrometer as-
sembly is the controlled-temperature
environment that is provided. The
sample transfer line is heated by the
boiler to about 250 °C to prevent con-
densation of sample in transit from
the gas chromatograph. The ion
source and quadrupole are heated by
the interior wall of the pump, which

is maintained at uniform temperature
by the pump vapor. The resultant
temperature of 180 190 °C is suffi-
cient to prevent condensation without
destroying molecular ions. The qua-
drupole mass analyzer uses hyperholic
rods instead of the conventional round
rods to preserve peak shapes and reso-
lution at high mass (7). The detector

lon
Mass

is maintained near room temperature
since it is located slightly above the
highest pump stage and is suspended
from the vacuum flange.

The GC-MS system is controlled by
a 9825 desk-top computer with 32K
words (16 bits each) of semiconductor
memory. Programs and data are
stored on a cartridge tape unit (250K
bytes capacity with a transfer rate of
2750 bytes/s). All information can be
plotted on Hewlett-Packard Model
9866 B printer/plotter mounted di-
rectly on top of the computer, al-
though & 32-character display and 16-
character wide printer can be used for
certain limited functions. The speed
and computational power of the com-
puter are sufficient to handle control,
monitoring, and output functions
without processing delays.

A number of convenient and useful
software programs, including pro-

Figure 5. Detailed representation of vacuum system and analyzer assembly for HP
5992

WESCAN's Model 212

Conductivity

« Direct Reading

« Digital Display

* Wide Range

e Zero Suppression

» Analog Recorder Output

The WESCAN Model 212 Con-
ductivity Meter is a convenient,
general purpose instrument de-
signed to perform most labora-
tory conductivity measurements
Applications vary from single
determinations using a tempera-
ture compensated dip-cell, to
continuous montoring of liquid
chromatography effluents using
a micro-volume flow cell. A
variety of cells are available to
satisfy various application
methods

For more information, contact:
WESCAN INSTRUMENTS, INC.
3018 Scott Bivd.

Santa Clara, CA 95050

O

WESCAN

INSTRUMENTS, INC.
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grams to automatically monitor peaks
and store the associated mass spectra
on tape for search against several
identification libraries, are available.
Perhaps the two most useful programs
are the selected ion monitoring pro-
gram and on-line search program. The
SIM program monitors 1-6 ions simul-
taneously during the course of the
chromatography, after which it can
plot chromatograms of all of the ions
monitored, integrate the areas of
peaks, normalize the areas to any one
peak or to the sum of all areas, and
print a quantitative report. This pro-
gram is most useful for quantitative
analysis of samples from drug users.
‘The on-line search program operates
in real time. Whenever a GC peak is
detected, its mass is immediately cor-
rected for background, recorded on
tape, and searched against a library
stored in core. This is accomplished
rapidly enough that, in the event of

a match, the retention time, the name
of the compound, and the peak height
are recorded directly on the chromato-
gram as the peak is being eluted. The
system also has a diagnostic program
to aid the user in performing in-house
maintenance.

Another convenient program is the
Autotune program, which automati-
cally calibrates the mass spectrometer
and optimizes sensitivity and resolu-
tion. This is accomplished by intro-
ducing (automatically on the B series,
manually on the A series) a calibration
gas, perfluorotributylamine (PFTBA).

CIRCLE 172 ON READER SERVICE CARD
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Division of Professional Relations and 7 Check enclosed for § il me The Du Pont DP-102 has li.le capa-
the Council Committee on Postpaid in US and Canada. plus 40 cents bilities of an advanced analytical mass
Pro/es;xonal Relations of the American elsewhere spectrometer but, due to its simplicity
Chemical Society. o and ease of operation, should prove
Here is the first volume of its kind to cover to be useful in the clinical laboratory
an :nlire_spectrumd O’r!egal nghts of chemists Address environment. As shown in Figure 6,
g'r:coir:lgl::e:s;:{estﬂ:nzvgblems fhey Ciy St 2 the system is housed in two separate

one for the gas chromato-
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Talk to Joyce Loebl...

who has three languages in Image Analysis

Joyce-Loebl has many software languages for their wide range of computer aided image analysis systems. From simple routine tasks
htinstrument and software package 1o suit your application and

through to the most complex scientific programming there’s the ri

Magiscan
The Magiscan is a television
based. wholly software
controlled. quantitative image
analysis system. The instrument
has a high speed image processor
to do the difficult feature
extraction tasks, and a powerful
mini computer to do the
arithmetic orientated quantita-
tive analysis task. The image
processor operates on the fully
digitised image and can therefore
perform complex algorithmns
analysing nol only density
levefs. but also operating on

radients, textures etc.

he Magiscan software

approach enables it to handle
feature extraction tashks other
systems are incapable of, such as
defining cell boundaries ina non-
uniformly stained sample,
separating u\'arlum'ﬂnx spheres,
and rejecting out-ol-focus
particles. The Magiscan has an
evergrowing library of software
for todays problem and an open-
ended potential for further
soltware development.

your budget. Check the package t

Microdensitometer 6
The competitively priced. all
new Microdensitometer 6
combines the best features of the
now world famous Microdensit-
ometer 3CS with the latest
advances in electro-optical
techniques and computer data
g:ocuungj It's a classical flat-
d m

A

at best suits your requirements

Scandig 3/Filmwrite 2
This system combines a high
speed rotating drum micro-
densitometer and a photographic
recorder respectively. Interfaced
to a digital computer they form
an Image Analysis system that
can digitise, tnrnncm and record
photographic images in either

t or rellectance up to

operating in transmission and
reflectance mode. Optical
densitly measurements are made
using double-beam optics to
assure high linearity and
precision over a %
wide range of
optical density.
Optical

density or
transmission
data are
recorded in
digital form at
adate rate ot
up to 1000
points per second.
The 360° rotatable table can
accommodate samples up to

an area 250mm x 250mm.
Scandig 3 incorporates the very
latest developments in solid
state photometrics ensuring a
repeatability not previously
possible. Scanning apertures
cover the range 12.5 to 200
microns through an optical
density range of 0 to 3D (1 to 4D
opnun{
Filmwrite 2 generates instant
hard copy on a 250mm x 250mm
p!\uloxup!n: paper. The integral
ives

250mm x 250mm. A )
screen provides excellent sample
acquisition. The Microdensit-
ometer 6 is interfaced to a mini
computer, and Joyce-Loebl
“Wizard" software language
allows the user to programme the

system to do any task from a
straight forward raster scan to
complex real-time data
reduction analyses.

photographic pi
you instant prints without the
need for a darkroom.
Joyce-Loebl's famous FSPP soft.
ware provides simple control of
both Scandig and Filmwrite as
well as a range of picture
processing algorithms.

Microdensitometer 3CS
This instrument is a versatile
double beam, high resolution
flatbed recording microdensit-
o:r'ler pmlwl:ﬁ:]n untpulli’:
the form of an ue gra
on an integral X-Y :«ws-r
Sample to graph X axis varial
from 1 to 1 up to 1000 to 1.
Density measurements from 0.2D
up 10 6.0D can be
achieved in 6
ranges.
microscope
projection

%e
N
system )
allows the .
operator to view

the sample through the variable
calibrated measuring slit.

filters can be fitted as can a wide
range of accessories for special

3CS may be interfaced to a mini

computer.

JOYCE
LOEBL

_ Joyce-Loebl

_Great Britaln Tcam Valiey, Gateshead. NET1 0QW ENGLAND, Telephone (0812) 822111, Telea 33257

North America 100A Commerce Way, Woburn, MA 01801 USA. Telephooe (817) 9353111, Teles 949413
West Germany 7417 Plulliagen, ROmentrasne 90, WEST GERMANY, Teiefon (07121) 73021, Telex 0729 81
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Come to Barnes .
for analytical accessories.
You'll be in good company.

Analytical accessories are a Barnes specialty, the only spec-
troscopy products we make. We deliver promptly, off the shelf,
analytical accesories compatible with Beckman, Perkin-Elmer,
and other IR spectrophotometers. Windows, liquid and solid
sampling items, gas cells, reflectance units, and much more.

Barnes quality, too, is compatible with the best. But the prices
are a little lower. Because we have a special department that
makes a big deal out of accessories, while for others it's only
a sideline.

Solve your accessory problem toll free
(800) 243-3498. Or in Conn.(203) 348-5381

Barnes Engineering Company
30 Commerce Road, Stamford, Conn. 06904

CIRCLE 25 ON READER SERVICE CARD

A FAST,EFFICIENT ALTERNATIVE TO KJELDAHL...

The Microprocessor Controlled
MODEL 707 Provides

Nitrogen/ Protein

Analysis. ..

In as Little as

30 Seconds!

MODEL 707
® Accomodates up to 1g
sample size
® 1 nanogram sensitivity
with dynamic range of 10%
® Extended range accessory
(Model 732) allows combined
nitrogen in percentage range

® Uses proven chemilumi-
nescent detection principle

® Microprocessor controlled for
greater stability and
repeatability

® Programmed temperature
parameters

® Handles from 5 to 120
samples per hour

@ ANTEK INSTRUMENTS, INC.
CIRCLE 5 ON READER SERVICE CARD

6005 North Freeway
Houston, Texas 77076
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graph and mass spectrometer and the
other for the data system and com-
puter/plotter. The GC-MS incorpo-
rates a number of features that war-
rant further discussion. The gas chro-
matograph accommodates both
packed and capillary columns and of-
fers a separate flame ionization detec-
tor and an automatic sampler as ac-
cessories, For high-resolution capabili-
ty, a special capillary column accesso-
ry (not shown) admits gas coaxially

at the end of the column to minimize
loss of capillary column liquid phase
and to maintain maximum sample
transmission and GC resolution
through the jet separator. Convention-
al capillary inlets that allow entry of
sample directly into the ion source can
lead to decreases in operating efficien-
cy and to increased maintenance. As
previously indicated, the DP-102 uti-
lizes a jet separator to remove carrier
gas. This system offers chemical ion-
ization as well as electron impact ion-
ization, and reagent gas for CI can be
introduced automatically under com-
puter control. The tip of the direct in-
sertion probe forms an integral part
of a novel rejuvenating ion source that
will be discussed in more detail later.
The probe, which can be automatical-
ly inserted into the ion source under
computer control, ensures that all vac-
uum valves are operated in proper se-
quence and thereby prevents acciden-
tal loss of vacuum. The probe can also
be temperature programmed to per-
mit microdistillation and MS analysis

| of relatively unstable solid substances.

The mass analyzer uses a 58° magnet-
ic sector and scans with rapid acceler-
ating voltage changes to achieve linear
separation of masses. The magnetic
analyzer is used because of its theoret-
ically increased sensitivity and resolu-
tion at high mass. This system is capa-
ble of scan speeds approaching 1000
amu/s. A unique electron multiplier/
computer interface provides a dynam-
ic range of 10 (significantly larger
than even most research mass spec-
trometers). This makes it possible to
detect small peaks accurately in the
presence of major components without
saturating the data system on the
large peaks or sacrificing sensitivity
on small peaks. Consequently, it is
possible to use a single internal stan-
dard concentration for a very broad
range of sample concentrations, there-
by eliminating the need for sample
dilution or repeat analyses at different
instrumental settings. The data sys-
tem consists of an interactive key-
board control center and cathode-ray
tube (CRT) for display. The dedicated
minicomputer has 64K words of direct
memory and a high-capacity disc stor-
age capability of 20 megabytes. A Tek-
tronix hard-copy unit can reproduce
images displayed on the CRT.

Perhaps one of the most unique fea-



SIEMENS

In X-ray spectrometers, cost-effectiveness
is far more important than cost.

There's no arguing. The SRS 200 is
the most cost-effective sequential
spectrometer on the market today.

Depending on model, it can
accommodate up to 80 specimens.
And it's specially designed for
full automation.

It analyzes solids in any
configuration, powders and liquids.
For all elements from fluorine to
uranium ... in standard concentrations
from 0.0001% to 100%. And, with
special sample preparation, trace
analyses in the ppm or sub-ppm ranges.

Control it with your own computer
... or with our floppy-disk-oriented

system. Either way, you can feed it our
software packages for sophisticated
data manipulation and the latest
correction methods.

The computer also controls the filter
aperture changer, and X-ray tube
power setting. A 10-position sample
changer is standard.

The SRS 200 has a 4-KW output
generator powerful enough to operate
two tubes simultaneously. So when
you're ready to expand, you've got
built-in economy.

It also features a detector pulse
spectroscope for initial setup and
observation of the pulse-height

selector. And an X-ray tube that can
be changed in five minutes.

So next time someone talks
about cost, ask him to talk
about effectiveness.

For complete information on the
SRS 200, use the reader-response
card. For more information on our full
range of X-ray analyzers plus a free 30
x 43-inch, four-color wall chart of the
X-ray periodic tabie of the chemical
elements, call or write Mr. Pedro
Arredondo, Siemens Corporation,

2 Pin Oak Lane, Cherry Hill, New
Jersey 08034. (609) 424-9210.

Siemens SRS 200. A little more the day you
buy it, but more for your money for years.
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Ultratrace Metal
Analysis in Biological
Sciences and
Environment

Advances in Chemistry Series No. 172

Terence H. Risby, Editor
Pennsylvania State University

A symposium sponsored by the Division
of Analytical C. istry of the

Chemical Society.

With the improved sensitivities of current
analytical techniques (inductively
coupled plasma, atomic absorption and
atomic emission spectrometry, and
neutron activation). knowledge of the
roles of metals in biochemical processes
and in the environment are continually
expanding.

This new book contains significant
research reports on the collaborated
efforts of biochemists. environmental

ists, and y ists who
are studying metal concentrations in
biological organisms and in air, water,
and soil.

CONTENTS

Trace Element Analys:s n Nutriton e Mutbelement
Analyss with RF-ICP o Health
Buological

Processes
and Iron in Sea Water Derved Samples e Sources of
Metals in the Atmosphere e Bacdius subtiis Strain 168
# Zinc ,n Humans e Serum Copper and Age
263 pages (1979) Clothbound $36.50
LC 78-31903 ISBN 0-8412-0416-0

SIS/American Chemical Society
1155 16th St., N.W./Wash., D.C. 20036

Please send —_ copes of No. 172 Ulratrace
Metal Analyss (ACH 0416-0) at $36 50 per copy

58° Magnetic
Sector Analyzer

\‘\k\ Detector

T — TR A
AN

\
U-Shaped Gas
Chromatograph Column

Figure 6. Schematic representation of DP-102

) cause of d ing perfor-
mance characteristics for most mass
spectrometers is the deposition of in-
sulating layers of organic matter re-
sulting from both samples and column
bleed onto critical surfaces of the ion
source. The process therefore greatly
decreases the frequency of laborious,
time-consuming cleaning procedures
and minimizes disruptions in labora-
tory schedules.

The design of the ion source also
contributes to the speed at which the
instrument can be switched from EI
to CI modes. Since tuning and calibra-
tion are maintained in changing ion-

tures of the system is the ion source.
Figure 7 shows a schematic represen-
tation of the major components. This
unique design enables the user to re-
store the conductivity of source ele-
ments automatically without remov-
ing the source. In this process, argon
is introduced through the CI reag

gas inlet and ionized in a manner anal-
ogous to chemical ionization. The
argon ions are attracted to the gold
probe tip and cause it to sputter gold
atoms that, in turn, coat the critical
source elements. This gold plating of
the critical surfaces restores sensitivi-
ty and resolution. Perhaps the most

Figure 7. Detail p of DP-102 rej ing ion source
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FROM SHIMADZU

Shimadzu, one of the largest and oldest manufacturers of gas chromatographs
inthe world, offers a new line of unique gas chromatograph systems featuring the
utmost in accuracy, versatility, speed, performances,and efficiency at a price any-
one can afford. All Shimadzu GC use the latest technologies to ensure simple
maintenance and maximum reliability. When you think of GC, think of Shimadzu.

Chromatopac C=R1A
Recording Data Processor

Other chromatograph data processors can calculate
common standard calculation routines such as area
normalization, normalization with response factors, external
standardization and internal standardization, but only the
C-R1A goes a step further and calculates calorific value,
steam pressure, liquid specific gravity, deviation from
a standard value, mole density (%)— weight density (%),
and other factors from the results of these calculations

Other outstanding features of the C-R1A include
a thermal printer plotter for chromatograms and data
recording, recording of the names of components, recording
of up to 339 peaks, measurement of peak-top height or
average height, all-new grouping functior, and self-diagnostic
function. These fealures not only ensure fast, precise
analysis, but also free the chromatographer from
troublesome, time-consuming manual calculations
for more important work.

GC-vunn2 Gas Chromatograph

This surprisingly light weight, compact GC system
has the performances of much larger more expensive
systems. Dual column flow and on-column/on-detector
system ensure excellent stability, high sensitivity, and perfect
accuracy. Flow rates and pressures of the gases can be
easily measured using one-touch connectors and fiow
monitors in the gas flow lines.

Unique oven temperature control System maintains
the oven at room temperature, even when the injection port
temperature is high. Contamination-free flame ionization
detector exhausts the vapor from the flame directly from
the jet to a cylindrical ion collector and vent at the top.

GC-mini 2 easily disassembies into four main
modules — column oven, injection port/detector, flow control
unit, and electric control unit— for quick, easy maintenance.
The electric control unit further disassembles into six
sub-units, thus simplifying maintenance still further.

mm
GC-7AG Series 3
Ghost-Cut |
Gas Chromatograph | - l

Add the GC-7AG and GC-6AM
and you have a complete
system capable of meeting
your ever changing GC needs.

SHIMADZU

SCIENTIFIC INSTRUMENTS, INC.

© Write today for more information on these and other Shimadzu labor and cost saving instruments.

SHIMADZU SCIENTIFIC INSTRUMENTS, INC.
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The annual ACS
LabGuide is the
definitive directory to
scientific instruments,
equipment, chemicals,
services, books, trade
names, manufacturers
and their sales offices.

It leads all others in
editorial pages, in
advertising pages, and
in reader usage: more
than 70,000 inquiries
every year.

Du Pont
DP-102
sector
Electron impact and
chemical ionization
Automatic source
Jet separator
Mass range (amu) 1000
Max scan rate 1000
(amu/s)
Pump-down time 60 60 45 (10 min with
(min) turbomolecular pump)
Computer storage 32K (core) 31K (core) 64K (core)
250K (tape) 80K (tape) 20 000K (disc)
Cost ($) 49 500 60 000 135 000

“*Standard configurations are described; other options are avallable on request.

ization modes, switching from El to
CI can be accomplished almost in-
stantly (6 s) either under computer
control or by direct instruction from
the keyboard. The system can thus
produce EI and CI spectra on the
same GC peak, thereby giving both
structural and molecular weight infor-
mation.

Due to the speed and capacity of
the data system, the DP-102 provides
a variety of useful software routines.
Like the Hewlett-Packard 5992, the
DP-102 offers a computer-directed
tune-up procedure. Unlike the 5992,
however, this tune-up procedure is not
fully automatic, and the operator re-
tains control. Nevertheless, the proce-
dure is as rapid as the fully automatic
methods and takes only a few minutes
to complete. The procedure simulta-
neously optimizes resolution and sen-
sitivity for EI as well as CI. The sys-
tem can acquire and store mass spec-
tra conventionally, perform SIM for
up to 9 ions, and can do a combination
of continuous scanning and SIM. The
latter approach makes possible pre-
sumptive searches at high sensitivity
in selected areas of the chromatogram
by SIM while allowing for full search-
es in other areas of the chromatogram
where unknowns may elute. The sys-
tem provides real time displays and
on-line searches against a library of
more than 31 000 spectra so that
peaks can be identified as they elute.
Various display formats are available
and can include as many as four sepa-
rate chromatograms or operations
(e.g., total ion chromatogram plus one
or two selected mass chromatograms
plus a selected mass spectrum) and a
library search. All of these can be list-
ed on the same printout.

As a result of its high capacity data
system and overall system flexibility,

540 A * ANALYTICAL CHEMISTRY, VOL. 51, NO. 4, APRIL 1979

the DP-102 competes effectively with
the most advanced research mass
spectrometers. It is more costly than
the other systems discussed here, but
for the user who requires the addition-
al flexibility, it provides many conve-
nient and useful features.

Summary

Key characteristics of the three
GC-MS systems are detailed in a com-
parative format in Table 1. As with all
instrumentation, the potential labora-
tory user must consider his present
and future analytical needs as well as
the performance capabilities, design
compromises, and price of the equip-
ment.

Clearly, the two lower-cost systems
(HP and Vitek) fall into a separate
category from the Du Pont, based
solely on the size of the laboratory's
budget. The Du Pont instrument illus-
trates the additional flexibility that
can be obtained in GC-MS and the
price increment required. In particu-
lar, the availability of chemical ioniza-
tion in an automatic mode with this
system provides for ease of operation
and increases the analytical sensitivity
to larger molecular weight ions. Data
storage and reporting modes are great-
ly enlarged and provide more exten-
sive search capabilities for identifica-
tion of unknowns. Automatic source
rejuvenation and numerous other con-
venience features are included in the
package.

The only system designed specifi-
cally for clinical laboratory analytical
applications is the Vitek Olfax; yet,
it retains most of the classical capabil-
ities of GC-MS systems. The mass
range limit is lowest (400 amu) and
the maximum scan rate is least (150
amu/s). Nevertheless, the Olfax’s effi-
cient use of the probability-based




Kewaunee HOOD 22 V'Auxiliary Air System

* Upgrades the Performance of Existing Fume Hoods

Most manufacturers now offer—and
strongly recommend—fume hoods
with integral auxihiary air systems to
reduce the loss of conditioned air
exhausted through laboratory fume
hoods. But what about laboratories
with several existing non-auxihiary air
type fume hoods? Are these facilities
to be forced to scrap their present
equipment in order to meet higher
velocity requirements and avoid the
increased energy costs”?

To solve this problem. Kewaunee
now offers a practical and highly ef-

14

3 . SASH
\ | PARTIALLY OPEN

* Reduces Energy Consumption
* Improves Laboratory Safety

fective way ta upgrade the perform-
ance of existing fume hoods—the
HOODAIRE Auxihiary Air System
Utilizing a unique patented design,
the HOODAIRE System reduces the
loss of expensive conditioned air by
as much as 70% while, at the same
time. 1t substantially improves fume
hood safety. It readily adapts to most
existing laboratory fume hoods. and it
can provide a complete range of im-
portant safety features

For complete information, call or
write

kewaunee

Kewaunee Scientific Equipment Cerp
Metal Furniture Division

Adrian. Michigan 49221

Phone 517 263-5731
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Scientific Glass Engineering Pty.Ltd.

Head Office European Office U.S.A Office
Scieniitc Glass Engnesring Pty Lid Scientihic Glass €
Vi1 Arden 81 North Maibourmne. 3081 657 Noath Curcular
Austisha Great

Ter 01 4% 6244

insenng (U
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Sampling 2 or 3 ul.
is no laughing matter.

Are you injecting 2 or 3 ul samples, or even less, using a
10 pl syringe and experiencing traditional difficulties of
bending plungers and fixed needles? Not to rnennon
loss of accuracy due to btf

The SGES5 ul synn

short-scale

gs.

with removable needle (RN) and
plunger (GP) takes care of that.

The illustrated 5A-RN-GP syringe has an extended
barrel and reinforced plunger plus a leak-free
removable needle which combine to give the

syrin{

strength and durability for a long service
ife. Injection is smooth and accurate. Also
available in 10, 15 and 25 pl versions.

And that is really something to smile about.

Please write for our **Precision Microlitre

Syringe" catalogue.

LALGHING
KOOKNABURRA
Ducelo Gigas

SLE5E

KL Scientifc Glass £ Inc
oad London NWZ TAY 7800 Longhorn Brg. S 104
A
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matching technique permits its suc-
cessful application to the analysis of
a wide variety of drugs and other bio
logical compounds in complex matri-
ces and under conditions in which
they may not be totally resolved by
the gas chromatograph.

The Hewlett-Packard product is a

highly efficient, compact GC-MS that
offers considerable performance at the

lowest system price. The system in-

cludes HP components that have been

previously utilized in other applica-

tions (e.g., the gas chromatograph and

calculator/plotter). The unique con-
struction of the diffusion pump and
mass spectrometer components pro-
duces a compact and convenient over
all instrument design, and the only
major disadvantage is the inability to
use chemical ionization.

We expect that other manufacturers
will note the opportunities for special-
ized GC-MS systems and that new in-

struments will be introduced with
competitive features. More wide-
spread application of GC-MS tech-

niques in the fields of clinical toxicolo-

gy, therapeutic drug monitoring, fo-
rensic analysis, and analysis of envi-

expected.
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@TSKSEL PACKINGS & PACKED COLUMNS
Vanous types and grade covering total fheld
of HPLC

Fully porous microspheres with narrow size
@stribution

High theoretical plate number

Stable physical and chemical properties
Little swelling and shrinkage

@TSK STANDARD POLYMER Avadable in two models.

TSK STANDARD POLYSTYRENE for orgamc solvents
20 types.covenng mol wt range from 300 to 20.000.000
TSK STANDARD POLY(ETHYLENE OXIDE)for aqueous
solvents 7 types. covenng mol wi range fram 20,000
to 1.500,000

OISKEEL TOVOPEARL

TOYOPEARL 15 hydrophiic polymer made, semingd and
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Supplied as bulk packings suspended in water Use of
TOYOPEARL in place of the conventional soft gels will
Ve you many advantages
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Reodyne simples

LC sample injection again.
We made the best injector

even better.

Rheodynes Model 7120 Syringe Loading Sample
Injector has carved out an outstanding reputation
in the LC field Last year sales more than doubled
People seemto think it's the best around - and we
modestly agree Now we ve made it even better — with
new features that make sample injection simpler
than ever belore

Flushing now unnecessary.

With the improved valve. Model 7125. the entire
contents of the microsyringe i1s injected into the sample
loop and flows to the column No sample is left
behind in the valve Consequently. you dont have to
flush the valve between injections unless you re
doing trace analysis

Further improvements.

The needle seal is now self adjusting. An optional
switch signals time of injection. And mounting panels
for LC systems are available.

Our new Model 7125 replaces the popular 7120
in all applications. Does all the 7120 does and more
Has the same mounting dimensions. Price is $540.

New automatic model.

Our automatic Model 7126 combines the new
7125 with pneumatic actuators and time-of-injection
switch so you can use it in automatic LC systems
Compact. Sturdy. Reliable
May be used in the manual
injection mode anytime
you wish. Price is $780

Get the details now.
Contact Rheodyne Inc..
2809 Tenth Street. Berkeley.
California 94710. Phone
(415) 548-5374

=3¢
RHEODYNE

THE LC CONNECTION COMPANY
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LABORATORY SERVICE CENTER

f-Ami

iCAcid » A

Pyrrolidinedithiocarbamate e Anisoin
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Cleaning Our Environment—An Update

The ACS Committee on Environmental Improvement has issued a new edition
of its report “Cleaning Our Environment” with the subtitle “A Chemical Per-
spective” as a follow-up to its 1969 report, subtitled *T'he Chemical Basis for
Action”. In an AC editorial in November 1969, the recommendations contained
in the report were examined from the viewpoint of their analytical implications.
Of the 33 recommendations, six were specifically directed to research in ana-
lytical chemistry and instrumentation, while many others had direct or indirect
analytical components. It was clear in 1969 that to make significant progress in
implementing the recommendations it would be necessary to include a great deal
of highly competent analytical work, both as a service function and as research
and development in its own right.

The new edition differs markedly from the old in devoting a separate chapter
to Chemical Analysis and Monitoring, rather than scattering this material
through the various sections on air, water, solid wastes, and pesticides. In this
chapter, recognition is given to the accomplishments of analysts in refining ex-
isting techniques and to developing new methods for identifying and measuring
previously unsuspected constituents of the environment. At the same time, it
is acknowledged that “progress in environmental measurement has been slow,
in part because of the persistent shertage of specialists in the field. Analysis too
often is treated as a secondary activity and assigned to unqualified personnel.
One result has been masses of environmental data that frequently are useless
for the intended purposes.”

Four recommendations in this chapter deal with the needs for additional
funding for training in analytical chemistry and for research and development
on new and improved analytical methods. Analytical scientists are urged to take
the initiative in quality assurance of environmental analytical methods, and to
give balanced attention to two types of techniques, namely those aimed at specific
compounds and those aimed at classes of substances. Simple, low-cost methods
suitable for mass application are to be preferred. Many of the recommendations
in other chapters also involve analytical methods and instrumentation.

The ACS Committee on Environmental Improvement has appointed a Sub-
committee on Environmental Analytical Chemistry with Dr. Warren B. Crum-
mett of Dow Chemical Co. as Chairman. The goal of the Subcommittee is to set
forth the minimum criteria for the validation of an environmental analytical
method. Brief statements concerning sampling and sample handling, calibration
and standardization, measurement validation, data handling, and establishing
acceptability are to be formulated. This action should constitute an important
initial step toward improving the usefulness, credibility, and reliability of en-

vironmental analytical data.
/ f e
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Two-Dimensional Chemical State Plots: A Standardized Data
Set for Use in Identifying Chemical States by X-Ray

Photoelectron Spectroscopy

C. D. Wagner,'* L. H. Gale, and R. H. Raymond
Shell Development Company, P.O. Box 1380, Houston, Texas 77001

The combined use of both photoelectron and X-ray excited
Auger lines increases the utility of ESCA for Identifying
chemical states. A useful format for displaying reference data
Is the two-dimensional plot where the kinetic energy of the
nhupestAugerlhelsplcmedvs the binding energy of the most
Int toelectron line. A pilation of data for 24 el-
t Is pr d, Including critically luated data from
the literature which have been referenced to a uniform cal-
Ibration line. The format of the plots is applicable to data
btained with | of any energy. The data in-
cluded for silicon, bromlne and tungsten were obtained with
higher energy X-rays from a Au X-ray source.

The ESCA (Electron Spectroscopy for Chemical Analysis)
or XPS (X-Ray Photoelectron Spectroscopy) technique has
a special value among methods for analysis of surfaces because
it furnishes information on the nature of chemical states. This
is possible because the X-radiation used ordinarily does not
produce chemical changes in the surface layers.

In the original concept (1), chemical shifts in photoelectron
energies were stressed as the means by which chemical states
can be identified. This feature is limited, however, since ranges
in chemical shifts for some elements are small, and because
there are difficulties in defining accurately the spectral line
energies from insulating samples due to static charging.

There are other spectral features that can be useful in
identifying chemical states. It has been found that chemical
shifts in X-ray excited Auger lines are usually larger and very
different from those in photoelectron lines (2). Those Auger
lines that originate from Auger transitions resulting in va-
cancies in core levels have at least one sharp, intense com-
ponent (3). Chemical shifts in this component can be
measured as accurately as those in photoelectron lines, and
this extra information is of significant value.

Since the chemical shifts of photoelectrons and Auger
electrons are different, the differences between their kinetic
energies constitute a special spectral property. This difference
has been called the Auger parameter (4) and its numerical
value is unique to each chemical state. It is more accurately
determinable than either the photoelectron or Auger electron
energy alone, because the static charge corrections in these
lines then cancel. The chemical shift in the Auger parameter
between two chemical states is related to the difference in
extra-atomic relaxation energy between the two chemical
states (5).

The Auger parameter is still a one-dimensional quantity,
like the photoelectron energy or the Auger electron energy
alone. A concept that makes independent use of the energies
of the photoelectrons and the Auger electrons, as well as the
Auger parameter, is the two-dimensional chemical state plot
(6). In this, for each element, the kinetic energies of pho-

! Present address: 29 Starview Drive, Oakland, California 94618.

0003-2700/79/0351-0466$01.00/0

toelectrons for various cherical states are plotted on the
abscissa, and those of corresponding Auger electrons on the
ordinate. Each chemical state then occupies a unique position
on the two-dimensional grid. An Auger parameter grid is also
drawn as a family of parallel lines with slope +1. All points
on any one of these lines have the same value of the Auger
parameter. Points representing insulating chemical states,
plotted to indicate error probability, take the form of rec-
tangles about 0.7 eV long and 0.2 eV wide, parallel to the lines
of the Auger parameter grid. The long dimension represents
the error due to static charge correction. At right angles, this
correction cancels and the error is minimized.

The form of the plot has evolved in several stages. At
present we have arrived at a format we feel will be generally
satisfactory for data presentation in the future. Accordingly,
we present herewith, in this form, our present collection of
data from this laboratory for a number of elements. We also
include the available data from the literature for each element,
corrected by static charge referencing to the same standard
values. Data from other laboratories are not included when
we do not have confidence in their method of static charge
correction (7) (see below). Data for elements not included are
scattered and few and do not warrant presentation in these
plots; but many of them have been collected in tabular form
(8).

Format of the Plots: The Modified Auger Parameter.
Our previous format involved direct plotting of kinetic energies
of Auger and photoelectrons. Values of the Auger parameter
were shown on the diagonal grid. Disadvantages were: (1)
kinetic energies of photoelectrons and hence values of the
Auger parameter were dependent upon the photon energy
used, and (2) values of the Auger parameter were often
negative. We are indebted to Gaarenstroom and Winograd
(9) for modifying the Auger parameter, by adding the Auger
kinetic energy and the photeelectron binding energy. This
has advantages in this presentation. In this approach, we plot
Auger kinetic energy on the ordinate and photoelectron
binding energy decreasing on the abscissa (essentially, still,
a plot with kinetic energy increasing on the abscissa). The
sum of the photoelectron binding energy and the Auger kinetic
energy is then the Auger parameter plus the photon energy,
according to:

a = KE, - KE,
KE, = hv - BE,
a+ hy = KE, + BE, =

where a is the Auger parameter, KE, is the kinetic energy
of the Auger electron, and KE; and BE,, are the kinetic energy
and binding energy of the photoelectron all referred to the
Fermi level.

‘The quantity a + hv or o/, which we call the modified Auger
parameter, is independent of the photon energy since both
KE, and BE, are independent of photon energy. Thus, these

© 1979 American Chemical Society



Table I. Suitable Lines for Chemical State Plots

photo-
elec-
tron
radiation element line Auger line
Al Ka F 1s KvVV
(1486.6 Ne, Na 1s KL,,L,,
eV) (‘D)
Mg 1s,2p KL,L,,
‘D
Ar, K, Ca, Sc 2p,;;  LM;M,,
_ ('P) + L,M,,M,,(D)
Ti, Mn 2ps; LM,y
Fe, Co, Ni 2p,, L,VV
Cu, Zn, Ga 2p,;,  LM,M,
(G, >P,'D,)
Ge, As 2psp, LM M,
38 d, %, p,)
Se 3d LM M,
('G,, °P, 'D;)
Ru, Rh, Pd 3d,, M,VV
Ag Cd,In,Sn, 3d,, M,N,N,
Sb, Te, I, Xe, ('G,'D,)
Cs, Ba
Hg, TI,Pb,Bi  4f,, N,0,0,
AuMa Al Si 1s KL,,L,,
(2122.9 Se, Br, Kr,Rb, 2p,, LM,M,
eV) Sr, Y
Hf, Ta, W,Re, 3d,, M,N_N,,
Os, Ir
Agla P,S,Cl 1s KL,,L,,
(2984.3 Zr,Nb,Mo, Ru 2p,, LMM,
eV)
Pt, Au, Hg, Tl, 3d,, M,N;N,
, Bi
Ti Ka Ar, K, Ca 1s KL,L,
(4510.9 Rh, Pd, Ag, 2p,;, L.M;N,
eV) Cd, In, Sn,
Sb, Te
Th, U 3d,;, M.N,N,

plots can be constructed with no notation of the photon energy
used, and can be applied to ESCA data obtained using any
X-ray source.

Suitable Spectral Lines. Spectral lines suitable for this
approach are shown in Table I. A new series of Auger lines
not previously cited is included, the Ng;045045 lines, which
should be useful for Hg, T, Pb, and Bi (10). Gold, silver, and
titanium X-rays are shown as examples of X-rays of higher
energy, by which suitable Auger lines can be recorded for
elements that provide no useful Auger lines with Mg or Al
X-radiation (17). Three of the chemical state plots included
herewith were developed with AuM X-radiation (Si, Br, and
W) (11).

Intensity of the Auger Lines. In most cases, the pho-
toelectron used is from the process that results in the initial
core shell vacancy involved in the subsequent Auger transition.
The total number of Auger electrons resulting from vacancies
in a given core shell should almost equal the number of
photoelectrons, since the fluorescence yield in this energy
range is extremely small. However, since there are a number
of different energies of Auger electrons arising from the initial
vacancy in one shell, the yield at any one energy is consid-
erably less than the photoelectron yield. Nevertheless,
normally the intensity (peak height) of the sharpest Auger
line ranges from 15-40% of the parent photoelectron line when
both are of similar kinetic energy. Instrument transmission
and electron mean free path considerations change this ratio
when the kinetic energies are disparate. The width of the
Auger line used is similar to that of the photoelectron line.

When L X-rays (such as Ag) or M X-rays (such as Au) are
used, the characteristic X-radiation contains a strong f
component, and the individual X-ray lines themselves are
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significantly wider (ca. 2 eV) than that from Mg or AL
Therefore, the photoelectron lines are wider and are split into
two major components. Moreover, there is enhanced ioni-
zation from bremsstrahlung, so that the Auger line intensity
is enhanced. Thus, with these sources of radiation, the Auger
line is sharper and usually considerably more intense than the
parent photoelectron line.

Valence-Type Auger Lines. Most of the plots shown here
are for core-type Auger lines (final vacancies in core levels).
Those transitions involving valence levels are usually more
complex, leading to wide lines and sometimes Auger line
groups of very different distributions. Included in the plots
are valence-type Auger lines for F, Ti, Mn, Fe, Co, Ni, Cu,
Ru, Rh, Pd, and Ag. Those from F, Ni, Cu, and Ag appear
to be quasi-atomic transitions (12) and the lines are sharp
resembling closely the core-type lines of higher Z elements.
The valence Auger lines of Ti, Mn, Fe, Co, Ru, Rh, and Pd
are nevertheless useful.

EXPERIMENTAL

Data in this laboratory were obtained with a Varian IEE-16
spectrometer operated with Mg or Al X-rays at 10 kV, 100 mA,
scanning in 0.1-0.2 eV steps by varying the retarding voltage
applied to the sample. The analyzing energy was a constant 100
eV, giving a 1.0-eV instrumental line width. Samples were
cylindrical in shape, ca. 1 cm o.d. by 1 cm long. Conducting
samples were prepared by direct fabrication, cleaning, and then
abrasion in nitrogen, or by vapor deposition in the instr
They were mounted in electrical contact with the retarding voltage
supply. Insulating samples were ground in an alumina mortar
in a nitrogen glove box, dusted onto polymer film tape mounted
on an aluminum cylinder, and transferred to the instrument
without access to air.

Data were obtained in 10-20 volt scans, summing channel data
until counts in the peak channel were at least several thousand
above background.

Calibration and Charge-Referencing. Spectral energy data
useful for identification of chemical states must be quoted with
respect to an energy scale accurate in magnitude and with its
absolute position established. The voltage scale used here was
checked by measuring the difference in binding energy between
initial and final states of known X-ray transitions, such as Mg
Ka, Zn La, Ga La, and Ge La X-rays (7, 13). These intervals
checked the known X-ray energies within 0.1 eV. A spectrometer
work function was assumed so that the Au 4f;/, line appeared at
83.8 eV. With this setting the Cu 2pj), line was at 932.4 eV.
Residual hydrocarbon on standard abraded copper and gold
appeared consistently at 284.6 eV. This value agrees with that
expected from the C 1s - Au 4f;, value of 200.8 eV obtained by
Jorgensen and Berthou (14) and Kinoshita et al. (15). The value
of 284.6 eV for adventitious hydrocarbon was then used to correct
energies of lines from insulators for static ch which, in the
Varian instrument, amounted to up to 5 eV. !

Inclusion of data from the literature requires, in many cases,
transposition to this voltage scale. Data for conducting samples
were modified when the instrumental voltage scale was specified
so that Au 4f; , is at other than 83.8 eV. Since data were almost
never suppliec{ in those papers to enable checking the magnitude
of the voltage scale (e.g., the position of a natural line at high
binding energy), the assumption had to be made that the voltage
scale magnitude was accurate. Nevertheless, some literature values
appeared out of line, and in exceptional cases these were rejected
under the assumption of voltage scale inaccuracy.

Literature data on insulating samples were used if the charge
referencing method was believed to be valid (7). Methods include:

(1) Use of thin samples, if they are so thin that conductive
backing lines are detected in good intensity.

(2) Use of the gold decoration method, if it seems to be done
properly (7).

(3) Use of the adventitious hydrocarbon C 1s line.

(4) Use of the C 1s line of internal hydrocarbon groups in the
sample. Cyano ligands were also used.

(5) Use of vapor deposition with co-condensation of a hy-
drocarbon. Values used throughout were 83.8 eV for Au 4f;; and
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284.6 eV for C 1s. Validity of the latter value for internal ref-
erencing using cyano groups seems justified by the work of
Vannerberg (16).
Data acquu‘ed by ceﬂam other methods were not included (7).
ly charge refi g by physically mixing
a mhbrant powder. Use of a C 1s signal from polymer film sample
mount was also rejected as inherently invalid, for the same reasons.
Auger energies derived from electron beam ionization were not
included, since the companion photoelectron energies must be
obtained from separate experiments involving photon irradiation.
Construction of the Plots. The data for each element is
shown as a rectangle containing the chemical structure. Those
data points obtained from the literature contain superscripts
indicating the literature reference. Tables within the plots include
other data that are either off-scale or that cannot be included
because of crowding. Off-scale points are shown at the border
of the plots at the proper value of the Auger Parameter.
Limited label size makes it necessary to use some abbreviations.
These are: R = alkyl; Me, Et, Pr, Bu, etc. = specific alkyl groups;
Ph = phenyl; L = P(CgHj);; acac = acetylacetonate; N = NH,;
ox = surface oxidized in air; sulf = surface treated with H,S; NIT,
= (NO,),; aq = hydrate; CN, = (CN),; tu = thiourea; tm =
tetramethylthiourea; Ac = CH3CO; and cp, = (cyclo-CsHjg),..
Data for many ds from this laboratory have appeared
in several articles (2-4, 6, 8, 11) but no effort is made here to
indicate the data that have been previously published.

COMMENTS ON THE PLOTS

Fluorine. The fluorine KVV line has the distinctive
KLyLy; character of core-type Auger lines, even though final
vacancies in the transition are in valence ievels. Covalent
fluorine compounds (organic) are grouped in the lower left
hand corner (low kinetic energies for the Auger and photo-
electron lines). Compounds containing complex fluoroanicns
are grouped in the middle of the plot, while binary fluorides
tend to be grouped in the upper right hand corner (high kinetic
energies). A fluorinated graphite with the composition C,F,
which is conductive, has an expected high o’ of 1343.9. In
contrast, the bulk of the fluorine compounds are between 1339
and 1342,

Sodium. Sodium exhibits the typical core-type Auger line.
The photoelectron chemical shift is small, less than 2 eV. In
contrast, the Auger line exhibits a ca. 6.5-eV range. Com-
pounds containing fluoride and complex fluoranions have low
values for o, ca. 2060, while all other compounds fall between
2060 and 2063.

Magnesium. Magnesium also exhibits a very small
chemical shift for the photoelectron line; however, the shift
in the Auger line is very large, almost 8 eV between Mg metal
and MgF,. Two plots are shown, one for the low kinetic energy
1s photoelectron line and one for the higher kinetic energy
2p line.

Silicon. Data for solids were obtained with Au Ma X-rays
(2122.9 eV). The value of « for the insulating solids are
similar, ca. 1712, 3 eV below that for Si, and 2 eV above those
of the gaseous compounds (11).

Titanium. The L;My;V group was selected as the rep-
resentative Auger group because it is sharper than the
somewhat more intense LVV line. The chemical shifts of both
the LyMo3V and the 2py; photoelectron line span more than
8 eV. The Auger parameter exhibits a large spread of 5 eV.

Manganese. With manganese, there are substantial
chemical shifts in the most intense lines (2p;/s, L;My3V) but
the Auger group is often broad (5-8 eV fwhm) and somewhat
variable in intensity.

Iron. With iron, the L;VV peak appears best for use. The
dispersion on the plot is very great, providing a very
meaningful and potentially useful chemical state plot in spite
of the frequent great width of Auger peak. Some of the peaks,
particularly those for the oxides, have ca. 8-10 eV fwhm. On
the other hand, the conductive FeS; has a very sharp Auger

peak that can hardly be differentiated spectrally from Fe
metal. The Auger peaks tend to be sharp in the diamagnetic
compounds.

Cobalt. Cobalt compounds are dispersed on the plot as
widely as iron compounds. Again, one sulfide is not signif-
icantly different from the pure metal in terms of line shape
and position. Some of the paramagnetic compounds exhibit
wide and blunt Auger peaks.

Nickel. The nickel L;VV Auger peak has developed a
quasi-core character and is very sharp in many nickel com-
pounds. However, NiO is a great exception. The intense
Auger group is nearly square, extending over more than 10
eV. The points plotted on the chart are for the center of this
extended group.

Copper. The Auger lines with copper assume a more
consistent character, upon the transition to core-type (12).
Note that there is no significant chemical shift in the 2p;,
line for cuprous type copper, but the Auger line shift permits
differentiation of these compounds. Cupric compounds are
dispersed rather widely.

Zinc. The Auger group shows the typical distribution of
the LMM core-type Auger lines. There is almost no chemical
shift in the photoelectron line but a good shift in the Auger
line of several electron volts.

Arsenic, Selenium. These plots, utilizing the many data
of Bahl et al., exemplify the ideal—a slope of ca. 3 and very
large dispersion. The theory (4) predicts a chemical shift in
the Auger line three times that in the photoelectron line.
There are two plots for arsenic, one for the high binding energy
2p3); line and another for the low binding energy 3d line.

Bromine. Au Ma (2122.9 eV) photons were used to record
the higher BE 2p;,, photoelectron and the high KE L;M;sM,;
Auger electrons (11). Very little dispersion in Auger parameter
was observed with the few solid compounds tested, but, as with
silicon, values of o’ for gaseous compounds were lower.

Rhodium. Significant dispersion is achieved here with a
rather large number of compounds.

Palladium. At Pd, the final state in the Auger transition
is not yet in a core level, but the My;VV group is broadening,
prior to dividing into the M, and M; components. While the
spectrometer does not resolve them, the peak corresponding
to the My component provides a clear and measurable peak.

Silver. Silver has essentially no chemical shift in the 3ds/,
line at all, but a good one in the MyN;N,; line. The latter,
now separated from the Ms component, is quite sharply
defined.

Cadmium. Again, there is almost no chemical shift in the
photoelectron line but a gocd dispersion in the Auger line.

Indium. Here the dispersion is good, with a slight pho-
toelectron chemical shift as well.

Tin, Antimony, Tellurium. With these, the plots have
the ideal slope of ca. 3, and very large chemical shifts.

Iodine. Data are difficult to collect because of interference
of the Auger peak with O(KVV), but data available indicate
little chemical shift among simple iodides. There seems to
be little variation in the Auger parameter, even between
periodate and iodide.

Tungsten. Extensive data were recorded with Au, M
radiation, to test the concept applied to the heavy transition
metal series. The MsN;N; Auger groups are intense and sharp,
30% of the intensity of the W 3d;,, line as recorded. Line
position data for the compounds show excellent dispersion
in chemical shift in two dimensions. This should be roughly
representative of data for all the heavy metals.

Use of the Chemical State Plots. The positions of the
photoelectron and Auger lines from an unknown sample
should be located on the appropriate elemental plot. Chemical
states which have lines located more than ca. 1 eV away from



the data point of the unknown can generally be excluded from
consideration. Chemical compounds which coincide or are
close to the data point for the unknown are potential can-
didates if they are consistent with other knowledge of the
chemical composition. The possibility should, of course, be
borne in mind that a chemical compound not recorded on the
plot may have these coordinates.

One further caution needs to be exercised. A conductive
state in a state of nearly atomic subdivision on an insulator
may emit photoelectrons as much as 1 eV lower kinetic energy,
and Auger electrons as much as 3 eV lower kinetic energy.
This shift results from the loss of polarization energy in the
conduction electrons. Conversely, lines of an extremely thin
insulator on a conductor may be shifted to higher kinetic
energies, because of a gain in polarization energy or extra-
atomic relaxation energy.

CONCLUSION
Twenty-six chemical state plots for twenty-four elements

are presented. Data for three of them were obtained using
radiation of higher photon energy than that of Al Ka.
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but also to establish a convenient standard format for
presentation of such line position data in the future.
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Surface Analyses by a Triboelectric Charging Technique

Harry W. Gibson,* John M. Pochan, and F. C. Bailey
Webster Research Center, Xerox Corporation, Webster, New York

A device for Ing trib tric charge hange Is
described. Triboelectric charging is a surface phenomenon.
It Is sensitive to the chemical (molecular) structure of the
surface. The utllity of the technique for detection of surface
contamination by mass transfer and of chemical transfor-
mations of surfaces Is d ated by d iption of several
examples. Not only can such changes be detected, but by
&k ledge of the relationship bet lectric charging
and molecul , deducti as to the nature of the
new surface specles can be made.

Triboelectrification is a well known phenomenon (1, 2). It
is essential in the processes of xerography (3, 4), electrostatic
painting (5), and electrostatic separations (6), among others
(6-8). While most of the work on triboelectric charging is
directed toward these ends, the sensitivity of triboelectrifi-
cation to the presence of foreign species on the surface also
offers the opportunity for its utilization in analytical tech-
niques for surfaces. The present communication describes
the utility of triboelectrification to detect surface contami-
nation in one system in some detail. Then several examples
of the sensitivity of the technique to chemical alterations of
surfaces are discussed.

EXPERIMENTAL

Triboelectric Charging Measurements. The device of
Figure 1 was employed. The angle of the incline was 45°. The
drop height from the hopper to the film was 1 cm. The path length
was 7 inches. The hopper of 1-inch width was centered on the
width (4 inches) of the film. The electrometer was a Keithley
Model 610C (solid state) operated in the fast feedback mode on
the 107 coulomb scale. A Mettler P1200N balance was employed
for mass measurements. The entire setup except for the elec-
trometer was housed in a dry box maintained at zero humidity
under a positive pressure of air passed through several drying
columns. Films and beads were dried as indicated in the vacuum
antechamber of the dry box prior to examination.

Film Preparation. Films were cast from solutions as indicated
by use of a motorized Gardner Laboratory draw bar coater,
typically with 10 wt % solutions and an 8-mil draw bar.

Metal Beads. The 100-um nickel berry beads were obtained
from Sherritt-Gordon Co. The 100-um steel beads were acquired
from Nuclear Metals Co. All beads were washed, dried and stored
as per Table I.

Organic Materials. J. Yanus of Xerox Corporation supplied
a sample of bis(4-diethylamino-2-methylphenyl)phenylmethane
(1). General Electric Co. supplied Lexan 145 (2) in pellet form,
which was precipitated once from chloroform into methanol prior
to use. R. L. Schank of Xerox Corporation provided a sample
of acetone oxime blocked toluene-24-diisocyanate (5). At
temperatures above 110 °C, this blocked diisocyanate efficiently
reverts to oxime and -2,4-diisocy (9). Dow
666U polystyrene that had been precipitated once from tetra-
hydrofuran into methanol was employed in the oxidation ex-
periment. For the sulfonation experiment, a free-standing film
of Dow Trycite, type 1000 was used.

Reaction of Blocked Diisocyanate 5 and Copolymer 7. A
film was prepared as described above from the following solution:
0.4751¢g of 7 (0.288 mequiv of hydroxyl) (10), 0.498 g of 5 (0.312

of i g ) and 10 mL of THF. The film was
dned at room temperature in vacuo for several hours. Then it

14580

Table I. Effect of Exposure® to 1 on the Charging® of
Metal Beads® vs Fresh Lexan Films?

bead charge (nC/g)®

clean bead bead exposed clean bead
bead (1st) to 1 (2nd) (3rd)
100-pm +1.24 2 0.09 —1.32+ 0.05 +0.595 = 0.055
nickel
berry
100-um -1.64:0.13 -2.86+: 0.15 -2.10= 0.16
steel

@ Exposed by cascading clean beads once over a pure
film of 1 on cascade device (Figure 1). Film of 1 was cast
from 10 wt % CH, Cl, solution onto brush grained alumi-
num using an 0.008-inch draw bar; dried at 25 °C, 1 mm
Hg for 48 h. Thickness ~20 um. © Charging measure-
ments on cascade device of Figure 1 at zero humidity.
¢ Washed successively with n-hexane, acetone, water,
methanol, methylene chloride, carbon tetrachloride,
chloroform, and diethyl ether; dried at 45 °C, 4 mm Hg
for 64 h; 25 °C, 1 mm Hg for 6 h; stored in grounded
capped aluminum bottles in dry box at 0% relative humid-
ity. Films cast onto brush-grained aluminum substrates
using 10% by weight methylene chloride solutions and
0.008-inch draw bar; dried at 25 °C, 1 mm for 16-63 h;
thickness ~20 um. Fresh in this context means that the
film has not been contacted with anything prior to the ex-
periment. ¢ Average of 3 to 9 determinations (2-8 g
each) = standard deviation.

was heated in an oven at 185 °C incrementaly. After each heating
period, the triboelectric charging capacity of the film was de-
termined.

When this reaction was carried out on an NaCl disk, the in-
frared spectrum underwent a sharpening and increase in intensity
of the 1715 em™ (C=0) peak, loss of the 3360 cm™ (OH) peak,
and slight enhancement of the weak 3420 cm™ (NH) peak.

DISCUSSION

Triboelectrification Measurements. The device used
to measure the triboelectrification is shown in Figure 1. It
consists of a grounded inclined plane. A film of the substance
to be examined is mounted on this plane. Typically these films
are cast from solution onto an aluminum sheet, but free-
standing films can be used. At the top of the incline is a
grounded metal hopper which contains metal beads. The
metal beads are allowed to cascade down the film and are
caught in a metal receptacle isolated from the surroundings
by a metal Faraday cage. The receptacle is not grounded but
rather is attached to an electrometer, which is used to measure
the charge on the beads. By measuring the mass of the beads,
the charge to mass ratio (Q/M) characteristic of the film and
metal bead is obtained. @/M is independent of mass over the
range of masses employed. The device is an adaptation (11)
of an apparatus previously reported (6). Good reproducibility
is generally obtained with the device. For example, using six
Lexan polycarbonate films on aluminum substrates and four
to seven individual charging determinations on each film, the
average charging value was +1.11 = 0.14 nanocoulombs (nC)
per gram of 100-um diameter nickel berry.

Our experience of eight years of such measurements in-
dicates that the precision of the technique as estimated by
standard deviation is 10% or less of the average value from

0003-2700/79/0351-0483$01.00/0 © 1979 American Chemical Society
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METALLIC (STEEL, NICKEL, ZINC,ETC;
“ 100, 250u DIAMETER) BEADS

FILM OF ORGANIC MATERIAL,
£ ~10p THICK

ELECTROMETER
Figure 1. Device for measurement of triboelectric charging

film to film. For a given film the standard deviation is usually
less, on the order of 5%, except for very high (>10 nC/g) or
very low (<0.2 nC/g) charging levels, where standard devi-
ations of 10% are more usual. Variations in the metal beads
from batch to batch can be large, presumably due to varying
surface oxidation, etc.

The depth led by the t will most likley
vary with the magnitude of the charge. Moreover, the in-
fluence of a particular species is expected to vary exponentially
with its distance from the surface contact. Nonetheless, some
idea of the depth probed can be gleaned in specific instances.
In the case of steady state charging, depths up to 4 um in
polystyrene are probed (12). In the apparatus under discussion
here, however, very short contact times (~10 ® s) are involved
(13) and the quantity of charge is viewed as a kinetic pa-
rameter. Therefore, the depths involved are probably much
less. In the cases of polystyrene sulfonates and bare metals,
the depth probed is about 1.5 um (14). In systems such as
those under discussion here, depths of less than 1 um are most
likely involved.

One of the problems encountered in the study of tribo-
electric charging of organic solids has been the lack of cor-
roborative techniques. Few techniques have the requisite

METAL A ORGANIC SOLID METAL B
e LUMO ———— — i
§il 1
FERMI
LEVEL asf
A FERMI|
At _’ LEVEL
A 2
ST woMo— N
METAL A' AE} < AEj ~.ORGANIC CHARGES NEGATIVELY
1n(0/M) aE}

METAL B A3 < AE] :ORGANIC CHARGES POSITIVELY
Ln(Q/M) a2E]

Figure 2. Relationship of molecular orbital energy levels, metal Fermi
levels, and triboelectric charging

e

oy

@orfoyneputs] fexsn
T 2

ZERD HUMIDITY.

DEAD CHMARGE Q/M (re ) (100pm NICKEL BERRY)

L L

sensitivity. One which does, though it probes a

0 @ é H"} 0
R
Figure 3. Tnboebctﬂc gingas a f ion of P of films
of bis(4 U (1) and Lexan
hall 0 (2). (Mole p s determined on the basis of the

sample depth, is ESCA. In a study involving selective surface
enrichment of a two-compcnent system, ESCA and the tri-
boelectric charging technique described herein were shown
to be equally sensitive when conditions were such that probe
depths of the two methods were similar (15).

The presence of water vapor can affect the charging results,
presumably because it is adsorbed onto both surfaces involved,
the metal bead and the organic film. For example, the charge
acquired on 100-um steel beads by cascading them over a film
of poly(p-nitrosyrene) increases from +1.8 nC/g at zero
humidity to +3.1 nC/g at 62% relative humidity and decreases
to +1.4 nC/g at 100% relative humidity. In some cases,
charging increases with increasing humidity, while in others
it decreases. In some cases, effects are larger while in others
they are smaller. For these reasons all of the experiments
herein were performed under dry conditions.

Our interpretation of triboelectric charging is that it involves
electron exchange between the two bodies (16). Therefore,
it is dependent upon the relative solid-state energy levels of
the two bodies. This is shown schematically in Figure 2. For
a metal, the Fermi level defines both acceptor and donor levels.
For an organic solid, acceptor states may be identified as being
derived from lowest unoocupled molecular orbitals and donor
states from highest lecular orbitals. Inasmuch
as solid-state energy levela of organics are generally related
to gas phase or solution phase isolated molecular energy levels
by the relatively constant polarization energy term (17),

repeal unit of 2)

relative charging tendencies of organic solids have been shown
to be related to such gas or solution phase energy levels (18,
19). Since correlations of gas and solution phase isolated
molecular orbital energy levels with structure are available
(20-22), generalized predictions regarding charging tendencies
can be made on the basis of chemical structure (23) and
conversely deductions of chemical structure can be made on
the basis of triboelectric charging. The following sections
demonstrates this fact for two distinct situations: (i) the case
of contamination of a surface by very small amounts of a
second species, and (ii) the case of alteration of the chemical
structure of a solid in situ or otherwise.

Example of Determination of Surface Contamination.
In connection with our work on triboelectrification (18, 19),
the effect of composition of solid solutions was of interest.
Therefore, solid solutions comprised of bis(4-diethylamino-
2-methylphenyl)phenylmethane (1) and Lexan (2, bisphenol-A
polycarbonate from General Electric) were examined. The
fact that solid solutions formed was confirmed by optical
nucroacopy and differential scannmg calorimetry. The cascade
triboelectric charge d on the nickel beads as a function
of film composition is shown in Figure 3. Note that the bead
charge does not vary smoothly between the two pure com-
ponents as might be expected, but rather exhibits a minimum
of opposite sign.




N(CzHs),

Oy

N(CoHy),

CHy

CHy

cn,

: cn,

Effect of Exposure of Metal Beads to Film of 1. In order
to investigate the anomaly of Figure 3 the following exper-
iment was done. First 100-um nickel berry beads were
cascaded down a freshly prepared film of pure Lexan (2) to
establish a reference point. Another batch of clean beads was
then cascaded down a film of pure amorphous 1, which forms
a stable glass (T, ~ 20 °C) via solvent casting or thermal
quenching from above the melting point. This latter batch
of beads was collected and cascaded in smaller batches down
the Lexan film to measure the bead charge. These results are
given in Table I. These results were verified by a second set
of experiments. As can be seen, the beads exposed to 1
acquired a negative charge vs. Lexan, whereas the clean beads
became positively charged. The beads were obviously altered
by exposure to 1. By inference, 1 or some product thereof was
picked up by the beads. Moreover, by exposure to these
“contaminated” beads, the Lexan film itself was contaminated
(presumably via a second mass transfer of 1) as evidenced by
the lower positive value with clean beads after use of the 1
exposed beads. After several exposures to these contaminated
beads, the Lexan film even charged clean beads negatively.

Also shown in Table I are results for steel beads which reveal
qualitatively similar results.

Effect of Intentional Coating of Nickel Beads. A second
set of experiments was carried out to verify that beads coated
with 1 charge negatively against Lexan. A batch of the washed
100-um nickel berry beads was coated with 0.5% by weight
of 1. These were then measured against a fresh Lexan film,
subsequent to clean beads on the same film. The results are
given in Table II. These results were also verified by a
separate set of experiments. The conclusion is that coating
of the beads with 1 does indeed result in their acquiring a
negative charge when exposed to Lexan, in agreement with
the results given above.

To ensure that the results were not complicated by mass
transfer from the coated beads to the hopper of the cascade
device and then to the clean beads, a batch of coated beads
was run through the hopper. Then clean beads were cascaded
over a fresh Lexan film. The bead charge (+1.37 £ 0.13 nC/g,
seven determinations, 2 to 6 g each) was the normally observed
value.

Lexan was expected to charge negatively against 1 on the
basis of the relative energy levels of model monomers (8, 9).
To test this, Lexan pellets were dried in vacuo and cascaded
down a film of 1. The Lexan pellets acquired a net negative
charge (-0.64 + 0.19 nC/g, 4 determinations, 0.4 to 3 g each).
Since Lexan is an insulator, grounding the cascade hopper
would not remove residual charge on the Lexan and, therefore,
this residual as measured via directly pouring Lexan pellets
into a Faraday cage was subtracted from the d
value.

The fact that the beads coated with 1 acquire negative
charge while the film of 1 charges positively vs. Lexan pellets
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Table II. Charging® of 100-um Ni Berry
Beads vs. a Lexan Film

clean beads® 1 coated?
Q/M on beads +1.25+ 0.10° -1.03 : 0.04°
(nC/g) (1st) (2nd)

@ Charging measurements on device of Figure 1 at zero
humidity in dry box. Film as per footnote d, Table L
€ As per footnote ¢, Table I. ¢ By rolling clean 100-um
Ni berry, 0.5% by weight 1 and methylene chloride in a
rotary evaporator to remove solvent, drying while ground-
ed at 25 °C, 1 mm Hg for 18 h. € Average of 4 to 9 de-
terminations (3 to 8 g each) + standard deviation.

is rationalized to be a result of positive space charge formation
in the coating due to electron donation to the nickel bead.
This effect and its ramifications are being reported separately
(24).

Extraction of Nickel Beads Exposed to Film of 1. With
this body of evidence for transfer of 1 to the nickel and steel
beads and subsequently to the Lexan film, independent
evidence of the mass transfer was sought. A large quantity
of clean nickel beads was cascaded down a film of 1 in the
usual manner. The beads were then removed from the dry
box and extracted ten times with chloroform. The extract
yielded about 0.1% (by weight of starting beads) of colorless
solid. The infrared spectrum of this solid possesses several
peaks characteristic of 1. In addition it possesses weak peaks
at 1725 and 1750 cm™, presumably carbonyl absorption, but
possibly aromatic C-H overtone bands. It also contains
absorptions corresponding to tertiary OH (3630 cm™) (25).

A blank experiment was carried out as follows. A volume
of chloroform equal to that used in the extraction of the nickel
beads was taken to dryness, leaving a small amount of
amorphous residue. The infrared spectrum contains weak
points at 3680, 1730, and 1600 cm™. Thus, the bead extract
absorptions at 3640 and 1750 cm™ are real, but those at 3680,
1725, and 1600 cm ™! are, at least in part, artifacts.

We conclude that the beads had a coating probably con-
sisting of 1, the product of reaction of the oxidized (dye) form
(3) of 1 with water, the alcohol 4, and perhaps some other

N(CoHg), N(CaHs),
CHy CHy
" O
CHy cHy
N(CzHs), N(C2Hs),
3 4

products of oxidation.

The anomalous triboelectric charge vs. composition curve
(Figure 3) for 1 in Lexan is therefore explicable in terms of
mass transfer of 1 from the polymer film to the nickel berry
bead during the initial contact event. The amount of 1 coating
on the bead is presumably related to the amount of 1 available
at the surface of the film. This coated bead subsequently
contacts the 1/Lexan composite as it cascades down. The
charging is controlled by both the composition of the film and
the composition of the bead. As we have seen, nickel coated
with 1 charges negatively against Lexan. The minimum results
from the opposing effects of the amount of 1 transferred and
the charge developed between the coated bead and the film;
both variables depend upon film composition.

This study prowdes an excellent example of the sensitivity
of triboelectric tothe p of very small amounts
of contamination on surfaces of metals and polymers.
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Figure 4. Triboelectric charging as a function of reaction time at 185
°C for a film comprised of polymer 7 and blockd diisocyanate 5
(conversion of 7 to 8)

Examples of Detection of Chemical Reactions. Tri-
boelectric charging is known to vary with the nature of the
two contacting bodies (26-31). Recently we have found a
dependence upon substituent constants in both aromatic (18)
and aliphatic (19) systems that is taken to indicate a de-
pendence upon molecular orbital energetics (20-22).
Therefore, in principle, any chemical changes that take place
at the surface are detectable by a change in the triboelectric
properties. In this section several applications in fact will be
described.

Chemical Modification by Thermal Treatment. This
example demonstrates the utility of triboelectric charging to
detect alteration of chemical structure, in this case throughout
the bulk of film in situ. Isocyanates are very reactive toward
hydroxyl and amino moieties. This reactivity is exploited for
cross-linking by the use of diisocyanates (32). A common
technique is to “block” the diisocyanate to yield a compound
which thermally reverts to the diisocvanate. One such
compound is the urethane 5; upon heating it reverts to acetone

CNB CH3
NHCOON = C(CHy), NCO
NHCOON = C(CHy), NCO
s 6
CH CHy
+ -cueny -)—(-cc 7——(-ccu =t
2 [ 2254 2028 2072
CeHs CO C(X)(CNZ) H
NN
(cnznsou
7
CHy
'{'f‘ HCH. *)—(— -)—}-
ey CCH 2%0.28 cc"z or2’n
CeHs ?o COO(CH I H
N
(CHylg ognm—@
CHy
8

oxime and toluene-24-diisocyanate (6) (9). The blocked
diisocyanate was incorporated into films of polymer 7 (10) cast
from solution onw aluminum. The cascade triboelectric
charging of the poly film was ed incr ally as
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Figure 5. Logarithm of absolute difference between final triboelectric
charge and triboelectric charge as a function of reaction time at 185
°C for a film comprised of poly 7 and blocked dii 5
(conversion of 7 to 8)
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Figure 6. Triboelectric charging of a film of polystyrene (~20 um thick
on brush grained aluminum) as a function of aging time in dry air

a function of reaction time at 185 °C. Heating causes release
of diisocyanate 6, which in turn reacts with polymer 7,
acylating it and yielding polymer 8. As can be seen from
Figure 4, the charging approaches an asymptotic limit.

On the basis that the charging is directly related to the
extent of reaction, the data may be replotted in the form log
[(Q/M). - (Q/M)] vs. time. As can be seen in Figure.5, a
straight line results for each of the two data sets. This is
indicative of a first order reaction (33), as expected if con-
version of 5 to 6 is the rate limiting step in conversion of 7
to 8. This is confirmed by the fact that a superimposable plot
is obtained when the concentration is 5 is halved. Thus,
triboelectric charging can in fact be used to follow the kinetics
of the reaction.

Oxidation of Polystyrene. In a study involving the use of
polystyrene films, it was noted that the triboelectric charging
value varied as the film aged in dry air in a dry box; little,
if any, ultraviolet light struck the film because of the safety
glass window. A systematic kinetic study was carried out. The
results are shown in Figure 6. Note that the amount of
negative charge acquired by the film increases with aging time,
a factor of 50% over 350 h. Others have reported similar
effects (34).

A freshly prepared polystyrene film was examined by
electron spectroscopy (ESCA, XPS). No oxygen could be
detected on the surface (top ~50 A). A film that was aged
for 400 h was similarly examined. A strong oxygen 1s signal
was observed (35).

Oxidation of polystyrene is well known (36). It is also known
(36) that oxidation leads to ketone, aldehyde, quinone, car-



boxyl, etc. functionalities. These are known to be good
electron-accepting moieties (37-39). Thus, in accord with
expectation (18, 19, 23) the negative charging of the poly-
styrene film increases as the oxidation to these species occurs.
Measurement of the triboelectric charging capacity thus
affords a sensitive measure of surface oxidation.

Photooxidation of polystyrene is also well known (40). Brief
ultraviolet irradiation in air causes a tenfold increase in
negative charging of polystyrene films with mercury (41). In
fact this process causes sufficient change in the charging
capacity that it forms the basis of a patent for an imaging
system (42).

Oxidation of Polyethylene. Ozonolysis of branched
polyethylene, which contains olefinic bonds, was shown by
infrared analysis to produce a carbonyl component with a
concomitant reduction in the amount of unsaturation (34).
Exposure of branched polyethylene either to air or ozone also
caused a dramatic (tenfold) increase in the negative charging
capacity of the film (34, 41). When one considers that the
amount of unsaturation was only about 0.01% of the bulk
sample, the sensitivity of the triboelectrification technique
to surface chemical changes is obvious!

Oxidation of Coal. Moreover, in the only other analytical
application of triboelectrification that we are aware of, the
kinetics of the oxidation of surfaces of finely divided coal were
followed by measuring the charging capacity under fixed
conditions (43). It was found that the virgin coal charged
positively and with increasing exposure time to air at 350 °C
became less positive and then negative. The direction of
change of charging is consistent with the data above and
previously reported work (18, 19, 23).

Photochemical Transformations. The detection of surface
chemical changes by the triboelectrification technique is not
limited to oxidative processes, however. For example, a recent
patent discloses the use of a photochemical surface reaction
as an imaging sytem (44). It is based upon the change in
triboelectric charging capacity between light struck and
non-photolyzed areas of the surface. The reaction can be
generalized as shown in Equation 1.

@_@ > @_‘ + CH, 0 + FRAGMENTS

e o1
1 ooy
9 o

Surface coverage by the photoactive species (9) can be as low
as 0.2 mg per square foot or about one monolayer!

Sulfonation of Polystyrene. Another example of the
sensitivity of the triboelectric measurement to surface chemical
transformations is provided by the following case. Very brief
sulfonation of free-standing polystyrene film surfaces by a
known method (45) results in a dramatic increase in the
positive charging capacity of the film. With 100-um nickel
berry, a sign change occurs; the virgin polystyrene charges
positively (0.2 nC/g), while a film sulfonated to the extent
of about 1 monolayer charges negatively and an order of
magnitude higher (15 nC/g). The direction of change upon
sulfonation is consistent with results of our previous work (18,
19, 23).

Utility of the Method. While this triboelectric charging
technique cannot be employed for molecular determination,
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it provides a very sensitive probe for detection of mass transfer
and changes in molecular structure. In fact, kinetic deter-
minations are possible. The technique is very sensitive,
especially to changes at or near the surface. It has the ad-
ditional advantages of being simple, requiring relatively little
sample, and being nondestructive.
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Auger Electron Spectra Intensity Variation with
Potential-Modulation Differentiation

G. E. McGuire* and B. R. Martin
Texas Instruments Incorporated, Dallas, Texas 75265

Auger electron spectra are normally taken as dN(E )/dE vs.
E with a potential-modulation differentiati usedlo
supp lhe high back d d by ically
electrons. The observed Auger peak-to-peak Intensity does
not Increase linearly over the range of modulation voltages
on lal instr ts. Auger spectra
for a lnrge number of elements were taken while varying the

tential to late signal amplitudes taken under
varying modulallon conditions. Detection limits have been
estimated from the signal amplitudes based upon the reported
detection limit of phosph in silicon.

The use of Auger electron spectroscopy (AES) as an
analytical tool has seen explosive growth since the introduction
by Harris (1) of a potential-modulation differentiation scheme
to suppress the high background caused by inelastically
scattered electrons. The derivative is obtained by super-
imposing a small sinusoidal potential-modulation on the
analyzer pass energy and synchronously detecting the current
passed through the analyzer. It is a common practice in
electron-excited AES to use the peak-to-peak signal strength
in the derivative spectrum as a relative quantitative measure
of elemental surface concentration (2). In addition, the energy
positions of the negative-going peaks in the derivative
spectrum are used to identify the Auger transition energy
values (3).

One judgment that must be made by the user of AES is the
tradeoff which must be made between sensitivity and reso-
lution in setting the amplitude of the potential-modulation
employed in electronic differentiation {4). By electronically
varing the modulation voliage, one has versatile control over
signal to noise. The lowest order information concerning an
Auger feature is available if one is interested only in detecting
a signal. The signal strength is increased by the use of large
oscillation amplitudes. The limiting amplitude would es-
sentially be the separation between features.

The AES features actually contain more detail than is
frequently utilized. The structures usually consist of a main
peak followed by additional features on the low energy side
because of various couplings of the Auger transition to the
valence band electrons. The shape of the Auger feature
depends on the chemical environment of the atoms being
studied (5). The peak-to-peak amplitude in the derivative
mode is dependent on the shape of the Auger peak as well
as its size. As the modulation amplitude approaches the width
of the Auger peak, the relationship becomes sensitive to the
detailed shape of the feature (6).

However, the use of large modulation voltages would be
beneficial when quantitative measurements are affected by
the primary electron beam current, as the improved signal to
noise could be traded off for either faster energy analysis or
a reduction in primary electron beam current. Since the first
harmonic signal strength is nonlinear (6, 7), it would be
desirable to know the signal strength of the characteristic
Auger transitions for various elements as a function of
modulation voltage. Data taken with large modulation

voltages optimizing signal-to-noise can then be compared to
data taken at low modulation voltages optimizing resolution.
Since there is no accepted “standard” modulation voltage,
these curves will also aid in comparing the Auger literature.
Curves for the first-harmonic signal strength vs. modulation
voltage have been compiled for some of the most commonly
encountered elements and referenced to relative sensitivity
factors compiled by Davis et al. (8).

EXPERIMENTAL

The Auger results reported here were obtained with a sin-
gle-pass cylindrical mirror analyzer (CMA) manufactured by
Physical Electronics Inc. (PHI Model 10-155). Samples were
mounted at an angle of 30° with respect to the incident 5-keV,
5-uA electron beam. The electron gun is coincident with the CMA.
Prior to analysis, the sample surface was cleaned by 2-keV argon
ion bombardment for a minimum of 15 min at a pressure of 3.8
% 10 pascal. Ion sputtering at normal incidence was continued
during data analysis to ensure a clean surface. Characteristic
Auger spectra were recorded while varying the modulation po-
tential from 1 to 10 eV peak-to-peak.

RESULTS AND DISCUSSION

In taking Auger electron spectra, one has two forms of
intrumental broadening; from the analyzer itself and the
dynamic broadening due to the potential-modulation scheme.
The effects of potential-modulation distortion have been
analyzed, assuming a Gaussian Auger peak shape for a de-
flection type analyzer (9). It was found that the first harmonic
signal strength increased linearly with modulation amplitude
up to an amplitude of about 0.3 p, where p is the Gaussian
root mean square width. The signal then passed through a
maximum and subsequently decreased at a rate near the
inverse square root of the modulation amplitude for values
in excess of about 3 p.

Figure 1 demonstrates how the modulation amplitude can
affect the relative peak-to-peak (p-p) intensities of two
characteristic Auger transitions from the same element. The
low energy NOO transition of Ta shows a nearly linear re-
sponse up to a modulation voltage of 3 eV where the high
energy Ta MNN shows a nearly linear response up to 8 eV.
Broadening of the high energy peak may be occuring due to
potential-modulation or due to the analyzer since the energy
resolution of 0.5% at 1680 eV is approximately 8 eV. At 4
eV p-p modulation, the Ta NOO transition intensity is at least
50% greater than the Ta MNN intensity but at 10 eV p-p
modulation, their intensities are almost identical.

This would not normally be a problem since most data are
taken at a set modulation voltage and referenced to standards
examined using the same conditions. However, attempts to
optimize the sensitivity vs. resolution trade-off over the entire
energy range have resulted in selectable or ramped modulation
schemes (4). The ramped modulation compensates for the
direct dependence of the absolute resolution of the analyzer
on pass energy. An alternate method is to retard the electron
pass energy to a constant voltage as in the Physical Electronics
double pass analyzer (PHI 15-255G). In addition the data
generated by Davis et al., which is the most complete set of
reference spectra available, was taken at 2 eV-6 eV p-p
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modulation. In general, the approach taken by Davis et al.
was to use a modulation voltage of 3 eV p-p for Auger
transition below 1000 eV and 6 eV p-p for those above 1000
eV and reference all of these to the Ag MNN transition taken
at a modulation voltage of 3 eV p-p and an electron beam
energy of 3 keV. Known exceptions to this are the LMM
transitions of Ga, Ge, and As which were taken at 3 eV p-p
modulation. In order to compare data in the “Handbook of
Auger Electron Spectroscopy (8), it is necessary to know the
relative intensities taken at 3 eV and 6 eV p-p modulation.
In the open literature, it is possible to find an even broader
range of modulation voltages.

As an analytical aid to the Auger spectroscopist, the relative
intensities of the KLL, LMM, and MNN Auger transitions
taken at modulation voltages from 1-10 eV p-p for a large
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used ion implantation as a means of calibrating AES spectra
for quantitative chemical analysis. A detectability limit in
the range of ~5 X 10" to 10*® atoms/cm?® for boron, phos-
phorus, and arsenic in silicon was established with in-depth
profiling. Good depth resolution is necessary to establish the
peak locations of the implant distribution. This limits the
sensitivity because of the use of analysis times consistent with
optimum depth resolution. Measurements on bulk doped
phosphorus samples (11) and surface absorption of PH; gas
(12) have been used to establish a detectability of ~8 x 10'8
atoms/cm? for phosphorus in silicon. Using this value, it is

number of elements have been ed to the data compiled
by Davis et al. (8). The intensities are expressed as relative
sensitivity factors and are plotted with respect to the mod-
ulation voltage in Figures 2, 3, and 4.

The family of curves that are generated varies smoothly over
the range of modulation voltages typically increasing at the
lower modulation voltages, then leveling off at the higher
modulation voltages. Exceptions to this occur for the MNN
transition series where the large modulation voltages result
in convolution of the closely spaced doublet.

Detection limits may be estimated from these curves with
proper calibration of one element. Morabito and Tsai (10)

possible to estimate the bulk detectability of the elements in
the perlodlc table using Figures 2, 3, and 4 and the data
compiled in ref. 8. These values are presented in Figure 5.

CONCLUSION

Although it has been shown that the area under the N(E)
curve is linear as a function of modulation voltage (6), the most
common format for data presentation for AES data has been
in the derivative mode where the response is nonlinear. Data
taken in the derivative mode are presented which show the
nonlinear sensitivity factor as a function of modulation voltage.
Using these values, it is possible to compare data taken under
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varying modulation voltages and to estimate a detection limit.
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Parameters for the Ratio Method by X-Ray Microanalysis

Andras G. S. Janossy,* Kristdf Kovacs,! and Ida Téth

Biological Research Center, Institute of Biophysics, POB 521, H-6701 Szeged, Hungary

Atomic or weight ratios of can be call d routinely
from X-ray intensities of ultrathin samples without recourse
to standards by the ‘“ratio method"”, using precalculated
proportionality factors. The derivation of the ionization cross
section (Q), fluorescence yleld (w), line intensity fraction (L)
and spectrometer efficiency ( T) parameters, needed for the
calculation of the proportionality factors, is discussed and
suggested “best values” are given. Fallure of the ratio method
as commonly used to give adequate results with L- or M-lines
is attributable to breakdown of the ionization cross-section
formula. A simple procedure is given for calculation of line
intensity fractions, and the results are compared with previous
methods.

Determination of the elemental composition of a very large
variety of materials by sophisticated instrumental techniques
is a field of surpassing importance (I-3). Atomic or weight
ratios of elements above atomic number 10 can be calculated
from simultaneously recorded X-ray intensities of ultrathin
samples without the need for stardards by the so-called “ratio”
or “no-standards” method. The calculation is straightforward
and can be performed by hand if a suitable table with the
necessary proportionality factors is available. The method
was originally proposed by Duncumb (4); it was further
developed and adapted for biological applications by Russ
(5-7) and for materials science by Cliff and Lorimer (8). The
main advantages of the technique are that weight ratios can
be calculated directly without tedious measurements on
suitable standards (which are not always easy to obtain) and
without instrumental adjustments; thus it seems to be es-
pecially useful for biological applications. However, it must
be kept in mind that samples must be thin enough (0.1 to 0.5
um for biological samples and even less for inorganic materials)
to avoid any interelement effects (atomic number, absorption,
and fluorescence effects), and that the accuracy of the results
depends on the reliability of the individual terms involved in
the calculation of the proportionality factors. The method
is not applicable to the problem of monitoring one element
in an organic matrix for obvious reasons, but the relative values
can be turned to absolute concentrations if (i) all the elements
present in the probed mass have been monitored or (ii) the
absolute concentration of one of the elements can be de-

1 Present address, Technical University for Chemisti
of Silicate Chemistry, POB 28, H-8200 Veszprém,

, Department
ungary

termined by other means (9). The proportionality factors can
be calculated from terms such as fluorescence yield, ionization
cross section, spectrometer efficiency, etc., which are compiled
in tables or calculable independently (6); or else they can be
determined empirically for a given instrument by calibration
standards once and for all (10). For many problems of X-ray
microanalysis the knowledge of relative concentrations is quite
sufficient. In the course of adapting the ratio method to our
existing microanalyzer system, we met several discrepancies;
therefore we reexamined the technique itself and the terms
involved.

EXPERIMENTAL

Sample Preparation. A series of microcrystal standards were
prepared by pipetting 0.01 to 0.1 M aqueous solutions of salts
onto Formvar coated copper grids. Details of sample preparation
were published recently (11).

Instrumentation. A JEOL 100B transmission electron mi-
croscope with attached Si(Li) detector and analyzer system
(EDAX 707B) was used for measurements. The nominal ac-
celerating voltage was (if not stated otherwise) E, = 80.6 kV,
takeoff angle was 35°, electron probe diameter 0.1 um, mea-
surement duration 100 s. Although the low electron dose and short
observation time yielded relatively low total X-ray intensities
(30000 to 50000 counts) adding to the statistical error of
measurements, this was the safest way to ensure stability of the
materials used under the electron beam. The detector efficiency
was as stated below. The energy window settings on the analyzer
were: 250 eV in range 0.8 to 3.4 keV, 350 eV in range 3.45 to 20.0
keV, and 450 eV above 20.0 keV. For analysis, crystals not larger
than 0.3 um were selected.

X-RAY PRODUCTION IN THIN FILMS
The number of ionization events (dn,) of a pure element
(x) per incident electron is:

Q,dis Y

where @, is the ionization cross section of the particular shell,
N is Avogadro's number, p is the density of the specimen, ds
is the electron path length and A, is the atomic weight of
element x. For a composite sample, the number of atoms of
element x per unit volume is C,Npds/A,, where C, is the
weight fraction of element x, thus Equation 1 modifies to:

= QNS @

If the specimen thickness is much smaller than the electron
mean free path, then the total number of ionizations (n,) per

0003-2700/79/0351-0491$01.00/0 © 1979 American Chemical Society



492 « ANALYTICAL CHEMISTRY, VOL. 61, NO. 4, APRIL 1979

Table I. Bethe Parameters b; and c; as Used in Different Ionization Cross-Section Formulas

author by by, by ck cL oM remarks
a) Russ (6 1 1 1 1 1 1 Z;=1
gb)) Powegl ()16) 0.9 0.75 0.76 0.65 0.6 0.6 4<U< 30
(c) Mott and 0.35 0.25 0.25 2.42 2.42 2.42 4<U< 30
Massey (17) 4
(d) Worthington and 0.35 0.26 0.25 165+ 236 exp (1= 1) 2<U<30
Tomlin (18)
Table II. C: of Calculated and M d Ionization Cross-Section Ratios Qi /Qq, and Qp,/Qy at E, = 80.6 kV
formula and (25) (QQ_K_) <35) <Q_L) (ﬂ) <Q_L>
reference QL/ae QL /Br QL/1 Qm/ os Qm/ Au Qm/py
(a) (6) 0.0513 0.0540 0.0470 0.0939 0.0948 0.0961
(b) (16) 0.0118 0.0143 0.0094 0.0361 0.0360 0.0361
() (17) 0.0242 0.0229 0.0242 0.0486 0.0494 0.0506
(d) (18) 0.0228 0.0228 0.0209 0.0486 0.0494 0.0504
measured 0.0222 0.0225 0.0197 0.0532 0.0523 0.0471

incident electron along the electron trajectory (As), which is
assumed to be the specimen thickness, will be:

ne = QNPT @

The generated X-ray intensity (1) (photons per electron) is
obtained by multiplying n, by the fluorescence yield w,:

I = QuCNo g @

If the analyzed film is thin enough so that interelement effects
such as X-ray absorption, secondary fluorescence, and atomic
number effect can be neglected (thin film criterion), the
generated intensity is equal to the intensity leaving the
specimen. We must also take into account that only a fraction
of all generated X-ray photons actually reaches the detector,
thus Equation 4 has to be multiplied by a detector efficiency
factor (T7,):

", = Qo T.CNp )

Finally, it must be considered that only a fraction (L,) of all
X-ray lines of a series are counted in the selected energy
window of the analyzer. Thus we get the total detected X-ray
intensity I, with electron beam current i, (= number of
impinging electrons per unit time), measured in counts per
second:

I, = QoL T.C.Np 5> ©)

If two elements x and y are monitored simultaneously, their
X-ray intensities I, and I, can be related to their concen-
trations C, and C, as:

L, CQwl,TiA,  C, P, @

I, CQulL,T,A,  C, P,
where the proportionality factors P, and P, can be calculated
or determined empirically and tabulated for each element and
accelerating voltage used. Naturally, Equation 7 can be
extended to any desired number of elemental ratios. In the
following we examine in detail the origin and use of the terms
involved in Equation 7.

RESULTS AND DISCUSSION
Ionization Cross Section Q. Several ionization cross-
section formulas have been proposed in the past, all derived
from an equation introduced by Bethe (12). This can be
written as:
6.51 X 1071 Z;b;

i = U, In (¢;U)) ®)

where Z; is the number of electrons in the particular inner shell
(Zx =2, Z), = 8, Zy = 18, etc.) involved in ionization, E; is
the critical excitation energy or absorption edge energy in eV
(13, 14), U; = Ey/E, is the overvoltage ratio of accelerating
potential to absorption edge energy, while the parameters b;
and ¢; are assumed to be constant for a particular shell. For
the acceleration voltages used in the transmission electron
microscope (usually 60 to 100 kV), a relativistic correction is
suggested by Goldstein et al. (15), in order to get the actual
electron wavelengths that interact with the specimen:

E: = (1 +9.875 x 107 E) E, ©

(Ey in eV). This correction has been used throughout our
calculations.

We have tested some of the most commonly used formulas
for Q; which differ in the choice of the Bethe parameters b;
and ¢; only. For convenience, these parameters are sum-
marized in Table . Since there is little information available
on the Bethe parameters of M lines, we have tried different
arbitrarily chosen values and found that by, = by and ¢, =
¢y give the best results.

We have measured the intensity ratios of Ag Ka/Lq, 1
Ka/La, Sb Ka/La, Au La/Ma, Os La/Ma, Pb La/Ma, and
U La/Ma at 40.5, 60.4, and 80.6 kV nominal accelerating
voltage and compared calculated ionization cross section ratios
Qk/QL and Qr,/Qy with measured ratios via Equation 7. An
excerpt from our results for £, = 80.6 kV is displayed in Table
II. The simplified formula (a) (cf. Table I) which is used by
Russ in his original “no-standards” model (6) gives the highest
deviations (in some cases over 100%) which forbids its use
whenever lines of different series are used. This is not
surprising since the Bethe parameters are set equal to unity
in this case. The formula (b) of Powell (16) gives deviations
around 40% and the use of Bethe parameters as suggested
by Mott and Massey (17) yields some 20% deviations on the
average. The formula (d) of Worthington and Tomlin (18)
seems to give the best results, as average deviations never
exceeded 10%. This is the only formula which remains valid
in the overvoltage range below 4, but it is suggested that it
should not be used below U = 2.

The next question is, which absorption edge energy should
be taken for L and M lines, where more than one edge will
be excited. Figure 1 illustrates the problem, where some of
the L-lines of silver are displayed with a typical fwhm (full
width at half maximum) of 139 eV (corresponding to the
measured resolution of 165 eV for the fwhm of Mn Ke, along
with their energies in keV, relative line intensities, and line
designation.

It is easy to see from Figure 1 that an energy window of 250
eV involves several other L-lines besides the principal line Lay,
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Figure 1. Some of the L-lines of Ag (Z = 47), fwhm = 139 eV for
La, (ideal Gaussian shape). The broken lines at 2.850 and 3.100 keV
represent the limits of an “energy window" of 250-eV width as usually
set on multichannel analyzers.

such as L, Lay and Lg; (all generated on the Ly edge), L8,
(generated on the Ly edge), L3,, LA, (generated on the L;
edge). (For clarity, minor L-lines have been omitted from the
figure.) In this case a feasible compromise is to calculate an
averaged “effective” absorption edge energy E; from the
individual energies, weighted by the relative line intensities
(19). As an example, this calculation gives £y, = 3.441 keV
for Ag from E| = 3.810, Ey; = 3.528, and Ey; = 3.352 keV.
Fluorescence Yield w. According to universal practice in
microprobe analysis (3), average fluorescence yields are used
instead of separate values for lines within a series. A good
method to calculate such average values was proposed by
Burhop (20):
w V4
(— =A+BZ+CZ (10)
l-w
where Z denotes the atomic number and the values of the
constants depend on the shell being excited as follows:

shell K L M
A -0.03795 -0.11107 -0.00036
B 0.03426 0.01368 0.00386

C -1.163x 10¢ -2.177x 107’ 2.01 x 1077

This algorithm is considered superior (14, 21) to others like
the Wentzel formula (22) which is also widely used in the
microprobe literature.

Spectrometer Efficiency 7. The spectrometer efficiency
term allows for the fact that (i) part of the low energy (<2
keV) X-rays are absorbed in the Be window, Au contact layer,
and Si dead layer of the detector, and that (ii) some of the
very high energy X-ray photons (>20 keV) are not detected
at all in the active Si layer. If detector specifications are
known with sufficient accuracy, the spectrometer efficiency
can be calculated by:

r, - 4 exp[ (ﬁ)f't&m (g)Ft .
Ol A G

where df2/4x is the detector solid angle (which cancels in the
ratio), (u/p)®* is the mass absorptlon coefficient for the
monitored X-ray energy E,, tpe, ts; and ta, denote the
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thickness of the absorbing Be, Si, and Au layers, t%; is the
detector active layer thickness and p is the density of the
absorbing material. The spectrometer efficiency can also be
described satisfactorily by the exponential function (7):

k k
L exp[-Els][l—exp(—E:)] (12)

where the empirical constants k, and k; can be obtained from
detector specifications. We calculated for our system with
the manufacturer’s stated specifications (tg, = 7.5 um, td; =
0.15 pm, ta, = 0.02 um, t%; = 4 mm):
By =112
ky = 20700

According to a suggestion of Russ (7), the spectrometer
efficiency can be determined from the measured intensity ratio
I,/ Ik, of Cu by combining Equation 7 with Equation 12 and
solving for k, (the second exponential term in Equation 12
should be essentially zero at these X-ray energies). We
obtained

ky = 1.03  0.05

Similarly, we calculated k, from measured intensity ratio
Ig,/ I, of Ag (now the first exponential term of Equation 12
should be unity) to

ko = 20000 £ 1500

With these values, the recalculated Be window thickness is
6.7 = 0.3 um and the detector active layer thickness is 3.9 £
0.3 mm, in good agreement with the above stated specifi-
cations.

Line Intensity Fraction L. As already shown in Figure
1, an energy window of some particular width contains only
a fraction of all excited lines of a series. This means that we
have to consider further the ratio of observed line intensity
to total line intensity, which we shall call the line intensity
fraction to avoid confusion with the term “relative line
intensity” as used above. This must be calculated for each
principal X-ray line and it depends on both the width of the
selected energy window and the fwhm of the lines concerned.
The fwhm of any X-ray line can be calculated by:

fwhm [eV] = \/R? + 2.735 (E, - 5898)  (13)

where R is the spectrometer resolution (= fwhm of Mn Ka,)
and E, is the energy of the line concerned, both in eV. As
the resolution of the energy dispersive spectrometer is given
in terms of the fwhm of the composite Mn Ka , line and not
for a separate line Mn Ka,, a distinction must be made
between the two (23). We have measured 170 eV for the fwhm
of Mn Ka, , which is composed of Ka, at 5898 eV and Ka;
at 5887 eV in the intensity ratio of 100:50. Gaussian analysis
yielded 165 eV for Mn Ka,, and this value has been used for
the subsequent calculation of line i ity fractions. (An error
of 5 eV for R would cause around 1% error for L, whereas the
displacement of the energy window by one channel would
result in 5 to 10% error for L.) We calculated the line i ity
fractions L for our detector system for the Ka, La, and Ma
lines commonly used in X-ray analysis by numerical inte-
gration of the Gaussian normal distribution within the limits
of the particular energy window, considering the actual line
widths and the relative line intensities as given in the ta-
bulation of Johnson and White (19). A computer program
generally applicable for the calculation of the line intensity
fraction L is provided in the Appendix.

Determination of Weight Ratios. We calculated the
above discussed terms for our existing microanalyzer system
and tabulated them together with the proportlonahty factors
P, of Equation 7 for the accelerating ly used
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Table III. X-Ray Intensity Ratios Measured at E, = 80.6 kV on Microcrystal Standards and Comparison of Expected and
Measured Weight Ratios Calculated after Russ (5) and the Present Model

expected
weight
measured intensity ratio ratio
Iy a ( Cx)
. X1 s.e.m. —
specimen 1, cy/e
I
NaCl NeKa _ .208 + 0.021 0.649
Icika
I
KCl KKa . 1.108:0.019 1.103
Icika -
; Ixk
KBr C - 1.204 : 0.044 0.489
Iprka
)i
CaHPO, CaKa _ ) 519+ 0.008 1.294
Ipka
I
MnSO, MnKa _ 1,495 + 0.010 1.716
Iska
I
FeSO, _FeKa _ 1.489 + 0.009 1.745
ISKa
I
KMnO, _KKa _ 9,804+ 0.011 0.712
IMnk o
I
KAI(SO,), —KKa _ 5128+ 0.022 1.450
IAKa
I
ZKKa _ 610+ 0.008 0.611
Iska
Taka _ 4 9871 0.013 0.421
Iska
I
KI ZKKa . 1,045+ 0.033 0.308
'll,a
T
PbI, —PbLa o 0.440 + 0.027 0.816
ILa
I
PoMa 973+ 0.026 0.816
ILa

measured weight ratio calculated after

Russ (5) present model
Cx Cx

G e G e
0.500 -23.0% 0.563 -13.3%
1.123 +1.8% 1.127 +2.2%
0.452 ~7.6% 0.514 +5.1%
1.478 +14.2% 1.342 +3.7%
2.007 +17.0% 1.802 +5.0%
2.073 +18.8% 1.827 +4.7%
0.625 -12.2% 0.677 -4.9%
1.667 +15.0% 1.569 +8.2%
0.637 +4.2% 0.619 +1.3%
0.382 -9.2% 0.395 -6.2%
0.206 -33.2% 0.321 +4.1%
0.911 +11.6% 0.776 -4.9%
3.264 +300% 0.887 +8.7%

@ 5.e.m. = standard error of the mean. ? Percent deviation of measured from expected weight ratio.

for analysis. (An excerpt from this tabulation is given in the
Appendix for E; = 80.6 kV and some of the most commonly
analyzed elements.) As a test of the model presented, mi-
crocrystal standards of known composition were analyzed and
weight ratios calculated from measured intensity ratios after
Russ (5) and our model. Results of these measurements are
summarized in Table IIIl. The measured intensity ratios
represent the mean of 12 individual determinations per
sample. As can be seen in column 2 of the table, the standard
error of the mean could be kept within reasonable limits,
despite the low total intensities. Deviations from expected
ratios are somewhat larger with the method of Russ if only
K-lines are considered, but errors grow prohibitively large if
lines of different series are involved, whereas results are quite
satisfactory with our model. This is due to deviations in
calculated ionization cross-section values.

Undoubtedly, the largest remaining uncertainties stem from
the choice of the numerical values for the ionization cross
section Q. A relativistic correction for the acceleration voltage
E, (which is normally not used in the conventional microprobe
literature with typical excitation voltages around 20 kV, but
should not be neglected with the much higher voltages of the
transmission electron microscope) was used, together with
average absorption edge energies for L- and M-shells. We
found that the formula of Worthington and Tomlin (18) is
superior to the others and useful in a wider overvoltage range.
Another important point which we have taken into account

is the proper consideration of the line intensity fraction L;
which depends mainly on the energy window setting and the
fwhm of the lines involved. This is easier, less time-consuming,
and less prone to error than to consider all lines excited, which
necessarily involves multiple peak deconvolution of the
unknown spectrum. These improvements, while not all-in-
clusive, substantially increase the accuracy of rapid calculation
of weight ratios by X-ray microanalysis.
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Diagnosis and Correction of Wedging Errors in Absorbance
Subtract Fourier Transform Infrared Spectrometry

Tomas Hirschfeld
Block Engineering, Inc., Cambridge, Massachusetts 02139

The errors produced by wedging in IR spectra are calculated
from theory and also shown experimentally. The effect of
these errors is magnified in absorbance subtract spectrometry,
and is particularly serious at the very high sensitivities FT-IR
makes p The ation errors and residual spects
produced by various types of absorbance subtract procedures
are shown y and graphically. For known
wedging, a correction procedure is shown. If the wedging
cannot be ed directly, it can be obtained spectrally from
the appearance of known sample bands.

th tiaall

Sample spatial nonuniformity effects, such as wedging, have
long been recognized as error sources in absorption spec-
trometry (). Their numerical values have been described for
the wedging case in a paper (2) which also described the
resulting peak shape distortion in normal and difference
spectrometry.

Difference spectrometry has recently grown into the FT-IR
absorbance subtract spectrometry field (3). Here very small
sample changes are detected by subtracting sample and
appropriately weighed reference spectra in computer memory
and scale-expanding the difference as much as a 1000-fold.

Under these conditions, even small sample nonuniformities
give significant artifacts. And furthermore, almost any sample
which is free from the even worse error source, interference
fringes, must necessarily show a significant nonuniformity.
The problem is thus not only severe, but far more common
than usually realized.

A detailed mathematical analysis of the problem has only
now become meaningful, since previous analyses (2) involved
two unspoken and unfulfilled assumptions: Uniform beam
irradiance (4), and negligible photometric effects due to beam
deflection by the sample “prism” (5). These requirements
have now been met by FT-IR, making the spatial nonuni-
formity errors predictable and eventually correctable.

Therefore, this paper will use the absorbance error due to
wedging to calculate analytically the consequent concentration

errors and residual spectrum shape and amplitude to be
expected for each of the weighing procedures used in ab-
sorbance subtract spectrometry.

Furthermore, a procedure for spectrometric wedging de-
termination will be described, and its use to generate
wedging-free results described.

ABSORBANCE ERRORS DUE TO SAMPLE
WEDGING

If f(x) is the probability distribution function of the sample
thickness, its integral mean absorbance can be seen to be

f /(I) eIn 10k(vexd
Aw) = -log 22— =

f f(x)dx
~log J;" f(x) e-ln 10k0Iezqy (1)

where k(v) is the absorptivity as a function of the frequency
v and c is the sample concentration.

The simplest sample nonuniformity, sample wedging in an
uniform beam makes all sample thicknesses in a range Al
around a mean [ equally probable. Thus, f(x) is a constant,
and we can write

1+(al/2)
o o =g @

(Al/2)
Substituting this into Equation 1 now gives

i gl i 10k()e(al/2) In 10k(r)e(Al/2)
) = — —_— n )l — P v)
Ab) = log § TorGe 1© € !
3)
and if we write A(v) for the true absorbance
A@v) Al
= 2 |
A() - A() =log ————= (4)
fu [ 1 22 &
sinl n 2 1

0003-2700/79/0351-0495$01.00/0 © 1979 American Chemical Society



496 « ANALYTICAL CHEMISTRY, VOL. 51, NO. 4, APRIL 1979

, Lo
3>
:
<
g
. 0.8
>
. 0.6
<
g
- 0.4
<
2 0.2
<
2]
z
g 0.0
o
@
2

FREQUENCY 2(v-vg) /B

Figure 1. True absorbance, error spectrum, effect of wedging, and
residual spectra for various absorbance subtract techniques as a function
of frequency for peak absorbance 1.0, and a £25% thickness range.
A: true absorbance for a Lorentzian band; B: absorbance in the
presence of wedging; C: error spectrum = residual spectrum from

“no negative value" subtract; D: residual spectrum from “peak integral
nuling” subtract; and E: residual spectrum from “peak center nulling”
subtract

This in turn can be expanded as a Taylor’s series in A(v) (Al/1)
to give

A6l = ln 10 Az(p)(AI) [1 LS U
120
ALY Inl0 (i‘)‘_ _
(l)+120720A(") [ i

YA} 4
0.09594 Az(u)(i—l) - 4.239 X 10 x A‘(u)(i[) +

6
2.234 X 10°° AG(u)( ) ... (B)

Figure 1 shows this error for A(rg) = 1 and a £25% thickness
range. It can be seen that the error is not severe until fairly
significant A(v)(Al/1) values are reached.

WEDGING ERRORS IN ABSORBANCE
SUBTRACT SPECTROMETRY

The preceding conclusion is drastically altered in absor-
bance subtract spectrometry, where the subtraction of similar
spectra and large scale expansion of the remainder gives
spectra which may easily be dominated by this error source.

Figure 1 shows the appearance of a Lorentzian spectral peak
of true peak absorbance A(yy) = 1.0, for both a flat sample
and one having a thickness variation of £25%. The third
curve shows a 25X expansion of the difference, showing a nice
“difference" spectral peak produced only by the wedging error.

Current practices in absorbance subtract spectrometry use
both higher peak absorbance spectra and much higher scale
expansions. The probability of the results containing spurious
effects due to even slight wedging is therefore high.

While on the subject of current practices in absorbance
subtract spectrometry, there is one that greatly disturbs me.
Partially at least in response to earlier reports on studying
intermolecular interaction effects by absorbance subtract
spectrometry (6), a habit has grown up of automatically

blaming on them any anomalies encountered in this technique.
“Intermolecular effects” sounds impressive enough, and since
they are little understood and presumed to be unavoidable,
nothing needs to be done.

This facile assignment of a scapegoat about which one is
then fatalistic has been discouraging to a serious effort to
understand and correct many real errors in absorbance
subtract spectrometry. What is more, many of these other
problems are potentially or actually curable, as shown in this
paper, and account for a substantial part of the so-called
“intermolecular effect” residuals.

Actually, spurious difference spectra due to wedging need
not always have the appearance of Figure 1: Absorbance
subtract spectrometry is usually done with an adjustable
weighing factor on one of the spectra, which is adjusted to
obtain the optimal end result.

Three end points can be distinguished in this process, all
of which are commonly used. The first consists of carrying
the subtraction to the point where negative values just appear
on the peak shoulders. In a pure wedging situation, this gives
a residual spectrum precisely as shown in Figure 1, whose
intensity is given by

In 10 aw

S [ ] In 10 2
AA() = log T— =3 4V

Al) —
(6)

Figure 2 gives AA(v) = A(v)(Al/l). For a Lorentzian peak,
Equation 6 becomes

. In 10 Alrg)
sinh ——
2 14 4v-r?/B?

AA(y) =1 ~
! & In 10 Alwy)

2 1+ 4(v - /B

In 10 A%w) ( iz)ﬂ -
24 1+ 4 - L’(])H/BEF l

where B is the bandwidth at half-height and v, the peak
frequency.

More refined end-point criteria involve nulling the intensity
at the initial peak location, or nulling the integral of the
residual spectral peak either by estimation or by automatic
computation.

WEDGING ERRORS IN PEAK CENTER NULLING
ABSORBANCE SUBTRACT SPECTROMETRY

The weight assigned to the spectrum being subtracted can
be modified for nulling purposes. Since this weight ultimately
stems rom the concentration of the molecule whose spectrum
is subtracted, assigning it an incorrect value amounts to
deriving an erroneous sample concentration.

Nulling the intensity at the peak location can be therefore
expressed as

sinh [M k(no)c..\l]

Alvg) - K(vp)(c + Ac)l = log
=i 1 E(rp)cal

(v Acl = 0 (8)

which can be transposed to



1 10
220 4wt ,

Lo
y =~
(vg) gink [In 10 A ("0)( )]
1 10 Al In? 10 Al\?
: MMX(,)L—j% M%(T)+

: ] b3 <<1 @

Ac
c

giving significant errors in the calculated concentration.
Furthermore, there will be a residual spectrum, given by

AAW) = A() - k()(c + Ac)l =

In 10 4 (,.)5’
log———= -
sinh [l“ 10 A( )—]
In 10
AG) | 2 A(""’ In 10
Ao © w10 a2 A0
smh [ A(v(,)—]

2 A_[)2 _k’10 ,, ,(A_l)2
A (vo)](l xX|1 120 A%(v) 7 +

which for a Lorentzian band becomes

] (10)

Al
In 10 Al
2 1+ 4y - vp)?/B?
NAW) = Al -

. In 10 Alvy) Al

smh T T e

2 1+4(w-v)2/B* 1

In 10 Al
1 5 A7

X log ~
+ i 2 2
1+ 4(v - v)*/B sinh [m 0, w_]

In 10 [ Al)\? A%(vp)
—_ e e — 3 AQ
2 ( ] ) % [[1 + 4(v - vp)?/BY? w] x

_In?10 ,, (il)2
[1 oAl T )| an

This residual spectrum peaks at » = v, £ B/2, where its value
is
AA(yy B/2) log
In 10
4

Ay, ) [e(ln 10/2Atm)(al/1) _ o-(In lO/”)A(m)l.\I(l)]}

elln 10/4) A1/ _ o-(in 10/4) Al)(al/1)
ln 10
AQ(PU) (12)

showing a 4-fold reduction in the resxduul spectrum peak
intensity from that given by the no negative value technique.
However, the shape of the spectrum now becomes quite
different.

The shape and values of A’A(v) for the above example can
be seen in Figure 1, while Figure 2 shows A’A(vx B/2) as a
function of A(vp)(Al/l). Finally, (Ac/c)/(al/l) as a function
of A(vg)(Al/1) can be seen in Figure 3.

WEDGING ERRORS IN PEAK INTEGRAL
NULLING ABSORBANCE SUBTRACT
SPECTROMETRY

Nulling the integral of the residual peak in absorbance
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Figure 3. C errors produced by wedging for the various

absorbance subtract techniques as a function ol |he peak absor-
bance-relative thickness change product. A: “peak center nulling”
subtract; and B: “peak Integral nulling" subtract

subtract spectrometry can be approximated manually or done
automatically. (The corresponding computer routine, Au-
tosubtract, is available from Digilab for its FTS instru-
mentation.) The end result in either case can be expressed
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j;' [AW) - k() (c+ AcHl]dy =

s | 220 A(v)g] )
—— %3, NG Ndv =0
Jo g lnlO ()A_l dv-act f k)dv
(13)
which can be rearranged to
A _In10 Al
c 24 !
In? 10 21( ) 2 j
j; k (v)[ o0 | k*(v) + . ds
(14)

j;' k()dv

giving for a Lorentzian peak

Ac’ lnlOA(yo)( ) f 1 _
c o 1+ 4(r-v)?/B?

[1 10 oty /11 + - v)?/BEE + .

120

V
i I R—— T
d'/j; T+ 46 -rr/m Y

which to first order reduces to

b dv
g ZJ‘ 1+ 4(v - 1y)%/B%?
Ac’ ln 10 A("u)( ) o | 0/ _

¢ fm dv
o 1+4w- vy)?/B?

In 10
W A(V‘,)( ) (16)

which is !/, the error arising from the peak center nulling
technique. This technique also gives a residual spectrum,
described by

AA"(v) = AW) - k(v)(c + AcHl =
sinh['" 10 i )~

In 10 10 A(u) Al

log - k() Acl (17)

which, to first order and for a Lorentzian line, becomes
1-4(v - vy)%/B?
L\A"(l') = n_lO A2(”0)( ) .—0 (18)
[1 + 4(r - vy)?/B?)?

which has a central peak at v, for which
In 1
aAGy = 10 A?(x'(,)(“) (19)

half the value given by the no negative value technique, and
subsidiary minimae given by

\/ﬁB 2
)t wn(3) e

2

AA vy £

one quarter the size of those given by the peak center nulling
method. Figure 1 shows AA”(v) for the above example, while
Figure 2 shows AA “(») as a function of A(v)(Al/!) and Figure

3 gives (Ac’/c)/(Al/1) as a function of A(vg)(Al/1).

MATHEMATICAL CORRECTION OF WEDGING
ERRORS
If the value of Al/! can be determined independently, the
wedging errors can be strongly reduced by performing the
correction

AW = A(y)+]“ 19 Al(u)( ) (21)

where A (v) ~ A(») is the corrected spectrum and A(v) the
measured one. All further calculations using A.(v) will then
have error levels lower by

f=20 “’A?(u)( ) @2)

If Al/l cannot be directly measured, it can be found
spectrometically for bands of known shape by observing the
band distortion. If the true band shape is known and [ and
¢ are known for scaling purposes, the calculation is fairly
simple.

Thus we have to first order

_\1_[ 24 k(.-)cl-A(u)]”2

— = —— 23
! In 10 k2(y)c22 (23)
If, on the other hand, either ! or ¢ are unknown, the ref-
erence spectrum can be used to calculate k(v), and a system
of equations solved for two different frequencies to give

RO
- 51 AW) —~ k) - A(v) o
i VAT k()
T k()
as well as
= k(v =
i 0 a0
k3 (v')
cl = # (25)
R (v
k(u)[ m -1 ]
giving
AI k(v) ’l(l_")_
ln 10 k() k(v)
R
A(")k(u') - A)
2
A (6)
v ) v

which for # = »y and »’ at the half-height location, reduces to
Al 3

/240 £ B/2) - Alvg)
=4

T In10 4A(s, £ B/2) - Alrg)

The accuracy of this measurement decreases very rapidly with
decreasing Al/l, but precisely so does the need for this ac-
curacy. In practice, the reference spectrum of the same
compound may be obtainable from the same sample if a much
thinner sample of it is obtainable, as wedging errors can be
neglected in the optically thin limit. An alternative procedure
is to vignette the beam down to a much smaller sample area,
over which Al will be much smaller, again providing a *‘wedging
free” reference. This lower thickness or lower beam size



reference can then be used to correct the full thickness, full
beam size spectra which are most advantageous for absorbance
subtract spectrometry.

CONCLUSIONS

Wedging in appreciably absorbing samples will produce
absorbance errors which are greatly magnified in absorbance
subtract spectrometry. The extent of this error can be cal-
culated by the exact or simpler approximate formulas de-
scribed here, and is shown graphically.

In absorbance subtract spectrometry, the significant re-
sulting errors depend on the procedure used for setting the
weighing coefficient for the subtracted spectrum. For the
simplest procedure of using the highest weight that just fails
to produce negative values in the peak’s difference spectrum,
the weighing coefficient will give the correct concentration,
but produce a residual spectrum of peak intensity (In 10/24)
A%(vp)(Al/1)? and slightly distorted appearance.

If, instead, nulling the peak center intensity is used as a
criterion, (Al/1)? the concentration found will have a relative
error (In 10/24) A(vg)(Al/l)%. There also will be residual
spectrum peaking at both half-height locations on the band
with an intensity (In 10/96) A%(vo)(Al/1)2
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Lastly, if one nulls the peak integral, which can be done
with an automatic program, one obtains a relative concen-
tration error of (In 10/48) A(v,)(Al/1)% and a somewhat
distorted residual spectrum of peak intensity (In 10/48)
Aq(vo)(Al/1)% This increases the residual spectrum amplitude
but reduces the concentration error.

The whole problem can be greatly reduced by using ab-
sorbance corrected for wedging if Al/l is known. This can also
be measured spectrometrically if the true shape of at least one
band is known, by using its distortion to calculate Al/l by
equations given here. This true band shape can be obtained
from reference samples or from reduced thickness or reduced
beam size sample spectra.
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Determination of Oil Content in Oil Modified o-Phthalic
Polyester Resins by Infrared Spectrometry

James A. Vance,* N. Bradford Brakke,' and Paul R. Quinney?

Analytical Laboratory, Lilly Industrial Coatings, Inc., 666 South California Street, Indianapolis, Indiana 46225

In the analysis of oll modified, o-phthalic polyester resins
(alkyd resins), determination of phthalic anhydride and oil
(triglyceride) are common. Lengthy, wet chemical methods
exist for these d inati The objective of this work is
to develop an infrared technique to determine the percent oil
in phthalate—glycerol alkyd resins, within the accuracy of the
gravimetric procedure. Using integrated intensities for
phthalates and triglycerides, it can be shown that the area
under the carbonyl absorption band is the total of the com-
ponent areas. By determining the concentration of phthalic
anhydride gravimetrically, the area due to that concentration
may be determined. The area due to the oil may then be
obtained by subtracting the area due to the phthalate from the
total area under the absorption band. The corresponding
concentration may then be calculated. The results show that
the calculated oll percentage is within the accuracy of the
gravimetric procedure.

Phthalic anhydride content of alkyd resins is a determi-
nation outlined in ASTM designation D563-52 (I). This
procedure has proven itself to be simple, yet accurate and
reproducible. ASTM designation D-1398 (2) outlines a
procedure for the isolation and quantitative determination

! Present address, Lilly Chem|cal Products, Inc., Athol Road, P.O.
Box 188, Templeton, Mass. 014

2Permanent address, Butler Umversuy 4600 Sunset Boulevard,
Indianapolis, Ind. 46208.

of fatty acids in alkyd resins. This method is considerably
long and tedious.

We are searching for a method of alkyd resin analysis for
the determination of oil that is rapid, yet quantitatively
reliable and reproducible. For a quick, quantitative method
for the determination of oil, when the concentration of phthalic
anhydride is known, would save analysis time. Infrared
spectrometry, being a powerful tool in this industry, seems
a logical vehicle to obtain what we want.

In a typical phthalate alkyd resin the carbonyl absorption,
occurring at 1735 cm™!, is due to two components: oil and
phthalate. If we could measure the area of the carbonyl
absorption band, and having known the percentage of phthalic
anhydride (thus its effect upon the carbonyl absorption of the
resin), then it would be possible to deduce the concentration
of the oil.

area (total carbonyl) = area (oil-carbonyl) +
area (phthalate-carbonyl)

The integrated intensity, B, is defined as:

1
B poarea
where b = the cell path length (in cm), ¢ = the concentration
(in mol/L), and the area is that under the absorption band
(in cm!). Several methods for the determination of integrated
intensities have been reported in the literature (3-5). We will
use the Ramsey method (4) and the Cabana method (5), as
well as direct integration, to obtain integrated intensity values
for phthalates and triglycerides.

0003-2700/79/0351-0499801.00/0 © 1979 American Chemical Soclety
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Table I. Average B Values for Phthalates

and Triglycerides
B
B (Cabana
(direct B and
compound integration) (Ramsey) Sandorfy)
dimethyl 1.16 1.45 1.24
phthalate
dibutyl 1.22 1.64 1.32
phthalate
dioctyl 1.17 1.45 1.25
phthalate
dibutyl 1.21 1.60 1.30
terephthalate
triacetin 1.07 1.30 1.16
tributyrin 1.00 1.13 1.08
trilaurin 1.00 1.31 1.13
tristearin 1.01 1.27 1.11
EXPERIMENTAL

Determination of B Values. The initial step is to prove that
the hypothesis holds true for a selected number of known, pure
reagents. The following compounds were run at conditions set
below, and their respective integrated intensities calculated. These
materials are dimethyl phthalate, dibutyl phthalate, dioctyl
phthalate, dimethyl isophthalate, tributyrin, triacetin, trilaurin,
and tristearin.

Each material was diluted in solution with spectral grade carbon
tetrachloride to a concentration that would yield a carbonyl
absorbance between 0.4 and 0.8 A. After a few trials, it was evident
that 0.10 mole of carbony! per liter was the appropriate con-
centration. Three solutions of each reagent were made: 0.08, 0.10,
and 0.12 moles of carbonyl material per liter.

These solutions were run in a liquid cell whose pathlength had
been previously determined. They were run on a Beckman IR-12
spectrophotometer, using the following conditions: glower current,
0.6 A; coarse gain, 10; fine gain, 2.0%; period, 2; slit width, 1.1
at 1000 cm™; abscissa expansion, 20 cm™ /inch; mode, absorbance;
chm;t speed, 20 cm ! /min; and scanning range, 1650 cm ! to 1850
em™.

The resulting spectra of the absorptions were then treated in
the following fashion. Dibutyl phthalate is used as an example,
Figure 1. Integrated intensities were calculated using the Ramsey,
Cabana and Sandorfy, and direct integration methods.

(A) Ramsey Method.

«=A/be

B = (K)((ay%y,2)
(B) Cabana and Sandorfy Method.

1 To
B= s In ?[0.549(&',/51(,/“ + Ay 5K 9 +
0.156(AwyKyyy + Ay Ky ) + 0.169(Avy 5Ky )y +
Ay pK' ) + 0.124(Avy Ky + Ay K il

(C) Direct Integration Method.
area by planimeter = 4.84 sq. in.

The chart paper we are using on the Beckman IR-12 is a 1-inch
square grid. Since we are running at 20 cm™ per inch on the
abscissa and 1 inch is equal to 0.1 A, we can convert square inch
readings to wavenumber-absorbance units by multiplying by a
factor of 2.

area by planimeter = 9.68cm™ - A
1
B=—
polrea

Table I contains average B values obtained by the three methods
for the known compounds studied.

Testing the Validity of B Values with Known Mixes. The
known materials were paired into the following group: dimethyl
phthalate-triacetin, dibutyl phthalate-tributyrin, dioctyl

Table II. Areas of Known Binary Mixes
area, cm™'-A

meas- calcu-
mix ured lated
dibutyl phthalate/tributyrin
1:1 mix 19.01  19.08
2:1 mix 22.01 21.68
1:2 mix 21.56 21.46
dimethyl phthalate/triacetin
1:1 mix 19.32 19.44
2:1 mix 18.52 18.79
1:2 mix 18.42 18.47
dioctyl phthalate/trilaurin
1:1 mix 18.11 18.14
2:1 mix 18.51 18.44
1:2 mix 16.99 17.19
dimethyl isophthalate/tributyrin
1:1 mix 20.54 21.27
2:1 mix 19.22 21.18
1:2 mix 20.64 20.27

Table III. Phthalic Anhydride Determinations

% PA
resin theoretical found
A 43.74 45.01
B 49.07 49.41
(6] 43.99 44.05
D 38.90 39.30
E 33.22 33.12
F 32.98 31.81

phthalate-trilaurin, and dimethyl isophthalate-tributyrin.

Three synthetic mixtures were made of each pair. These mixes
were in the ratios of 1:1, 1:2, and 2:1. They were run under the
same conditions cited above. The absorption bands were inte-
grated by planimeter. Calculations were made and compared to
the concentration data as follows: a dibutyl phthalate-tributyrin
mix will be used as an example.

Remembering that we have calculated a B value for the dibutyl
phthalate and the tributyrin separately, we can now compare a
theoretical calculated area with an area that we measure. The
measured area of the dibutyl phthalate-tributyrin mix is 21.55
wavenumber-absorbance units. Using the B values that we
obtained from the Ramsey method, the theoretical area should
be:

(Bdhp)(l‘dhv)(b“u) + (By) () (been) = (1.64)(6.66 X 10 2)(1.06 X
10 %) + (1.26)(12.26 X 10 ¥)(1.06 X 10 %) = 27.82 cm '-A

Using the B values obtained from the Cabana and Sandorfy
method, the theoretical area should be:

(1.33)(6.66 X 10 )(1.06 X 10°%) +
(1.12)(12.26 X 10%)(1.06 X 107*) = 23.83 cm™*-A

Using the integrated intensity vaiues which we obtained from
direct integration, the calculated area should be:

(1.22)(6.66 X 102)(1.06 X 10°2) +
(1.00)(12.26 X 10°2)(1.06 X 107?) = 21.50 cm™'-A

Table II contains data on the mixtures, their measured areas and
the theoretical areas calculated. The seemingly large differences
in areas from method to method will be discussed in the Results
and Discussion section of this paper.

Testing Hypothesis in Production Resins. Oil modified,
o-phthalic polyester resins that are made commercially were
analyzed by the gravimetric method cited earlier for the de-
termination of phthalic anhydride (1). These determinations were
compared to the theoretical phthalic anhydride content of the
polymer, and the results can be found in Table III.

Samples of these resins, 0.2 to 0.5 gram, were taken and placed
into 25-mL volumetric flasks. To each flask, a few drops of
benzene were added to reduce the sample and cover the bottom
of the flask. The flask and its contents were then placed into a
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Table IV. Weight Percent Oil in Production Resins

% oil
resin theoretical IR method gravimetric
A 27.37 26.90 25.50
B 29.63 29.41 27.57
o] 36.67 35.96 33.72
D 45.20 43.90 42.98
E 52.80 49.71 49.14
F 51.57 51.78 49.87
Average difference 1.00 2.41

from theoretical

used here because they are the reagents we had that are closest
in molecular weight to phthalic anhydride and a triglyceride in
a resi structure.

N T

™ !

Figure 1. Dibutyl phthalate

vacuum oven and heated at 60 °C for a period of 0.5to 1 h to
drive off all volatile material. At this point, the flask was removed
and allowed to cool. The contents were diluted with carbon
tetrachloride to a volume of 25 mL. A sample of this solution
was placed in a liquid cell and the region of 1650 cm™ to 1850
cm™ was scanned in the infrared. The area under the carbonyl
absorption band was taken and the calculations made as follows:
Resin C will be used as an example.
% phthalic anhydride (theoretical) = 43.99%
% phthalic anhydride (found) = 44.05%
total area integrated = 7.23 cm™'-A

To calculate the area due to the phthalic anhydride content:
(g of polym) (wt % P.A.) (1 mol)

(volume) (1) (148.12 g)
(2 C=0 units) (B) (be) _ (0.1976 g) (44.05%)
(I molecule) (1) (1)  (0.025L) (1)
(1) (2) (1.22) (1.09 X 10°2) _
(14812g) () (D o

To calculate the area due to the oil content:

X

6.21 cm -A

total area - area due to phthalate = area due to oil = 7.23 -
6.21 = 1.03 cm™-A

To calculate the concentration of oil from this area the equation
is:

area

= % oil
(g of polym) (1 mol) (3 C=O0 units) @ (been)) 2
(volume) (878 g/mol) (1 molecule) (1) (1)
108 cii A — = 35.15%
(1976 g) (1) (3) (1.00) (1.09 X 10?)
(0.025 L) (878 g) (1) (1) (1)

Integrated intensities for dibutyl phthalate and tristearin were

Resins with an oil content of 30% to 50% were analyzed by
this method, and the results, along with a comparison to com-
parable methods, can be found in Table IV.

RESULTS AND DISCUSSION

We conclude that the hypothesis that area,,, is equal to
the sum of the area from the phthalate and the oil is valid.
For the quantitative aspect, the integrated intensity method
appears to yield satisfactory results.

The B values shown in Table I indicate a disagreement
between the various methods. We believe that the Ramsey
method yields higher values because the absorptions we are
working with are not ideal in shape, rather ones that are
skewed to one side or the other. The Cabana and Sandorfy
method yields better results, but for the quantitative work
shown, the direct integration method seems to work best. B
values obtained by this method agree to within £2%.

The synthetic mixtures also indicate that the direct in-
tegration method is the best. In most cases, the calculated
area is within 2% of the measured area.

Finally, the results of the production polymers indicate that
the method is valid. In comparison to the gravimetric method,
the integrated intensity method is within the accuracy and
precision of the gravimetric method.

The single, largest limiting factor for this method is the
placement of the base line. A slight deviation in placement
of the base line can yield a 10% difference in the B value.

All of the polymers studied were solublized in xylene
isomers. If resins reduced in higher boiling solvents were to
be studied, then a more efficient vacuum would be needed
to completely evacuate all volatile materials.
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Nanosecond Time-Resolved Spectrometry with a Tunable Dye
Laser and a Simple Pulse-Gated Photon Counter

Totaro Imasaka, Telichiro Ogawa, and Nobuhiko Ishibashi®

ity, Fukuoka 812, Japan

Faculty of Eng ing, Kyushu Unh

The design and construction of a fluorometric system with a
nitrogen-laser-pumped dye laser (At = 4 ns, AA = 3.5 pm)
excitation source and a gated (Af = 4 ns) photon counter
signal processor Is described. The time resolution of the
system Is about 5 ns. The system can be applied to the lifetime

ement of d decays. The sy was used
for the ement of time Ilved spectra and for the
detection of mol fluor at Ap =5 X 107", where
A ls the absorbance and ¢ the fluorescence quantum yleld.

The development of high-power, high-resolution, and re-
liable lasers has accelerated the use of fluorescence spec-
trometry as an analytical tool. Above all, a nitrogen-laser-
pumped dye laser has been a very useful excitation source for
atomic (1) and molecular (2) fluorometry because of its wide
tuning range.

Since this laser has a very short pulse, an excellent
time-correlated detection system is essential. A boxcar in-
tegrator offers a range of variable sampling gatewidths down
to 10 ns and plug-in heads with the minimum width of 100
ps. However, the system of analog detection and boxcar
averaging places a severe limitation on the sensitivity. A
photon counting technique can increase the sensitivity, and
techniques using a sampling oscilloscope (3, 4) or a time-
to-amplitude converter (TAC) (5, 6) have been developed to
take advantage of their high sensitivity and their high time
resolution. However, the maximum counting rates of such
a system are relatively low. A pulse-gated photon counting
technique has been applied to detect very weak Raman
scattering (7-9); however, the time resolution of the previous
apparatus did not allow the nanosecond time-resolved
spectrometry.

The design and the construction of an apparatus for
nanosecond time-resolved spectrometry with a nitrogen-
laser-pumped dye laser and with a simple pulse-gated photon
counter will be described in this paper. The apparatus is very
sensitive and is capable of observing multiple-photons per laser
pulse for long-lived photoemission.

INSTRUMENT DESIGN

The basic components of the experimental apparatus are
a nitrogen-laser-pumped dye laser and fluorescence detection
equipment, as shown in Figure 1. Each element will be
described in detail in subsequent sections.

Nitrogen Laser. The nitrogen laser was constructed on
the design of a LC inversion type. It consists of a 65-cm long
discharge tube, 100-nF capacitors (Nichicor, 5 nF X 20), and
a pressurized spark gap switch. The nitrogen laser was op-
erated at the repetition rate of 15-25 Hz. The output power
and the pulse width were about 100 kW and 8 ns, respectively.
Forced air cooling was requisite to its stable operation.
Adequate shielding against the large quantity of radio fre-
quency interference (RFI) was very important for photon
counting.

Dye Laser. The dye laser cavity follows the design of
Hansch (10), consisting of a grating, a beam expander (Oriel,
X 20), the dye cell, and an output mirror. A 600 grooves/mm

reflecting grating (30 X 30 mm) blazed for 500 nm was used
in 7th order of the back of the facets (11, 12).

Monitoring Circuit for Dye Laser Output. The in-
tensity of the dye laser was monitored by an HTV R905
photomultiplier. The dynode voltage divider was tapered for
a pulsed signal (13). The signal was amplified by an oper-
ational amplifier (Teledyne Philbrick 1029); the time constant
was adjusted to 4.5 s for smoothing the pulsed signals. This
circuit is also useful for the measurement of the time-inte-
grated spectrum when the fluorescence intensity is consid-
erably strong (12).

Wavelength Isolation. Photoemission was focused by a
lens onto the entrance slit of either a 1-m single (JASCO
CT-100) or a 0.4-m double (JASCO CT-40D) monochromator.
The former was used for the high-resolution spectrometry of
gaseous molecules and the latter for the measurement of very
weak photoemission. The photons were detected with a fast
response squirrel-cage photomultiplier (R928) having a red
sensitive photocathode (185-930 nm). The base was wired
for single photon counting according to the manufacturer’s
recommendations except charging capacitors which were wired
to the tube socket (13).

Gated Electronics. An electronic system with fast time
response and high sensitivity has been constructed for the
time-resolved spectrometry. The advantages of the present
technique are simplicity, low cost, and easy construction. A
photodiode (LSD 39A, rise time 0.35 ns) received the dye laser
and triggered the gate pulse generator shown in Figure 2. The
circuit consists of two monostable multivibrators made of a
digital IC (SN74S00, 3.5 ns). The time delay and the gate
width can be changed by adjusting capacitors and resistors.
The widths were monitored by a synchroscope.

The photoelectron signal was gated and amplified with a
videoamplifier (MC 1445, 3.5 ns), as shown in Figure 3. A
transistor was used for adjusting the characteristic impedance
to 50 Q. This circuit was connected just below the photo-
multiplier (R928) in order to minimize the RFI noise and to
improve the time resolution by reducing stray capacitance.

The signal pulse was counted by an NF PC-545A photon
counter (10 MHz). The output signal was recorded either on
a digital printer or on a strip chart recorder.

EXPERIMENTAL

The 4-methylumbelliferone (4-MU), 2-phenyl-5-(4-biphe-
nyl)-1,3,4-oxadiazole (PBD), and aluminum Calcein Blue (Al-CB)
were the laser dyes used. The fluorescence cell for a liquid sample
was cylindrical, 6 cm in height and 4 cm in diameter. That for
atmospheric NO, had several iris diaphragms to reduce the
scattered light (14). The fluorescein was obtained from Tokyo
Kasei and it was purified from water. The NO, was continuously
generated by use of a permeation tube (Kitazawa); the air was
purified by a silica gel column and a carbon column. The
time-resolved spectrum was measured several times and the data
were accumulated and replotted manually. Typically it took about
8 h for recording a spectrum.

RESULTS AND DISCUSSION

Wavelength Resolution. The line width of the dye laser
is of importance for the measurement of the high-resolution
excitation spectrum especially for gaseous molecules. With

0003-2700/79/0351-0502$01.00/0 © 1979 American Chemical Society
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Figure 2. Circuit design of gate pulse generator. The time delay of
the output signal (OUT 1) is 0 ns and the gatewidth can be adjusted
to 0-1ms. The time delay and the gatewidth of the output signal (OUT
2) can be adjusted to 40 ns-1 ms and 0-1 ms, respectively. All the
measurements were carried out by using the gate pulse (OUT 1) except
for the time-profile measurement
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Figure 3. Circuit design of gated videoamplifier. Although the rise times
of MC 1445 are 3.5 ns, the gate operation at the first stage in the MC
1445 and the discrimination of the low electron pulse in the photon
counter seem to improve the resolution of this system

careful adjustment of the collimating telescope and the grating,
a line width of 3.5 pm of full width at half-maximum (fwhm)
was obtained for the 4-MU laser. The resolution of the dye
laser system was limited by the area of the grating (450
nm/600 grooves X 30 mm X 7th order = 0.0036 nm). When
the line width was of little importance, the first-order dif-
fraction of the grating was used for obtaining higher output
power. The reproducibility of the wavelength was confirmed
by measuring the high-resolution excitation spectrum of NO,
(15).

Time Resolution. The time resolution of the photon
counting system was evaluated by observing the response of
the Raman scattering of water, since it appears instantane-
ously. The time profile is shown in Figure 4(A). The fwhm
of the pulse, hence the time resolution of the total system,
was about 5 ns. The pulse width of the dye laser was measured
to be 4 ns by a photodiode (0.35 ns) connected to a SS-6200
synchroscope (1.7 ns); then, the resolution of the detection
system was estimated to be about 4 ns. Most of the published
pulse-gated photon counting systems have not been so fast.
The present apparatus allows nanosecond time-resolved
spectrometry and nanosecond lifetime measurements.

Counting Rate. The maximum counting rate of the
present system was limited by the counting rate of the photon
counter and by the repetition rate of the dye laser. A distinct
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in water (10°° M; pH 13, NaOH). The measurement was carried out
under the conditions of 0.5 count/pulse in the duration of 0-100 ns.
The maximum count rate was 0.02 count/pulse at 8 ns after excitation.
Oxygen was not excluded from the sample. Excitation source, PBD
laser; Ao, = 377.1 nm, A\, = 0.4 nm
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Figure 5. Fluorescence spectrum of atmospheric NO,(100 ppm).
Fluors was i in the ion of 0-300 ns. Excitation

source, AFCB laser, A, = 424.3 nm, A\, = 0.25 nm; AN, = 5 nm.
The ordinate shows the number of photoelectrons per 80 s

advantage of this system is that for long-lived emitters it is
possible to detect multiple-photons per laser pulse. When the
present circuitry is combined with a low repetition rate N,
laser, the counting rate is similar to that of a typical TAC
system for fluorophors of very short lifetimes (<10 ns).
However, when very high repetition rate sources are used, the
present circuitry has a distinct advantage since it works at
much higher repetition rates than a typical TAC system.
Thus, the present circuitry is especially useful for long-lived
emitters and for very high repetition rate sources.

Sensitivity. The sensitivity of a fluorometric system can
be evaluated on the basis of A¢ at its lower detection limit,
where A is the absorbance (ecl) and ¢ the fluorescence
quantum yield.

The fluorescence of atmospheric NO, is very weak, since
the absorptivity and the fluorescence quantum yield are
known to be very small; thus, it is difficult to measure the
spectrum by a conventional spectrophotometer. The
fluorescence spectrum of atmospheric NO, (100 ppm) is shown
in Figure 5. The broad band in the spectrum is due to
fluorescence from NO, and the sharp lines are assigned to
Raman lines of N; and O,. A linear analytical curve was
observed and the detection limit was determined to be 0.6
ppm, which corresponds to A¢ = 5 X 107! (14). The
background signal interfered with the detection of yet lower
levels of NO,; this may be caused by fluorescence from the
aerosol in the air. The detection of the molecular fluorescence
at A¢ = 5 X 102 would be possible if such background signals
could be removed as in the case of low-pressure gaseous
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molecules. In such cases, the sensitivity would be limited by
the noise from the nitrogen laser (about 1 pulse/100 s).

It would be possible to detect 2 X 107! M of fluorescein
with a conventional spectrophotometer (Hitachi MPF-4); it
corresponds to A¢ = 2 X 107. The results show that the
present apparatus is more than four orders of magnitude more
sensitive than the conventional spectrophotometer. The
detection limit of fluorescein with the present system was A¢
=6 X 107'% the residual contamination of the solvent water
did not allow the yet lower detectivity (16).

Linearity. An important consideration in the operation
of the photon counting instrument is the range of linear
response to varying intensities of photoemission. If the
separation of two photoelectron pulses is very short, it is
impossible to resolve individual photon counts. This mul-
tiple-photon event leads to saturation of the signal. The
relation between the observed counting rate R, and the actual
counting rate R is given by (8),

R=-In(1-R) (1)

A study of the counting rate vs. photoemission intensity
confirmed the validity of Equation 1. For qualitative mea-
surements, it is possible to operate this system up to the
observed counting rate of 0.5 count/pulse for short-lived
emitters (<10 ns). The above correction is required for higher
counting rate operation.

Application. The present apparatus has high time res-
olution, high sensitivity, and high wavelength resolution.

The time profile of photoemission of fluorescein is shown
in Figure 4 (B). From the slope of the semilogarithmic plot,
the radiative lifetime can tentatively be calculated to 2.4 ns.

The system was used for the ultra-trace analyses of at-
mospheric NO, (14) and of organic molecules in the condensed
phase (16, 17).

‘The electronic excited state of NO, was investigated; the
high wavelength resolution of the exciting source made it

possible to resolve the rotational levels of the excited state,
and the high sensitivity allowed the measurement of the high
resolution fluorescence spectrum (15). The time-resolved
spectra provided information about the inter- and intra-
molecular relaxation processes of NO, (18).
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Vapor Phase Determination of Blood Ammonia by an Optical

Waveguide Technique

P. L. Smock!
Department of Chemistry, University of Dayton, Dayton, Ohio 45469

T. A. Orofino and G. W. Wooten*

Research Corp , 1515 Nicholas Road, Dayton, Ohio

W. S. Spencer
St. Elizabeth Medical Center, Dayton, Ohio 45407

A technique utilizing light attenuation in optical waveguides
Is described for vapor-phase determination of ammonia in blood
and serum. The general approach Is applicable to clinical
determinations normally carried out in the vapor phase and,
with modifications, also to liquid-phase analyses. Resulis are
examined for i ity and | with a referer
(1) a linear relationship exists between absorbance and blood

| ation in the clinically usetul range of 0-400
ung/dL; (2) comparison with the reference method showed a
correlation coefficient of 0.92. Preliminary results are also
reported for application to determination of blood urea nitrogen,
creatinine, and total amino acids.

The purpose of this communication is to report some results
on development of a new technique for determination of
ammonia levels in whole blood. The analytical procedure
combines collection of ammonia from the vapor phase with
colorimetric determination of its concentration, according to
the response of a diffusion-controlled reaction involving
ninhydrin at the surface region of an optical waveguide. The
optical technique has been investigated for other applications
(1, 2). In the context of the present investigations, results
reported here indicate the technique may be useful for a
number of whole blood and serum analyses.

Blood ammonia levels are of interest clinically because of
the relationship between elevations in venous and arterial
concentrations of this substance and diseases of the liver. The
liver is the site for the most important detoxification process
for ammonia, wherein it is transformed into a few usable
synthetic products and the waste product urea (3). Hyper-
ammonemia and the associated cerebral encephalopathy arise
when abnormalities of the liver exist which prevent the
transformation reactions from occurring. The problems
associated with breakdowns in this detoxification process
include the hepatic coma syndrome, cirrhosis of the liver,
Reyes Syndrome, and the rare infant abnormality termed
hereditary hepatic orinthine transcarbamalase (E.C. 2.1.3.3)
deficiency (3-6).

Modern techniques for blood ammonia determination
include use of ion-exchange resins to absorb ammonium ions
from plasma (7-12) followed by one of the several common
colorimetric methods for ammonia determination. Other
recent approaches include use of ammonia-specific ion
electrodes (13, 14) and the enzymatically regulated NAD-

D 1 Present address, E. I. du Pont de Nemours & Co., Inc., Glasgow,
el.
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NADH reaction followed by changes in sample absorbance
at 340 nm (15) or NADH fluorescence (16). All the methods
in this category offer great sensitivity, but their complexity
can detract from utility in routine analyses.

Blood ammonia is often determined clinically by the
Seligson technique (17, 18), which involves adding potassium
carbonate to a blood sample to release the ammonia, collecting
the gas on a rod dipped in sulfuric acid, and determining the
product of a colored reaction using Nessler's reagent. This
determination generally requires an hour to complete and
involves a number of steps in collecting, extracting, and re-
acting the ammonia. The absorbance of the final colored
reactant is a function of the blood ammonia concentration.
The optical waveguide method presently described for de-
termination of blood ammonia would simplify some of the
steps involved in the Seligson procedure.

ANALYTICAL PRINCIPLE

The basis for the analytical technique investigated in this
work is the partial attenuation of a light signal traversing a
cylindrical optical waveguide by successive total internal
reflections. The waveguide in this case is a quartz rod 2 cm
in length and 0.1 cm in diameter with square, polished ends.
The rod is uniformly coated, except at the ends, with a suitable
polymer film which is transparent and contains a dispersion
of a chemical reactive toward the component of interest
(ammonia). The coatings are conveniently applied by casting
from solution, followed by drying and trimming of the
waveguide ends. In the present application, transport of the
component into the coating is from the vapor phase sur-
rounding the waveguide.

The reaction between the component and the coating
chemical is selected to produce an optical change in the
coating. In the ammonia application, the reactive chemical
incorporated is ninhydrin and the optical change is generation
of the wavelength specific, characteristic Ruhemann Purple
color. However, in general, the principle of the method also
is served by incurring changes in coating refractive index or
turbidity.

The analytical detection method is shown in Figure 1, where
the basic principle of total internal reflection responsible for
propagation of light in optical fibers or other waveguides is
illustrated. A longitudinal cross-section of a coated cylindrical
waveguide is shown, in which the refractive index of the
transparent coating n, slightly exceeds that of the glass or
quartz cylinder n,. A light ray entering the flat, polished end
of the cylinder from the air (n) is refracted somewhat upon
penetrating the coating. At the coating-air interface, con-
ditions are present to cause total internal reflection, according
to the optical laws of refraction and reflection. Total reflection

© 1979 American Chemical Society
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Figure 1. Light propagation in the optical waveguide

(less interface losses due to scattering) occurs for nll_ angl_es
greater than the critical angle a, given by the relationship

ny sin ag = ng sin 90° ~ 1 (1)

If the critical condition is met, the ray continues to propagate
along the length of the rod by successive internal reflections.
In the process, the ray passes repeatedly through the coating
and is attenuated according to the optical density of the
coating. In practical application, light from a polychromatic
source is passed through suitable lenses, masks, and filters
to isolate the desired absorption wavelength and to launch
a converging, hollow cone of illumination into one face of the
waveguide. The intensity of the light signal traversing the
length of the waveguide is measured photometrically.

If the concentration ¢ of color bodies absorbing at some
wavelength with extinction coefficient K is present in the
coating, the intensity of light traversing the waveguide before
(Io) and after (/) color formation will be given to a first ap-
proximation by the relationship

A =-log (1/1y) = Kbc (2)

where A is absorbance and b is total path length through the
coating. If, further, the concentration accumulated is the
result of a time exposure period of the coated waveguide, t,
to a steady vapor concentration, C (of ammonia), ¢ becomes
a function of both ¢ and C. In the simplest case, direct
proportionality prevails and one finds a relationship of the
form

A =K'Ct (3)

Here, K’ is a constant most conveniently assigned from ex-
periments involving controlled vapor exposure. Its value is
determined by the particular parameters of the diffusive and

hemical reaction pr involved in the mass transport
sequence. Equation 3 provides a means of determining C by
optical measurements before and after exposure of the
sensitized waveguide to an ammonia atmosphere, under
controlled conditions.

From the general principles outlined, it is evident that a
number of conditions are important in development and
application of a useful system. These include: (1) ability to
reproducibly release from the sample of interest and maintain
in the vicinity of the waveguide the component to be mea-
sured; (2) selection of waveguide coatings which are trans-
parent, compatible with the reactant and its products, and
which provide a medium of low chemical potential to collect
the component diffusing in from the surroundings; (3) spe-
cificity and stability of the light-attenuating reaction product;
and (4) sufficient dynamic range, precision, and accuracy of
the overall system for analytical use.

EXPERIMENTAL

Apparatus. A simple laboratory apparatus (Figure 2) was
designed and fabricated to determine the feasibility of applying
the optical waveguide approach to blood ammonia and ammo-
nia-related determinations.

The reaction is carried out in a 50-mL Pyrex flask fitted with
a side tube through which blood sample and reagents are admitted.
A tapered Teflon plug with an integral clamping arrangement
serves to seal the reaction vessel and hold the waveguide in place
during exposure. The reaction flask is very similar to that used
in the Seligson method.

- Tetion Plug o
Rubter Stegper

50! Reaction Flask

Vavegude | —"

Sangle & Reajents
Magnetic Sur Bar

Figure 2. Apparatus for determination of blood ammonia by the optical
waveguide technique

Figure 3. Rod holder for dip coating with beaker of polymer solution

Other equipment required for the measurements are the
cylindrical quartz rods (Thermal American Fused Quartz,
Montville, N.J.); a waveguide holder for the coating process with
machined orifices and set screws as shown in Figure 3 (Monsanto
Research Corporation); and a suitable dip-coating apparatus
(Fisher-Payne). The optical-electronic device for measurement
of waveguide transmission before and after exposure has been
described elsewhere (I).

Materials and equipment used for preparation of coating
solution include poly(vinyl alcohol) (Grade 92-125 [Elvanol] E.
I. du Pont de Nemours & Co., Inc.), ammonia-free water,
poly(vinyl pyrrolidone) (Monsanto Company), ninhydrin (Pierce
Chemical Company, Rockford, I11.), magnetic stirrer-heater, water
bath, digital pH meter, and Gardner bubble viscometer.

Waveguide Preparation. In preparing the waveguides for
use prior to the dipping procedure, they must first be cleaned in
a chromic acid solution, thoroughly rinsed in water, and dried
with a methanol rinse. The waveguides should then be micro-
scopically inspected to ensure that no chipped ends or grooves
are present.

Polymer solutions are prepared by pre-wetting 10 g of polymer
in 100 mL of ammonia-free water, slowly heating to 80 °C while
continuously stirring the solution, then cooling to 40 °C. Nin-
hydrin solutions in the proper weight percentage are added at
this point, the solution is stirred to uniformity, and character-
ization of the solution in terms of pH, viscosity, and color is
completed. Solutions are stored covered until use, to eliminate
chance contamination by ammonia vapor.

Once the coating solution has been prepared, the waveguides
are inserted into the holder, and, using the Fisher-Payne dip coater
as a device to ensure an even pull from solution, they are coated
twice—once from each end.

After coating, the polymer patches covering the ends of the
rods are carefully removed and the waveguides are then ready
for the reaction sequence.

Analytical Development. The basic analytical procedure
involved in both development and application of the coated



Table I. Recommended Reaction Conditions for Blood
Ammonia Determination

Waveguide Characteristics

(a) waveguide dimensions: 2 cm length x 0.01
cm diameter

(b) waveguide characteristic: smooth surface,
polished flat ends, no chips

(c) concentration: 30% ninhydrin in coating, by
wt, based on polymer

(d) coating: double-dipped coating process,
coating solution viscosity = 12.9 Stokes
(Gardner Bubble Viscometer), coating
thickness: 0.004 cm

Reaction Solution

(a) 1 mL sample
(b) 1 mL borate/OH buffer
(c) 1 mL ammonia-free water

Reaction Variables

(a) pre-humidification of coated waveguides: 2 h
(b) reaction time: 30 min

(c) reaction temperature: 25: 1°C

(d) post-reaction color development: 15 min

waveguide method for blood ammonia comprised three steps:
initial measurement of waveguide optical transmission at selected
wavelengths of incident light; exposure of the waveguide to a
vapor-phase source of ammonia generated from the blood or serum
sample under controlled conditions; final measurement of
waveguide absorbance and interpretation of results. In the
development stage, it also was necessary to investigate the role
of various components of the system in determining quantitative
analytical response.

Selection of a suitable coating material for the waveguides and
incorporation of the active ninhydrin reagent were important
considerations. Criteria for the coatings included optical clarity,
physical integrity, compatibility with the reagents added, affinity
for the moisture needed to sustain the reaction, and the con-
sistency of analytical response. A number of candidates were
investigated, including poly(vinyl acetate), poly(vinyl alcohol) and
physical blends. A high molecular weight poly(vinyl alcohol),
Elvanol 92-125, was finally selected, as it performed well under
high humidity conditions. Coating integrity was maintained even
after a 5-h exposure of 100% water vapor. Data on replicate
analyses for ammonia standards in the 0 to 300 ug/dL range
showed good levels of precision.

The ionic nature of the i drin reaction ind
that the water content of the polymer coating could influence
reaction sensitivity. This was found to be one of the most im-
portant effects to be considered, in that the amount of water
incorporated into the polymer film at the time of reaction had
a profound effect on reaction sensitivity and reproducibility. This
was quantitatively demonstrated by exposing coated rods for
varying time periods to 100% relative humidity environment,
previous to reaction with 100, 200, and 300 ug/dL aqueous

ium sulfate dards. The exposure times indicated that
an equilibrium state for coating water content, with respect to
the water vapor content of the pre-treatment tank and reaction
vessel, is reached in about 3 h pre-treatment time. Plotting these
same data in standard curve form indicated that a reproducibl
absorbance value for a given standard appeared with 2 to 3 h prior
exposure. Thus, prehumidification of the waveguide was adopted
as part of the standard procedure.

The ammonia ninhydrin reaction also depends upon pH, with
respect to the optimum value for the formation of the Ruhemann
Purple chromophore. After much experimentation, it was de-
termined that the addition to the polymer coating solution of
potassium hydrogen phthalate, a water-soluble and polymer-
compatible buffering agent, induced a pH of 5.0 in this solution,
earlier determined as optimum for the reaction in the work of
Stein and Moore (19). Rods coated with this solution and properly
humidified always developed a purple color on reaction with
ammonia, indicating the formation of the desired Ruhemann
Purple.

tod
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Figure 4. Correlation curve for blood ammonia: optical waveguide
technique vs. modified Seligson

Analytical Procedure. Recommended reaction conditions
for the blood ammonia determination which we arrived at from
our studies are summarized in Table I.

The procedure begins with t of optical issi
in the pre-humidified waveguide. To initiate the reaction in the
vessel of Figure 2, 1 mL of le ( dard or unk )

containing the ammonia is pipetted into the flask. To this is added
by pipette 1 mL each of the alkalizing agent and ia-free
water. The solution is stirred throughout the reaction by means
of a small magnetic stirring bar in the reaction vessel. Tem-
perature is maintained throughout the process by a suitable water
or air thermostat. After reaction, the waveguide is removed from
the vessel, allowed to complete post-reaction, and again optically
characterized for transmission.

RESULTS

The optical waveguide technique was applied to the
ement of ia levels in a series of whole blood
samples obtained from St. Elizabeth Medical Center, Dayton,
Ohio. In these analyses, pooled samples obtained from routine
daily clinical services were utilized. The specific technique
outlined in Table I was employed for all experiments.

A batch of coated waveguides was prepared and first
employed in construction of a standard curve based on
replicate ts on ium sulfate standards at
the 0, 100, 200, 400, and 500 ug/dL levels. Within-run
precision was represented by a relative standard deviation of
10-12%.

Duplicate analyses of ammonia concentration C ug/dL by
the waveguide method and by the Seligson technique were
next carried out on 35 pooled whole blood samples. The
comparison is shown in Figure 4, and corresponds to the linear
relationship

C, = 0.984 C, + 0.963

with correlation coefficient equal to 0.92. Here, the subscripts
w and s refer to the waveguide and Seligson methods, re-
spectively.

RELATED APPLICATIONS

In investigation of related clinical applications for the
optical waveguide technique, we determined that basically the
same system and methodology used for blood ammonia could
be employed for other measurements as well. These involve
specific enzymatic reactions liberating ammonia as an end
product. The tests include determinations for blood urea
nitrogen (BUN), serum CPK activity, creatinine, and L-amino
acids.

Blood urea nitrogen was selected for the first study because
this constituent is found in fairly high concentrations, and
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it is a common clinical test. The analytical scheme that is
commonly used for BUN is its reaction with urease to give
ammonia. Subsequent reactions may be selected for analyzing
the ammonia produced by the enzymatlc reaction. In our
approach, BUN is reacted with urease in the usual manner,
this reaction being carried out in the blood ammonia apparatus
at an incubation temperature of 37 °C. A 100-uL sample
proved convenient for normal levels in blood. After a suitable
incubation period has transpired, an alkalizing agent is added
to the reactants and the sensitized waveguide is placed in the
reaction chamber. The method from this point on is the same
as for blood ammonia.

A procedure for determining CPK activity and creatinine
was also examined briefly. It was similar to that for BUN
insofar as a reaction between creatinine and creatinine de-
iminase is incubated at 37 °C, gaseous ammonia is liberated
by the addition of an alkalyzing agent, and reaction occurs
with the rod. It appeared that optimization of reaction
parameters could make this a viable analytical method for
clinical tests.

Like BUN, L-amino acids constitute another reaction of
considerable clinical interest. In this case, the amino acids
react with L-amino acid oxidase to form ammonia which again
can be measured by the optical waveguide approach and
related to amino acid concentration. This scheme was tested
with different concentrations of L-leucine (100, 200, and 300
ug/dL). Again, no serious attempts were made to fully op-
timize reaction conditions but rather to demonstrate the
reaction as a feasible adjunct to our ammonia approach.
Measured absorbances were found to follow the different
amino acid concentrations.

It should be noted, in connection with prospects for these
additional tests, that in both the creatinine series and in the
amino acid determination, parallel runs for blood ammonia
must be made on samples of interest and subtracted from the
values obtained with the enzymatic reactions. There is no
problem with BUN since it is present at a much higher

ration than blood This is not the case with
creatinine and amino acids.

With regard to sensitivity of the optical waveguide method,
some experiments done on scale-down of the blood ammonia
technique also are of interest. We found that use of the same
coated waveguides described earlier also gave a practical level
of response in small reaction vessels containing 100 xL of blood
or standard sample. A suitable reaction time was 30 min. This

microscale test would find value in blood ammonia analyses
on infant heel-stick samples.
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Effect of Sample Thickness on the Magnitude of Optoacoustic

Signals

M. J. Adams,* G. F. Kirkbright, and K. R. Menon
Chemistry Department, Ii College of and Te

A study has been undertaken of the effects of sample
thickness of thin polymer films on the magnitude of opto-
acoustic signals observed from these materials on Irradiation
with modulated ultraviolet radiation. In the ultraviolet region,
the samples may be considered optically opaque. The results
obtained are in good agreement with published theoretical
predictions.

In recent years, there has been revived interest in the study
of the optoacoustic effect and, in particular, its applications

gy, London SW7 2AZ, United Kingdom

for the examination of solid and liquid samples. In the
optoacoustic effect, modulated radiant energy absorbed by
the sample leads to an increase in the internal energy of the
system, and subsequent deexcitation provides an increase in
the temperature which may be monitored as the periodic
pressure change in the gas surrounding the sample using a
microphone transducer. Several workers have described
spectrometers equipped with length g facilities
whnch ennble absorpuon spectra to be recorded (1-3); a

cial systems have also become
hni may be idered a ra-

available recently. The t
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diometric method and employed as a spectrocalorimetric
means of analysis (4).

Theoretical interpretations of the optoacoustic effect and
its applications to the study of condensed phase sample types
have been discussed by a number of workers (5-8); all agree
concerning the fundamental parameters which govern the
magnitude of the observed signals. Unfortunately, however,
to date there have been few published results to support the
theoretical interpretations; in particular, there is a dearth of
results relating to the quantitative interpretation of the effects
observed. Only absorbed radiation may contribute to the
production of an optoacoustic signal, and the important
sample characteristics determining the magnitude and nature
of the signal are the optical absorption coefficient of the
material studied at the wavelength of the incident radiation,
the efficiency of internal radiationless deexcitation, and the
thermal, heat-transfer coefficients (in particular the thermal
diffusivity) for the material.

In this communication, we wish to demonstrate that the
quantitative predictions for the dependence of the magnitude
of the optoacoustic effect on the sample parameters can be
shown to be valid for optically opaque samples of polyester
films of differing thickness.

EXPERIMENTAL

Apparatus. The amplitude of the optoacoustic signals ob-
tained from the polymer samples examined was monitored with
the aid of a double-beam optoacoustic spectrometer operated in
the single-beam, uncorrected mode. The constructional details
and performance characteristics of this instrument have been
described elsewhere (). Continuum radiation from a 300-W xenon
arc source was focused, through a variable speed rotating sector,
at the entrance slit of an F/4 grating monochromator. The
dispersed radiation from the exit slit entered the optoacoustic
cell via a concave folding-mirror. The working spectral range of
the spectrometer was ca. 250 to 2500 nm. The aluminum op-
toacoustic cell was fitted with a 20-mm diameter silica entrance
window and a similar silica plate was employed as the sample tray.
The total internal cell volume was ca. 1 cm® and a sensitive
capacitor microphone (Bruel and Kjaer Type 4166) was employed
as the pressure transducer. The signal at the microphone was
monitored with the aid of a lock-in amplifier, and the sample signal
amplitude was displayed as a function of the wavelength of the
incident radiation on a conventional potentmmer.nc chart recorder.

Procedure. A sch icd rating the mounting
of the polymer film samples is shown in Figure 1. Disks of
polymer film, 18 mm in diameter, were cut from the samples and
fixed with the aid of double-sided adhesive tape to the undersid
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Figure 1. Sample holder and method employed to retain the polymer
film
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Figure 2. The function [(exp(2a,x) + 1)/(exp(2a,x) - 1)] vs. x (sofid
lines) and the experimentally determined results for the relative op-

ic signal i lor values of sample thickness,
x,asat ion of modulatk 1 (@) @, 10 Hz; (b) @, 30 Hz;
(c) ®, 120 Hz; (d) O, 280 Hz. (The theoretical curves assume a value
of 107 cm?, s~ for the thermal diffusivity of the polymer samples)

Table I. Thermal Characteristics for Nitrogen and
Polyester Samples?

air (N,) polyester
a(cm?s™! 200 x 10°* 1.0x 107*
k(cal. s em™ K™') 6.4 x 10°* 3.4x 10
A;lw(s®**-cm™) 1.58 22.4
_ K Ag _ KpAyp _
KAs KA
1.33x 1072

@ Thermal data taken from ref. 9.

of the thin-walled, highly polished stainless-steel ring which was
mounted toget.her with the sample onto a similar thin-walled ring
« d within the ling tray. This arrangement was sealed
by means of locking nuts inside the optoacoustic cell and the
unnormalized spectrum of each polymer sample was recorded in
the wavelength interval 250 to 350 nm. The magnitude of the
signal at the peak absorption wavelength of 300 nm was measured
from the chart recorder display. The polyester film samples
examined were all of identical composition and of thickness, 6,
12, 25, 50, 125, and 250 X 10~ cm. Each sample was examined
at modulation frequencies of 10, 30, 120, and 280 Hz.

Transmission spectra of the samples in the ultraviolet region
were obtained with the aid of a conventional UV /visible spec-
trophotometer.

RESULTS AND DISCUSSION
Rosencwaig and Gersho (7), have developed a theoretical
interpretation of the optoacoustic effect observed for solid
samples in terms of the optical absorption coefficient of the
sample and its heat transfer characteristics. For sinusoidal
modulated radiation incident at the sample, the pressure
variation in the gaseous atmosphere within the optoacoustic

cell, P, is shown to be:
ABB

= kyag(B? - a,?)

where 8 is the optical absorption coefficient (cm™) of the
material under study and k, is its thermal conductivity.

@)

=1+ ja, 2
a, and a, are thermal damping functions of an alternating
temperature wave passing through the ple and gas re-

spectively and are given by:

o \2
a; = (a )

with w the frequency of the wave (i.e., the modulation fre-
quency) and «; the thermal diffusivity of the material.

In Equation 1, A is a constant factor which is dependent
upon the experimental arrangement and is proportional to
the incident radiant energy at the sample surface and the
ambient pressure within the cell.

(r=1)(b + 1) explo,x) — (r + 1)(b - 1) exp(-o,x) + 2(b*- r) exp(-px)

(g + 1)(b + 1) explox) - (g - 1)(b - 1) exp(-o,x)

4)
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B is a complex function for the system and may be ex-
pressed as in Equation 4 where x is the thickness of the sample

and the other functions are given by,

(5)

b= (6)

(7)
Ian .

The subscript “b" denotes the backing material of the
sample and the product k;a; may be considered as a thermal
flux coefficient for the material.

To simplify Equation 1, it is necessary to apply assumptions
which reduce Equation 4. The assumptions employed in this
study of the magnitude of the optoacoustic signals derived
from polymer films may be considered.

Conventional transmission spectroscopy studies were
undertaken for the thin film samples and these showed that
even the thinnest material, of 6 X 10 cm thickness, exhibited
an optical density greater than 3.0 at 300 nm. Thus at this
wavelength the samples may be considered opaque and 8 is
thus very large, i.e., exp(-fx) ~ 0 and r >> 1.

The experimental conditions employed, and shown in
Figure 1, ensure that the backing material is air and, hence,
identical with the atmosphere above the sample top surface,
i.e., b = g. Typical thermal characteristics of polymers and
air (nitrogen) are presented in Table I and allow us to make
the simplification that b, and g, << 1 (9).

With these assumptions we may simplify Equation 4 to
provide,

exp(o,x) + exp(-a,x)

S exp(o,x) — exp(-a,x) ®)

which may be rearranged,
exp(2a,x) + 1

= exp(20,x) - 1 ®

Substituting Equation 9 into Equation 1 and applying the
assumptions yields,
A(1 - j) exp(204x) + 1
P= 2—’— peplogg £ (10)
agak, exp(2ox) -1
With the aid of Equation 10, we may examine the effect
of variation in sample thickness, x, on the magnitude of the
optoacoustic signal. Examination of Equations 9 and 10
indicates that for low values of x (i.e., for thermally thin
samples) the signal magnitude should decrease with increasing
thickness and reaches a limiting value when B, as expressed
in Equation 9, approximates to r; at high values of x (thermally
thick samples), it should become independent of sample
thickness.
This manner in which the signal, as given by [exp(20,x) +
1] [exp(2j,x) - 1], should vary with the thickness, x, of the
sample is shown in Figure 2 for a variety of modulation
frequencies. Also shown in Figure 2 are the experimentally
determined data. For comparison purposes, the relative signal
magnitude data is presented, i.e., the 1/10 dependence
predicted at large values of x in Equation 10 has been avoided
by nor ization for modulation fri ies. The two cases,
thermally thin and thermally thick regions, are clear from
these results and good agreement is observed between the
theoretical curves predicted from Equations 9 and 10 and the
experimental results determined from the examination of the

optically opaque, thin polymer films.

It is interesting to consider the mechanisms of the heat-flow
within the sample and cell in explaining the nature of the data
shown in Figure 2. For any selected and fixed frequency of
modulation we may assign to the sample under study a
“thermal diffusion length” y, i.e., a distance within the sample,
from its upper surface, from which an alternating thermal
signal may reach the upper surface without appreciable at-
tenuation. Rosencwaig and Gersho (7) have assigned a value
of 1/a, (= p,) to this active depth. For an optically opaque
sample, any increase in sample thickness has a negligible effect
on the amount of radiant energy absorbed and, providing the
sample thickness is less than u,, an increase in thickness merely
serves to increase the mass of the sample which may respond
to the alternating thermal wave produced in the sample.
Indeed, to a first approximation, we may expect the thermal
wave amplitude, hence the optoacoustic signal magnitude, to
be inversely proportional to the sample thickness for a
constant sample area, for values of thickness, x, less than g,
When the sample thickness is greater than p,, however, the
sample mass, or volume, responding to the periodic thermal
wave is constant as negligible alternating thermal energy is
transferred to a depth greater than g, by definition of g, Also,
as y, is a function of modulation frequency, decreasing with
increasing frequency, the point of inflection of the two curves
(inversely proportional to thickness and independent of sample
thickness) moves to lower values of thickness with increasing
modulation frequency.

A further observation may be made concerning Equation
10. At high values of exp(2osx), the optoacoustic signal
magnitude is independent of sample thickness, as discussed
above, and Equation 10 reduces to

Al - ) py
P= —27181%— (11)
which is identical with the expression derived by Rosencwaig

and Gersho (7) for the case of the optically opaque, thermally
thick sample.

CONCLUSION

Unlike conventional spectrophotometric measurements by
transmission, an optoacoustic measurement depends not only
on the optical properties of the sample but also on its thermal
characteristics. For the samples described in this work, little
quantitative information concerning the samples could be
gained from their ultraviolet absorption spectra because of
their high opacity in this spectral region, even with relatively
thin samples. The optoacoustic results, however, show very
interesting trends with sample thickness and advantage may
be taken of the high opacity in the ultraviolet. Furthermore,
as the optoacoustic effect is concerned with a periodic thermal
wave, control of the thermal diffusion length may be achieved
by suitable control of the frequency of modulation of the
incident radiation.

The experimental data presented above agree well with the
theoretical treatment derived from Rosencwaig and Gersho
(7), and we believe that it serves to illustrate the general
applicability of their treatment of the optoacoustic effect. Our
experimental results also show that for any thickness of sample
above the thermal diffusion length, the signal magnitude is
« 1/W. It may be observed from our results that the greatest
errors arise at low modulation frequencies (10 Hz) and for thin
samples (6 X 10 cm thickness). Although decreasing the
frequency of modulation provides for an increase in signal
magnitude (see Equation 11), at frequencies below ca. 20 Hz
the experimental system employed for the studies described
above suffers increasingly from “1/f” noise. Also, with thin



samples (less than ca. 10 c¢m) the sample arrangement
discussed may give rise to erroneous results by vibration of
the sample due to the enclosed air volume below the sample.

With the increasing interest being shown in optoacoustic
spectrometry for the examination of condensed phase samples
not easily studied by conventional techniques, more quan-
titative data are certain to be produced to test the current
theoretical treatments and expand the currently limited
knowledge of the interrelation between the optical charac-
teristics and thermal transfer properties of a wide variety of
materials.
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Determination of Trace Elements in Light Element Matrices by
X-ray Fluorescence Spectrometry with Incoherent Scattered
Radiation as an Internal Standard

Robert D. Giauque,* Roberta B. Garrett, and Lilly Y. Goda

Energy and Environment Division, Lawrence Berkeley Laboratory, University of California, Berkeley, California 94720

A method for the direct determination of trace elements in light
element matrices is described. It takes ad ge of the fact

that the incoh mass ing coefficient for 17.4 keV
Mo Ka radiation Is relatively tant for the el ts Li (Z
=3)—>Ca(Z=20). C quently, incoherent tered
Mo Ka excitation radiation, correcled for matrix absorption,
can serve as an internal standard which P tes for

varlations In sample mass, X-ray tube output, and sample
geometry. Samples of ~0.5 g are prepared In the form of
thin specimens (~0.08-cm thick) in a cell between two
0.0006-cm thick polypropylene wlndows Standardization for

most el ts is achelved using d

diluted to ~100 ppm. Data ined trom |
transmission for | X-ray gles are used
to matrix absorp i For 15-min analyst

periods, results are typically accurate to within £10% when
X-ray counting statistics are not the limiting factor. Sensitivities
of 2 ppm or better are realized for 16 of the 22 elements
determined (Ti — Zr, Hg, Pb, Th, and U).

1 1 +

The determination of trace ts in light
matrices by X-ray fluorescence spectrometry requires the use
of appropriate techniques to compensate for matrix absorption
effects. Matrix enhancement effects usually are minor or
negligible.

The literature contains a number of methods or approaches
to deal with matrix absorption effects. In this paper we will
limit our discussion to reported methods which have used
scattered X-rays as an internal standard. These methods
requu'e minimum sample preparauon and do not necessitate
prior k ledge of major el t concentrations.
Andermann and Kemp (1) initially showed that scattered
X-rays could serve as internal standards to make matrix
absorption corrections. Cullen (2) determined Ni, Cu, and

Ag in acid solutions using coherently scattered W L X-rays
as an internal standard. Dwiggens (3) has measured both
coherent and incoherent scattered W L X-rays to predict
spectral background and matrix corrections for the deter-
mination of several elements in organic samples. A prereq-
uisite is that the elements have X-rays of energy near those
of the scattered X-rays. Reynolds (4) and, more recently,
Feather and Willis (5) have used incoherent scattered X-rays
to compensate for matrix absorptlon in analysis of trace
1 ts in thick geochemical sp This approach is
not applicable to multiel t trace ysis of light el
matrices because of the amount of material required to attain
infinite thickness for all radiations of interest. Furthermore,
it is preferable to use thin specimens, because higher peak to
background ratios and, thus, improved sensitivities, are
achieved. Nielson (6) has developed a numerical method for
computing matrix effects in which the ratio of coherent to
incoherent scattered X-rays is used to estimate the light
element content in pressed disks of mass 63 mg/cm®
In this paper, we describe a method for which the incoherent
scattered radiation, corrected for matrix absorption, serves
as an internal standard. The method takes advantage of the
fact that the incoherent mass scattering coefficient for 17.4
keV Mo Ka radiation is relatively constant for most light
1 t matrices. Homc of thin uniform
mass thickness are required for analyses.

THEORY

Figure 1 is a plot of the incoherent mass scattering coef-
ficient (7) of the elements H (Z = 1) through Ca (Z = 20) for
17.4 keV radiation. Except for hydrogen, the coefficients are
relatively constant. The incoherent mass scattering coefficient
of a sample, (01/p) o cm® g7, is expressed

(01/P)Tota = il (o1/p)iw; (1)

This article not subject to U.S. Copyright. Published 1979 by the American Chemical Society
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Figure 1. Incoherent mass scattering coefficients of the elements H
through Ca for 17.4 keV radiation

Table . Incoherent Mass Scattering and Total Mass
Attenuation Coefficients (cm?/g)

coefficient arle ulp
radiation Mo Ka Fe Ka
energy 17.4 keV 6.40 keV

matrix
CH 0.172 7.9
CH with 2% S 0.171 11.3
CH with 2% Ca 0.171 14.1
CH, 0.186 7.4
(o] 0.156 8.6
H,0 0.173 19.8
seawater 0.172 23.9
H,0 with 2% Ca 0.172 25.8

where (a)/p); is the incoherent mass scattering coefficient of
element i, and w; is the weight fraction of element i. The
weight fraction of hydrogen in most light element matrices
varies between 0 and 14%. The major fraction of the light
atomic number matrices are made up of other elements. Thus,
the incoherent mass scattering coefficient is relatively constant
for most light element matrices. Table I lists the incoherent
mass scattering coefficients for some light element matrices.
The coefficients typically do not vary more than a few percent
from that of pure water, with a maximum deviation of 10%.
Thus, the intensity of the incoherent. scattered radiation, when
properly corrected for matrix absorption, can be directly
related to the sample mass. However, there are wide variations
in the degree to which these matrices attenuate or absorb
fluorescent X-rays, as is evident in Table I. For example, the
total mass attenuation coefficient, u/p, at 6.40 keV, Fe Ka
X-ray energy, varies by a factor of 3.

Giauque et al. (8) have previously shown that matrix ab-
sorption effects can be determined experimentally for thin
uniform samples. Relative X-ray intensities are measured
from a target located at a position adjacent to the back of the
sample, with and without the sample, as illustrated in Figure
2. The combined fraction of the exciting and fluorescent
radiations transmitted in the total sample thickness, m (g
cm™), is expressed

el + w/oim = M 2)
Iy

where I, I, and Iy are the intensities of the X-ray plus
background from the sample alone, the target alone, and the
sample plus the target, respectively. The values u./p and p/p
are the total mass attenuation coefficients of the sample for
the excitation and the fluorescent radiations, respectively.

Sample Somple Target
+
Target (Cr,Fe,Zn,Pb)
Ig 1./ 1

dure used to

Figure 2. of experi tal p
matrix absorption effects

Scmple

Detector

X-roy Tube
fcm
Scale =i
Figure 3. Scl ic of X-ray fluor ysis system

Integration of the X-ray absorption over the thickness of
the sample yields the absorption correction which is expressed

(ne/p +
PO i i @

1 — g lml/e + wi/odm

If values of (u./p + pg/p)m are experimentally determined
for several X-ray energies and plotted vs. the fluorescence
X-ray energy on a log-log scale, an approximate value for
(ue/p)m can be obtained by extrapolation of the curve to the
excitation radiation energy. By difference, values for (ug/p)m
can be calculated, a curve for (ug/p)m values drawn, and a new
value for (u./p)m established. This procedure can be iterated
several times. Using data from the latter curve, absorption
corrections for all radiations of interest can be calculated from
Equation 3.

EXPERIMENTAL

Equipment and Characteristics. The X-ray system, shown
in Figure 3, was designed by Jaklevic and co-workers. It consists
of a guard-ring detector with pulsed light feedback electronics
and 512-channel pulse-height analyzer. The resolution of the
system, fwhm, is 200 eV at 6.4 keV (Fe Ka X-ray energy) at 8000
counts/s using an 18-us pulse peaking time.

A low power Mo-anode X-ray tube followed by a 0.010-cm Mo
filter was used to provide the Mo K excitation radiation. The
X-ray tube was operated at 45 kV. The regulated X-ray tube
current was adjusted between 50 and 300 pA for each sample to
obtain a count rate of approximately 8000 counts/s. This
eliminated or minimized potential spectral zero level or gain shifts,
which would have produced errors in our peak unfolding routine.

Correction for system dead time, resulting either from pile-up
rejection or analyzer dead time, was made using a gated clock that
measured total system live time. Spectral data were recorded on
magnetic tape. Computations were made using a Control Data
7600 computer. Our program required approximately 50K of core
space.

Preparation of Specimens. The sample cell is illustrated
in Figure 4. The cell is composed of two sections—each consisting
of two rings which snap together to hold a 0.0006-cm thick
polypropylene window. A spacer ring, 0.08-cm thick, is placed
in the bottom section of the cell. Liquid to be analyzed (~0.5
mL) is pipetted into this section, after which the top section is
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Figure 4. Sample cell and target for X-ray absorption measurements

inserted against the spacer ring. Any excess liquid is dispersed
to the perimeter of the spacer ring. Viscous oils require slight
heating prior to pipetting to reduce the viscosity, which usually
permits specimens of uniform mass thickness to be prepared.

In the preparation of self-binding material, 250 to 350 mg of
finely pulverized sample is placed in a die and a 2.5-cm o.d. disk
is pressed at 15000 psi. This sample is then placed in the cell
without the spacer ring for analysis.

For a non-self-binding material such as coal, 200 to 250 mg of
pulverized powder is distributed in the bottom of the cell within
the spacer ring. The top section of the cell is inserted and a disk
is pressed at 2000 psi.

CALIBRATION METHOD

Standardization. Standards for the elements are prepared
by dissolving pure metals or standard weighing forms as
reported elsewhere (9). Portions of these solutions are diluted
to produce element standards in the 100 to 500 ppm range.
The diluted standards are pipetted into the sample cell and
used to calibrate the X-ray system. Attenuation measure-
ments are made on each of the standards to determine matrix
absorption corrections. For each standard a sensitivity factor,
K;, is determined and expressed

e L. (Abeon)i 1 @
Iinoh.  (Abgore)incon.  PPM;
where [; and I}, are the X-ray intensities from the standard
element and the incoherent scattered Mo Ka radiation, re-
spectively; (Aber)i and (Abgyy)imeon are the absorption
corrections for these same radiations; and ppm, is the con-
centration of the standard.

Corrections for Absorption Effects. The degree to which
the specimen attenuates the incident and fluorescent X-rays
in the total specimen thickness is measured experimentally.
Relative X-ray intensity is measured at five X-ray energies,
with and without the specimen, from a target located at a
position adjacent to the back of the specimen, as shown in
Figure 2. The target, shown in Figure 4, is contained in a
holder which seats over and within the sample cell. The
composition of the target and the X-ray energies for which
attenuation measurements are determined are listed in Table
1L

Using data from the attenuation measurements and
Equation 2, values of (./p + p¢/p)m are calculated for the
five X-ray energies listed in Table IL. These values are plotted
vs. fluorescence X-ray energy on a log-log diagram. The value
of (u,/p)m is estimated by extrapolation of the curve to 17.4
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Table II. Target for Absorption Measurements

element
or com- weight, X-ray energy,
pound mg lines keV
Cr 600 Cr Ka 5.41
Fe,0, 1000 Fe Ka 6.40
Zn 200 Zn Ka 8.63
Pb,0, 150 Pb La 10.54
=i — Pb L3 12.61
cellulose 200 s e
T T T
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Figure 5. Spectral background curves for As, Se, Br, and Pb

keV, the energy of the excitation radiation. In turn, values
for (ug/p)m are calculated, a curve for these values is drawn,
and a new value for (,/p)m is ascertained by extrapolation
of this curve to 17.4 keV. This last step is iterated several
times. Finally, three separate curves for (u/p)m values are
plotted between 4.50 and 7.11 keV; 7.12 and 10.54 keV; and
10.55 and 17.4 keV, using (ug/p)m values determined for Cr
Ka and Fe Ka; Zn Ka and Pb La; and Pb La and Pb L8
X-rays, respectively. From these curves, values of (u;/p)m and,
in turn, values of (u./p + p;/p)m are determined for all X-ray
energies in our program. These values are used in Equation
3 to calculate the absorption corrections. The above steps are
shown in the Appendix.

Corrections for Overlapping X-Rays. Our analysis
program uses a fixed ber of ch Is as a e of
X-ray intensity for each element determined. Peak overlap
factors are initially established from X-ray spectra generated
from thin deposits of individual el solutions nebuli
onto Nuclepore polycarbonate filters.

Characteristic X-ray line ratios (e.g., K8/Ka) obtained in
analysis deviate from the ratios ascertained using thin deposits,
since X-ray absorption increases with decreasing X-ray energy.
The deviations in these ratios are determined experimentally
using data from the attenuation measurements for the five
X-ray lines listed in Table II. The following elements and
corresponding X-ray lines are selected for analysis: Ti — Fe,
Ni — Zr (Ka); Co (K8); Hg, Th, U (La); and Pb (Lg).

Spectral Background. Spectral background under each
of the X-ray lines is principally related to incoherent and
coherent scattered excitation radiation intensities. Curves
whlch relate the intensity of the spectral background to the

tensities of both incoherent and coherent scattered Mo Ka
radiation are established from spectra acquired on three
300-mg disks (60 mg/cm?) of varying X-ray mass scattering
cross sections. These disks, prepared from cellulose and sulfur
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Figure 8. X-ray spectrum obtained on NBS SRM 1632 Coal #
powders, are composed of 100% cellulose; 90% cellulose, 10% E\T NB'S S'RMI lGSé
sulfur; and 80% cellulose, 20% sulfur. Figure 5 illustrates |\ CcoAL (~70 mym?
four X-ray line spectral background curves. All spectral so % ﬂ
background curves are expressed by the equation for a straight L\
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where S; is the slope of the spectral background curve for 1.5 \.\Z" Ka
element i and C; is the intercept at I¢,, = 0. r \.Pb La
RESULTS o5t opoLe

To demonstrate the capability of the method, four National
Bureau of Standards trace el t st d reference ma-
terials and a shale oil sample were analyzed. A flowchart
illustrating the steps undertaken to calculate element con-
centrations is listed in the Appendix.

Ten samples (~200 to 250 mg) of SRM 1632 Coal were
pulverized using an agate mortar and pestle. The powders
were distributed within the sample cell spacer ring, and disks
were pressed with both sample cell windows in place. Analysis
periods, live time, were 1000 s for the disks alone and 100 s
for the attenuation measurements. Figure 6 is a spectrum
obtained on the coal.

Curves of (u./p + ug/p)m and (ug/p)m values determined
for one specimen are shown in Figure 7. There is a minor
drop in these curves at 7.11 keV, the Fe K absorption edge
energy, since Fe is a minor constituent (0.8%) and not a trace
element. Table III lists the results determined for 22 elements.
The Ti — Mn values were corrected for overlapping Ba, La,
and Ce L X-rays, using concentration values published by
Ondov et al. (10). Most of the referenced values (10) were
determined by instrumental neutron activation analysis at four
laboratories. All results have been corrected for moisture
content. We have reported results for four elements (Ga, Ge,
Y, and Zr) that are not included in the NBS or referenced
values. NBS values listed in parentheses are not certified.

The XRF values are g lly in good ag with the
NBS and referenced values. The coal was found to be in-
homogeneous with respect to Zn and Pb in that the deviation
in the results was substantially larger than the precision of
the XRF method. The coal has also been reported to be
inhomogeneous for Sb (10). The XRF results for V are quite
likely low. Six spectral lines overlap at 4.95 keV: Ti K8, V
Ka, Fe KB escape peak, Ba L3, La Lg, and Ce La. Using NAA
results (10) for Ba, La, and Ce, the calculated intensity of the
three L X-ray lines is 2.5 times that of V Ka. If the samples

--=(Ke/Peps/p)m A
—(k¢/P)m \
(R 0 B [

g 10 15

Fluorescence rodiation energy
(

Figure 7. Curves of (u,/p + u/p)m and (u,/p)m values determined

kev)

for a NBS SRM 1632 Coal specimen

Table IIL
Coal (ug/g + 20)

ele-

ment XRF
Ti 951 + 53
v 24+ 8
Cr 22+ 8
Mn 39+ 3
Fe 7790 + 360
Co 8.5+ 4.2
Ni 145+ 1.2
Cu 17.7 2 1.6
Zn 35.7+ 9.9
Ga 6.1+ 0.3
Ge 2.9+ 0.2
As 4.7+ 1.0
Se 3.1:0.2
Br 17.5+ 0.3
Rb 20.1+ 0.6
Sr 151+ 4
Y 7.9+ 0.6
Zr 33+ 4
Hg <11

Pb 13.6 ¢ 6.5
Th 2.7+ 0.7
U <2.3

NBS

(800)
35+ 3
20.2+ 0.5
40+ 3
8700 + 300

(6)

15+ 1
18+ 2
37+ 4
5.9+ 0.6
2.9+ 0.3

0.12 + 0.02
30+9
(3.0)
1.4+ 0.1

Elemental Concentrations in NBS SRM 1632

NAA (10)

1040 + 110
36:3
19.7 + 0.9
43+ 4
8400 + 400
5.7+ 0.4
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Table IV. Elemental Concentrations in NBS SRM 1571
Orchard Leaves (ug/g ¢ 20)

element XRF NBS
Ti 18.0+ 8.5 --
v <8 s
Cr <5 2.6+ 0.3
Mn 86.5 + 4.9 914
Fe 274+ 19 300 + 20
Co <6 (0.2)
Ni 1.2+ 0.5 1.3+ 0.2
Cu 115+ 1.0 12+ 1
Zn 25.3+ 2.1 25+ 3
Ga <0.5 (0.08)
Ge <0.4 ==
As 10.1: 0.8 10+ 2
Se <0.3 0.08 + 0.01
Br 9.0+ 0.5 (10)
Rb 11.5 ¢ 0.6 19+1
Sr 36.3: 1.3 (37)
Y <1 o
Zr <3 e
Hg <1 0.155 + 0.015
Pb 40.7 + 3.0 45+ 3
Th <1 =
U <2 0.029 + 0.005

Table V. Elemental Concentrations in NBS SRM 1577
Bovine Liver (ug/g + 20)

element XRF NBS
Ti <11 --
\'4 <6 --
Cr <4 --
Mn 9.4+ 1.1 10.3+ 1.0
Fe 267+ 5 270+ 20
Co <6 (0.18)
Ni <0.8 --
Cu 192+ 4 193 + 10
Zn 134+ 2 130+ 10
Ga <0.5 -
Ge <0.4 ==
As <0.3 (0.055)
Se 1.1 +0./2 112 0.1
Br 8.8+ 0.4 =
Rb 18.4+ 0.4 18.3 + 1.0
Sr <1 (0.14)
Y <1 e
Zr <3 ——
Hg <0.8 0.016 + 0.002
Pb <1 0.34 + 0.08
Th <1 ==
U <2 (0.0008)

are not ground sufficiently fine to eliminate particle size effects
(11), an overcorrection for the L X-ray lines would be cal-
culated and, in turn, a low result determined for V. However,
our Pb result suggests that the certified value is in error for
the batch of coal we purchased from NBS. Our Pb result has
been substantiated by another analytical technique, Zeeman
atomic absorption spectrometry (12).

Ten samples (~250 to 350 mg) of both SRM 1571 Orchard
Leaves and SRM 1577 Bovine Liver were pressed into 2.5-cm
o.d. disks and analyzed. Table IV and V list the results. In
both cases, the XRF values are in excellent agreement with
the certified values.

Twelve samples (~0.5 mL) of SRM 1634 Fuel Oil were
analyzed using 400-s countmg periods for the oil specimens,
and 40 s for the at ion ts. The XRF results,
listed in Table VI, are low for V and Ni. The oil was found
to contain 11.5% hydrogen and 85.7% carbon by combustion
analysis. Thus, the incoherent mass scattering coefficient of
this oil is most likely about 4% higher than that of water or
a pure hydrocarbon with a 1:1 hydrogen to carbon atomic
weight ratio as shown in Table I. Even if an adjustment was

Table VI. Elemental Concentrations in NBS SRM 1634
Fuel Oil (ug/g + 20)

element XRF NBS
v 283+ 12 320+ 15
Cr <6 (0.09)
Mn <3 (0.12)
Fe 140+ 1.5 135+ 1.0
Ni 32.0: 1.6 36+ 4
Cu <0.8 =i
Zn <0.6 0.23 = 0.05
As <0.4 (0.095)
Pb <15 0.041 + 0.005

Table VII. Comparison of XRF and NAA Elemental
Results for Shale Oil, S-09 (ug/g + 20)

element XRF NAA
Fe 40.3+ 2.0 38+ 3
Ni 4.5+ 0.6 4.2+ 0.2
Cu 49+ 0.6 4.6+ 1.8
Zn 3.3+ 0.3 2.4+ 0.4
As 18.2+ 1.0 18.2+ 1.0
Se 0.8+ 0.3 0.7: 0.1

Chart I
FLOW CHART FOR ANALYSIS PROGRAM

CALC. ABSORP. CORRECTIONS I'. - ls
USING DATA FROM ATTENUATION (1g/o * ugloln = ——=
HEASUREMENTS £ I

1L

PLOT (v!/ﬁ . u,/n)l VALUES

ON A LOG-LOS DIAGRAM V¥S.
FLUCRESCENCE X-RAY ENERGY

——

ESTIMATE VALUE OF (vtlu)-
BY EXTRAPOLATION OF CUKVE TO
EXCITATION RADIATION ENERGY
ITERATION l

CALC. VALUES OF (ug/o)m FOR

FIVE X-RAY ENERGIES AND PLOT
VS. FLUORESCENCE X-RAY ENERGY

—

PLOT THREE SEPARATE CURVES
FOR ('_'Ip)l VALUES BETWEEN

PRESELECTED X-RAY ENERGIES

1

UaIKG DATA FROM WRVES AND
Q. . FOR

CALC. SPECTRAL BKG. fDR
EACH X-RAY LINE, EQ. 3 CALC. ABSORP
ALL X-RAY EKERGIES OF l!ﬂ'

CORRECT FOR PEAK OVERLAPS
INCLUDING USE OF ABSORP.
CORR. RATIOS (e.g. Ks/Ka)

CALC. ELEVENT CONCENTRATIONS,
£Q. ¢

made for this difference, the XRF result for V would still be
low. The low V result can be attributed to the preparation
of specimens of non-uniform mass thickness due to the rel-
atively high viscosity of the oil. With non-uniform specimens,
absorption corrections determined are smaller than expected.
This discrepancy becomes larger at lower X-ray energies.
Table VII lists the results for a shale oil sample. Five
determinations were made by XRF and two by NAA (neutron
activation analysis). The NAA results were obtained by Jon
Fruchter, Battelle Pacific Northwest Laboratories. Again, very
good ag t has been acheived by these two instrumental
analytlcal techniques.
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APPENDIX

Chart I, a flow chart illustrating the steps undertaken to
determine element concentrations is shown on page 515. For
each sample, two spectra are acquired, one for the sample
alone, and one with a target located at the back of the sample.
Additionally, once each day, a spectrum is acquired on the
target only. Using data from the above spectra, matrix ab-
sorption corrections are established for all X-ray energies of
interest. These corrections are applied to the unfolding of
peak overlaps, as well as to compensate for matrix absorption
for the individual element determinations. The incoherent
scattered radiation intensity, corrected for matrix absorption,
serves as the internal standard.
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Comparison of Different Plasma Excitation and Calibration
Methods in the Analysis of Geological Materials by Optical

Emission Spectrometry

Jan-Ola Burman and Kurt Bostrom*
Geology. U

Depa of

A comparative study has been made of different dissolution
and callbration methods for analyses by optical emission
spectrometry (OES) utilizing inductively coupled plasma (ICP)
and capacitively led microwave pl. (MWP) as ex-

ity of Lule&, S-951 87 Luled, Sweden

have found that MWP excitation can be used with success
for routine rock analysis. The method is based on fusing the
sample with Li;BO; and H;BO; and an addition of a large
amount of ionization buffer, Sr(NOj;),. At our laboratory we
have successfully used this method, but with a simplified

Hath The test sub were geolog
rocks, in which SIiO,, Al,0,, TIO,, Fe,0,, MnO, MgO, CaO,
Na,0, Ba, and some traces were determined. The resulis
show that analyses by MWP-OES are severely disturbed by
matrix effects; only In the presence of large quantities of
lonization butfers e.g., [Sr(NO,),] can MWP-OES yield rock
analyses of very good quality. No buffers are needed for
analyses by ICP-OES, for which the matrix effects are re-
markably low. ICP-OES may suffer from annoying nebulizer
disturbances when concentrated solutions are used but, with
properly diluted solutions, all major and many trace elements
can routinely be analyzed in 50-mg rock samples. MWP-OES
on the other hand Is poorly sulted for trace element deter-
minations.

Analysis by optical emission spectrometry (OES) has been
used for a long time, in spite of the difficulties with arc and
spark excitation. The development of plasma sources such
as microwave plasma (MWP) and inductively coupled plasma
(ICP) has made it even more advantageous to use OES in
many applications (1-4). Furthermore, Govindaraju et al. (5)

fusing step to get a faster preparation procedure (6). The ICP
technique has also been used extensively for the analysis of
geological samples: Scott et al. (7), Burman et al. (8, 9).

Larson et al. (10) showed that MWP sources are strongly
influenced by high concentrations of easily ionized elements
like Na, whereas their study of the Na effect on Mn, Cr, Zn,
and Ca demonstrated that ICP-OES can tolerate such matrix
fluctuations much better. Comparisons between MWP and
ICP have also been made by Boumans et al. (11), who found
ICP to be far more advantageous than MWP as an excitation
source.

A problem with ICP-OES is that the nebulizer function is
disturbed by concentrated solutions, an effect that is much
less prominent with MWP-OES. It could therefore be of
interest to study whether the MWP-OES method could be
used for trace element analyses, since a concentrated solution
by definition also must be richer in traces than a diluted one.

In a preliminary study, matrix effects for Al and Ba in
MWP-OES were investigated (9). The results were dis-
couraging but pointed to the importance of examining the
matrix effects on other main components in rocks, namely
Si0,, Fe;, 05, MgO, Ca0, MnO, Na,0, and TiO,. These nine
elements have been examined by MWP and ICP excitation,

0003-2700/79/0351-0516$01.00/0 © 1979 American Chemical Society
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Table I. Spect ter Perf

for ARL 33000 CA

spectrometer: sequence reading; Paschen-Runge
mounting; Rowland circle diameter, 1 m

grating: 1440 lines/mm

spectral range: 2560-6100 A

dispersion: 7 A/mm

entrance slit: 50 um

exit slit: 75 um for all elements but Fe 50 um
and Na 100 yum

Table II. Spectrometer Performance for ARL 35000
Quantoscan Monochromator

spectrometer: single chanel instrument; Czerny-Turner
mounting. Two mirrors with 1-m focal length; two
interchangable gratings

grating (1): 2160 lines/mm

spectral range (1): 1700-4600 A

dispersion (1): 4 A/mm

grating (2): 1200 A/mm

spectral range (2): 1900-8000 A

dispersion: 8 A/mm

entrance slit: 20 um

exit slit: 60 um

Table III.  Plasma Parameters for Capacitively Coupled
Microwave Plasma

source: ARL capacitively coupled microwave plasma,
manufactured by European ARL, and magnetron
made by Philips

power: approx. 600 W

frequency: 2450 MHz

anode current: 200 mA

gas flow rate: 3 L/min N,

sample uptake rate: 1.2 mL/min

electrode material: Ag

Nebulizer system: ARL-design. All plastic pneumatic
nebulizer. Plastic spray chamber length 70 mm and
diameter 32 mm

observation height: 10 mm above electrode

the measurements being made in four matrix types. Some
trace element applications will also be discussed.

EXPERIMENTAL

Instrument Routines. The spectrometers are described in
Tables 1 and II. The operational conditions for the plasma sources
are described in Tables 11l and IV. In an early arrangement, the
MWP unit was mounted on the nonscanning sequential reading
ARL 33000 CA and the ICP unit on the scanning monochromator
ARL 35000 Quantoscan, but subsequently both spectrometers
were placed on the optical axis on each side of the ICP. All the
MWP readings as well as the ICP readings for Si, Na, and Ba were
performed with the ARL 33000 CA. The remaining ICP mea-
surements for Fe, Mg, Ca, Al, Ti, and Ba were made with ARL
35000 Quantoscan, grating 1, (Table I1). All the trace element
measurements were made with ARL 23000 CA. The spectral lines
used are given in Table V.

Each measurement involved a single 10-s integration period
after a pre-flush of 60 s. Evaluation of measurements, curve fitting
and plotting, and calculation of regression coefficient, standard
error of estimate, and standard error of the coefficients in the
calibration equation were made on a Hewlett-Packard 9825A desk
computer, (24 kbytes) with a printer/plotter HP 9871A.

Major Elements. A series of test solutions were made as follows:

(1) Metal salt solution, diluted with 2% (v/v) HNO,.

(2) Metal salt solution, prepared as under 1 but with 350 mg
LiBO, added, diluted to 100 mL.

(3) Standard rock, 50 mg (12, 13) is dissolved in HF/HCIO,
and finally diluted to 100 mL with 2% (v/v) HNO; (14).

(4) Standard rock, 50 mg, is fused with 350 mg LiBO, and finally
diluted to 100 mL with 2% (v/v) HNOj (6, 7).

The acids used were of analytical reagent grade and the
metaborate was reagent grade, Merck 12228.

The synthetic solutions were made from Merck Titrisol am-
pules; for silica also, British Drug House (BDH) solutions were

Table IV. Plasma Parameters for
Inductively Coupled Plasma

source: ARL inductively pled pl ;RF g t
model Henry Radio Inc., 3 kW

forward power: 1200 W

reflected power: <10 W

Ar cooling gas flow: 10 L/min

Ar plasma gas flow: 0.8 L/min

Ar central gas flow: 1.0 L/min

sample uptake rate: 0.8 mL/min
buli tornc J. B M

Tops oy

d ic glass

y : JLE.
nebulizer, type T-200-A4

spray chamber of glass barrel type

observation height: Zn, 14 mm; Ba, Mg, Si, Sr, and Zr, 18
mm; Cr and Ni, 22 mm; Al, Ca, Co, Cu, Fe, Na, Mn, Ti,
and V, 26 mm

Table V. Spectral Lines Used for MWP and ICP

1 t length, A% el t length, A®
Si 2516.1x 2 I Co  3474.0 1
Al 3961.5 I Cr 42543 I
Fe 3719.9 I Cu  3247.5 1
Mg 2795.5 II Ni 3414.7 I
Ca 4226.7 I Sr 4077.7 I
Na 5889.9 I W 4379.2 I
Mn  4030.7 I Zn 21386x2 I
Ti 3635.4 1 Zr 3438.2 I
Ba 4554.0 1

4 [ = Atom emission line. II = lon emission line.

used. The synthetic metal solutions were diluted to the same
general concentration ranges as those in the rock solutions of series
3 and 4.

Trace Elements. A trace element study was performed by
reading Co, Cr, Cu, Ni, Sr, V, Zn, and Zr in HF /HCIO, dissolved
standard rocks; 1 g/100 mL was used for ICP and 2 g/100 mL
for MWP measurements.

RESULTS AND DISCUSSION

In our early plasma OES analyses, we used Govindaraju’s
(5) MWP method, which involves the use of Sr(NOj), as
ionization buffer. However, we quickly discovered difficulties
with this buffer. For same elements, e.g., Mn, there was a
contamination from the buffer, which obviously is a nuisance
in trace element analysis. The intensive Sr emission lines
furthermore produce line broadenings which cause annoying
background shift, particularly in trace element analysis.
Investigations were also made eliminating the Sr buffer and
with only LiBO, as flux. Govindaraju (5) reported that some
elements like Fe, Mn, and Ti were unaffected by Sr, but that
Si and Al needed buffering. In standard rock samples with
38-76% Si0,, the standard error for SiO, increases by a factor
of 3 when the Sr buffer is excluded. These results confirmed
reported advantages with Sr buffering in MWP analysis.

We also observed early that many detection limits with
MWP excitation were too poor to give satisfactory trace el-
ement data for rocks and sediments in contrast to the ICP
unit; this source has detection limits that in most cases studied
are lower, see Table VII.

Matrix effects in MWP and ICP sources were investigated,
using the four types of test solutions without Sr buffer de-
scribed above.

‘The aim of the investigation is to establish an accurate and
simple routine method for plasma OES. The selected con-
centration ranges for the main elements are typical for those
obtained in routine determinations in rock, sediment, slag,
and coal ash samples.

We wanted to have the following questions answered:

(i) What are the differences between calibration with
synthetic solutions and standard reference samples?
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(i) Is it important to match calibration solutions and
unknown samples with regard to amount of flux?

(iii) In what way do the excitation characteristics between
MWP and ICP differ? Are there different answers to (i) and
(ii) due to the excitation source?

Instrumental Drift. The MWP unit has persistently
shown a considerable random drift, which was particularly
annoying for SiO,. The effect of the drift can be minimized
by reading only a few samples between each recalibration.
During this study, we also noticed drift in the ICP unit, caused
by high flux content. Thus, the high metaborate concentration
led to nebulizer clogging after 15-20 min. All ICP mea-
surements that involved LiBO, were therefore done as single
element determinations since this procedure minimized the
clogging by keeping each measuring cycle as short as possible.
A change in the sample to flux ratio from 1:7 (this study) to
1:1 eliminates clogging; these results are reported elsewhere

).

The drift is illustrated in Figure 1. All readings are made
over a period of 40 min. Measurement with a lamp placed
in the spectrometer housing to simulate the light emi
from a source, gave a relative standard deviation of 0.2%,
representing the deviations in the readout electronics.
Standard rock DR-N, 52.8% Si0,, was used to compare the
drift between MWP and ICP sources for samples dissolved
in accordance to presently used routine methods. MWP
(sample to flux 1:7) and ICP (sample to flux 1:1) gave 8.5%
and 1.0%, respectively, in relative standard deviation. No
in-depth study of the reasons for the serious MWP drift was
performed before the use of the MWP source was stopped,
but some possible explanations can be offered. Thus, although
the MWP nebulizer can tolerate a much higher salt load than
the ICP nebulizer, it is plausible that high Sr and flux
concentrations cause drift. When high salt concentrations are
nebulized in the MWP, a salt layer is built up under the silver
electrode, a deposit that probably changes the gas flow through
the holes in the electrode. We also observed that this salt
coating occasionally broke loose and fell down from the
electrode; it appears likely that such events explain the in-
tensity revitalizations that can be observed in Figure 1.

Matrix Effects. The results for all the nine major elements
are summarized in Table VI. The variation of slope of the
calibration curves is used as a criterion for degree of matrix
effects. For each element, the slope for series 1, 2, 3, and 4
is respectively divided by the slope for series 1, thereby giving
a sensitivity ratio for different matrices. The results of the
matrix effect study are also presented graphically for two
major, Al and Fe, and two minor elements, Mn and Ba, in
Figures 2-5. The four different calibration series are plotted

™ iFe

02 ¢ & 8 10 Wkt

'Figure 2. Fe excitation in four matrices by MWP and ICP. All the

concentration axes are double-marked. One axis indicate the con-
centration in Mg/L in the solution and the other represencts concentration
in % in the solid rock. A = series 1, ® = series 2, @ = series 3,
¥ = series 4, as defined in Experimental
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Figure 3. Al excitation in four matrices by MWP and ICP. See Figure
2 for conditions

600——— =

Aterat,

Figure 4. Mn excitation in four matrices by MWP and ICP. See Figure
2 for conditions

together to facilitate direct comparison between MWP and
ICP for the same element.

It is immediately clear the MWP readings scatter much
more than the ICP data, and that a given MWP intensity
corresponds to a highly varying concentration due to influence
from matrix. ICP excitation is superior because of the relative
freedom from matrix effects.

Comments for Each Element. Fe. The matrix effects
on Fe are small for both MWP and ICP excitation. The MWP
results are the best obtained for any of the elements exam-
inated in this study. Figure 2 shows that the matrix effects
for ICP are almost non-existent.

Al. The synthetic solutions containing Li and the fused
rocks give almost the same sensitivity in the MWP case, but
the Li-free samples differ a great deal in sensitivity. This
indicates that the geological matrix increases the sensitivity
for Al. This is also the case for Mn, Mg, Na, and Ba. The
spread of the points around the calibration curve for series
3 is reproducible. One point which by MWP-OES falls off
the calibration line (see Figure 3) is placed exactly on the
calibration line when the same solution is read with the ICP
unit. The reason for this anomalous behavior in MWP-OES
is not understood.

Mn. The background shift observed in Figure 4 was caused
by Mn contamination from the flux. If the curves are cor-
rected for this shift, there is no matrix effect on Mn in the
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Table VI. Sensitivity Variations in Four Different
Matrixes; Comparing MWP and ICP Excitations

MWP

element S1/S1¢ S§2/S1 S3/81 S4/81
Fe 1 1.2 1.2 1.2
Al 1 5.2 2.4 4.9
Mn 1 3.2 1.8 2.4
Ba 1 32 2.3 17
Ca 1 4.6 1.0 2.4
Si 1 0.1 - 0.5
Ti 1 3.4 1.1 2.9
Na 1 2.1 1.7 3.5
Mg 1 1.7 3.0 1.5

1cp

clement S1/S1 §2/s1 S3/81 S4/81
Fe 1 1.0 1.1 1.0
Al 1 0.9 0.9 1.0
Mn 1 1.0 0.9 0.9
Ba 1 1.0 0.9 0.9
Ca 1 1.3 1.0 1.1
Si 1 0.8 - 1.0
A 1 1.0 1.0 1.0
Na 1 1.1 1.4 2.4
Mg 1 0.9 1.1 1.0

@ Sn = slope for calibration curve of series n. The ratio
between the slopes for series n and series 1 gives informa-
tion about relative sensitivity changes depending on ma-
trix. Series 1, which is in the denominator, contains only
metal salt and acid, as defined in the text.

3 o
801 Z

o 02 04 DAE C‘s meg/i B3
* 0 o 00 o % Ba
Figure 5. Ba excitation in four matrices by MWP and ICP. See Figure

2 for conditions
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ICP case, whereas MWP-OES is strongly affected by matrix.
These MWP results contradict those by Govindaraju (5)
although we have used the same emission line. He reported
that there was no matrix effect on Mn.

Ba. The differences between MWP and ICP are very
striking for Ba, see Figure 5. The ICP curves converge to
one single line, whereas the effects of the matrix changes are
enormous by MWP-OES. There is also a background shift
caused by matrix changes in the MWP. This is not a con-
tamination shift, since it is absent in the ICP.

Ca. The maximum concentration of Ca was 50 mg/L. The
self-absorption is more apparent in MWP than in ICP, as well
as the other matrix effects. MWP sensitivity for Ca is the
same in synthetic calibration solutions without Li as in acid
dissolved rocks. This is observed only for Ca, Ti, and Fe.

Si. The two standard solutions for Si (Merck and British
Drug House) have been manufactured by different fusion
methods, resulting in high and differing Na concentrations
in the final standard solution. The test solutions in series 1
were made from these two standard solutions. Because of their
varying Na content, the slope differed by a factor of two when
these test solutions were studied by MWP-OES, the higher
intensities being observed in the Na-richer system. ICP-OES

Table VII. Standard Error for MWP and ICP Readings of
Trace Elements in Standard Rocks

conen
MWP, ICcp, range in
Sy-x, Sy-x, solid rock,
element % % ppm
Co 7€ 25 0-110
Cr 7 9 0-2250
Cu 31 28 0-70
Ni 5 7 0-2000
Sr 32 4 0-1350
v 120 12 0-240
Zn 33 11 0-160
Zr 78 50 0-240

tolerated these matrix fluctuations much better. No silica
measurements were made in series 3, because Si was evap-
orated by the HF/HCIO, treatment.

Boumans et al. (1) found that the addition of Li increased
the sensitivity of many elements in MWP-OES. This is in
good agreement with our results except for Si, where Li
additions yield considerable sensitivity drops, see Table V1.
Si is the only element for which we have noticed such a
detrimental Li effect. It should be noted, however, that Sr
buffers have an opposite effect on the Si sensitivity in
MWP-OES; this is the main reason why MWP-OES has
yielded very good Si analyses (5, 6).

Ti. Ti has also been reported (5) to be free from matrix
effects in MWP-OES. Our results are different, see Table VL.
ICP was not affected by matrix changes. Ti contamination
from the flux was observed.

Na. This is the only element which was distinctly influ-
enced by matrix changes in ICP-OES, but even then the
results were better than those by MWP-OES.

Mpg. Mg offers an exception in the MWP characteristics.
This is the only case where a Li-free standard rock matrix gave
greater sensitivity than the corresponding Li matrix. The
changes in ICP sensitivity are negligible.

Trace Elements. The measured MWP and ICP trace
elements intensities were plotted against the recommended
concentrations for the standard rocks (12, 13). The spread
around the calibration curve in terms of standard error, Sy-x,
were almost the same for Cu, Cr, and Ni, independent of
excitation source. The other trace elements, Co, Sr, V, Zn,
and Zr, showed a drastic increase in Sy-x for MWP compared
to ICP, see Table VII.

All errors due to uncertainty in rec
values, incomplete dissolution, matrix effects, and instru-
mental drift are included in the standard error. The mineral
zircon is not completely dissolved by a HF/HCIO, procedure.
Dissolution difficulties was the reason for high Sy-x values
for both MWP and ICP. The chromite (Cr) case is analogous.
This trace element study shows that the geological matrix itself
causes severe effects on the trace element determinations when
MWP excitation is used.

CONCLUSIONS

MWP. Analyses by MWP-OES require a careful match
of samples and calibration solutions to get satisfactory results.
In addition to equal amounts of flux, a large amount of
ionization buffer is also needed, e.g., Sr(NO3),. It is essential
that calibrations be done with standard rocks since the matrix
effect of the rock itself may influence the MWP excitation.
Trace element analysis can be difficult because many trace
elements are still poorly determined in standard rocks. The
only way is to calibrate with synthetic standard solutions
which in turn are difficult to make properly matched to real
samples. It is furthermore impossible to analyze samples
which are acid dissolved using calibration solutions from
fusions and vice versa.

ded

ration
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Nevertheless, we have analyzed a few hundred samples
(sediments and rocks) in parallel by MWP-OES and ICP-OES.
The results are in good agreement, except for Ba. It is indeed
possible to make good routine analysis of geological samples
with MWP if all the special demands on the sample prepa-
ration are fulfilled, including the addition of buffers (3, 6).
However, these tricky preparation procedures make MWP-
OES a highly awkward analytical method. The fact that the
MWP nebulizer can stand higher salt concentration than the
ICP nebulizer nevertheless makes it potentially a very in-
teresting source, since nebulizer malfunction is a common
source of disturbance in routine analysis.

In many cases it is possible to detect matrix changes from
the form and size of the plasma. As the plasma changes, it
is obvious that a fixed optical axis through the plasma will
observe regions with different energies and thus also different
excitation conditions.

ICP-OES, The freedom from matrix effects makes it very
easy to prepare both samples and calibration solutions for
ICP-OES. Even if different dissolution methods are mixed,
n. is still possible to make accurate analysis, but the con-

inations from r ts can cause trouble if the same
amounts of reagents are not used in all samples. The plasma
unit itself can generally tolerate very large matrix changes.
This led us to recommend that the samples and, if possible,
the standard rocks should be uniformly prepared to minimize
the effect of contamination due to reagents. There are no
difficulties in making synthetic calibration solutions for trace
element analysis since the absence of the main elements of
a geological matrix in the calibration solutions causes no
problems. This makes it easy to prepare calibration solutions
for the analysis of trace elements that lack certified values.

The nebulizer and sample transportation can cause several
disturbances, but these are not true matrix effects in the
plasma. To avoid clogging of the nebulizer, we now use a new

preparation method, in which the sample to flux ratio is 1:1.
‘The most critical part in an ICP system is the nebulizer unit,
which needs further development. This is of importance for
making a good routine analysis system better. The very low
detection limits as well as the extended dynamic concentration
range makes ICP-OES an ever more superior analytical
method than MWP-OES.
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Determination of Microgram Quantities of Asbestos by X-Ray
Diffraction: Chrysotile in Thin Dust Layers of Matrix Material

B. A. Lange* and J. C. Haarlz
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Safety and Health, 4676 Columbia Parkway, Cincinnati, Ohio 45226

A method has been developed for the determination of mi-
crogram quantities of chrysotile (serpentine asbestos) which
Is precise, accurate, and rapid. The method utilizes X-ray
diffraction techniques and has the capabliity of measuring
nlaowunmm:o!enhermdwysomoormalq\mmmes
of chrysotile (typically 1-10% by welght) in the presence of
large of matrix lal. Detection limits as low as
2 pg/cm? (on a filter) are cited. In developing this method,
phase analysis procedures, methods of sample preparation,
and a technique for X-ray absorption corrections were
evaluated.

The detrimental health effects of airborne asbestos particles,
notably asbestosis, lung cancer, and mesothelioma (1-3), have

Insti for O

necessitated the development of analytical techniques that
can be used to monitor personal exposures to asbestos fibers.
To date, the primary method of asbestos analysis has been
fiber counting using optical or electron microscopy, but as-
sociated with this method is considerable variability in the
measurement of asbestos concentration both within and
among laboratories (4-9). Representative of this variability
is data on analyses of ambient air samples (4) which show that
differences between laboratories may be as high as two orders
of magnitude. Along the same line, appreciable errors also
occur in counting fibers collected in occupational environments
(4, 6, 7). This variability is a natural consequence of factors
inherent in the counting procedure, i.e., microscope quality,
mounting procedure, and the necessity for interpretation by
the analyst. While the present U.S. standard is still in terms
of fibers per unit volume, the severe analytical problems posed

This article not subject to U.S. Copyright. Published 1979 by the American Chemical Society



Table I. Measurement Parameters

ana- step
lytical® incre- time per
peak(s), scan range, ment, step
component  ° 20 ° 20 ° 20 incr.,s

chryso- 12.08 10.58-13.58 0.02 10

tile 24.38  22.88-25.88 0.02 10
silver 38.03  37.03-39.03 0.02 0.5
a-quartz  26.66  26.41-26.91 0.01 0.6
tale 9.32 7.82-10.82 0.02 2

¢ Cu Ka radiation (1.54178 A).

by the counting method have provided impetus for developing
an accurate, precise, rapid, and automated method capable
of analyzing microgram quantities of airborne respirable dust.
Precedence for measuring asbestos in terms of mass rather
than number of fibers has been set in the adoption by West
Germany of a mass standard (0.15 mg/m?) for airborne
chrysotile (10). The British New Asbestos Regulations,
adopted in May 1970, limited chrysotile exposure to 0.1 mg/m®
or 2 fibers/cm? (10).

X-ray diffraction (XRD) was deemed the method most
feasible for analyzing minute quantities of chrysotile and, while
a number of other investigations have been made concerning
the quantitative measurement of chrysotile by XRD, the
quantities examined were generally in the milligram rather
than microgram range. Working in a range of 1-10 mg, Crable
et al. (11-13) clearly demonstrated the viability of XRD for
the quantitative measurement of asbestos. Goodhead (14)
used film techniques for determining percent chrysotile in a
silicon matrix, and Rickards (15) cited 10 ug as the detection
limit for chrysotile by XRD and postulated that 50-100 ug
could be measured in the presence of an interference.

In the process of developing an effective method a number
of factors had to be examined and evaluated. Of pivotal
importance were the following: (1) the effects of the ultrasonic
treatment used in sample preparation on X-ray response and
particle size, (2) the cogency of the various phase analysis
methods, (3) corrections for X-ray absorption by the analyte
and any co-existent matrix, (4) techniques for preparing thin
layers of dust on filters, (5) an evaluation of analytical bias
resulting from ashing of the collection filter followed by
redeposition of the analyte and (6) the detection limit and
analytical parameters associated with the method. Each of
these areas was thoroughly examined or developed so that,
based upon the results obtained from this study, a well-
documented statement can now be made about the feasibility
of XRD for chrysotile analysis. Of equal importance is the
fact that the fundamentals developed during the course of this
work can now be extended to other serpentine and amphibole
minerals, both pure and in interfering matrices.

EXPERIMENTAL

Apparatus. A Philips APD-3500 automated powder dif-
fractometer was used with a Philips XRG-3000 X-ray generator
and a scintillation counter. Small integrated peak areas were
reliably measured through the use of a step scanning mode. Silver
membrane filters were used as a support for the samples and, in
conjunction with a pulse height selector and a focusing graphite
monochromator, were used to reduce background. All mea-
surements were obtained using a Philips long fine focus copper
X-ray tube run at a power level of 1400 W. The instrumental
configuration employed in this study included a 1° receiving slit
and a 20 compensating divergence slit. The positions (20) of the
analytical peaks for the various analytes examined along with the
associated scan ranges, step increments and count times per step
increment are summarized in Table 1.

Reagents. Chrysotile, obtained from Union Carbide was
designated as Calidria asbestos, high purity open. Talc was
obtained from the Sierra Talc and Chemical Company, a division
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of Cyprus Mines Corporation. Silver membrane filters (Selas
Flotronics), Millipore AA filters, and Gelman DM-450 filters were
used at various stages in this study. Dispersions were produced
using reagent grade isopropyl alcohol (Fisher).

Grinding, Sieving, and Particle Sizing. Chrysotile (0.8 g)
was placed in a freezer mill (SPEX, Inc.), cooled to liquid nitrogen
temperature and ground for 7 min at a grinding rate of ca. 5
impacts per second. Because dry grinding may lead to some
decomposition of the chrysotile, the grinding rate and grinding
time were kept to a minimum. The ground material was wet
sieved through a 10 + 2 um sieve following the generai method
of Kupel (16). The talc was dry sieved as received through a 10-um
sieve using an Allen-Bradley Sonic Sifter. All particle size de-
terminations were performed with an RCA-EM3H transmission
electron microscope.

Preparation of S A weighed t of the sieved
chrysotile or talc was placed in 50 mL of isopropyl alcohol and
the mixture subjected to an ultrasonic cell disruptor (Ultrasonics,
Inc., Model W140) at an output power level of 5 W until a stable
suspension was obtained. The resulting suspension was diluted
to 1 L with isopropyl alcohol in a standard volumetric flask to
give the desired final concentration. To prepare suspensions
containing both talc and chrysotile, separate dispersions of the
two minerals were first generated in the manner given above, then
combined. The final rations of chrysotile ranged from
5-10 pg/mL while the talc ranged from 100-1000 ug/mL.

Deposition of Thin Dust Layers on Silver Filters. Two
pore sizes of silver membrane filters were used in this study, 0.45
and 0.80 um. The former was used to maximize sensitivity (see
Table II) and the latter for those large depositions that would
clog the 0.45-um membranes. Two techniques were used in
preparing thin dust layers on the silver filters. In the first, pipetted
aliquots of the suspensions were filtered through silver membrane
filters following a carefully developed procedure as follows: prior
to removal of an aliquot, the suspension was first stirred for 1
min with a magnetic stirrer, then vigorously hand shaken, stirred
a second time for 1 min and finally hand shaken again. The
aliquot was withdrawn immediately after the second agitation
during which time the dispersion was not stirred. A positioning
collar placed on the pipet ensured that each aliquot was taken
from the center of the dispersion. Three milliliters of isopropyl
alcohol were then placed in the reservoir of a 2.5-cm Gelman
vacuum funnel prior to the addition of the aliquot. After delivery,
the pipet was rinsed into the reservoir and the mixture rapidly
filtered. The sides of the reservoir were not rinsed after filtration.
Two types of pipets were used in this method, a class A transfer
pipet and a class A transfer pipet with the capillary tip removed
(recalibrated).

In the second method of dust layer preparation, the required
amount of material was weighed out, dispersed in isopropyl alcohol
and subsequently filtered through a silver membrane filter. This
method was designed to avoid the use of a pipet.

In both methods, the suspensions were filtered using the
Gelman vacuum filter funnel giving an effective area of deposition
of 3.46 cm? a rectangular area 1.41 cm X 1.59 cm (2.24 cm?) is
actually irradiated by the X-ray beam.

Filter Ashing. The Millipore AA or Gelman DM-450 filters
(with deposited talc and chrysotile) were ashed in an International
Plasma Corporation low temperature asher for 4 h at a radio
frequency (RF) power level of 100 W with an oxygen flow of 70
cm?®/min.

THEORY

Corrections for X-ray Absorption. If absolute amounts
of analyte are to be quantitatively measured, then corrections
for X-ray absorption by the analyte and by any surrounding
matrix must be made; i.e., the measured intensity I, must be
multiplied by a correction factor I' to give the corrected
intensity I,

I.=TI, (1)
For samples of less than “infinite thickness™ (17), Williams
(18) devised a method whereby the absorption coefficient of

a powder could be determined at the same time as analytical
intensities were being measured. This was accomplished by
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mounting the powder on the surface of a metal and measuring
the attenuation of the X-ray beam from the metal after it had
passed through the powder. Williams went on to successfully
use this method for determining quartz in various ceramics
(18). Along similar lines Lercux (19, 20) derived an equation
for evaluating the above correction factor based on the amount
of attentuation observed for the intensity of a diffraction peak
from an underlying silver filter. This correction factor is
expressed as follows:

_ -RInT,

(2)
1-TR
where R = sin 0,,/sin 0x (X represents analyte) and T, =
Ipg/1ag Where I, and 1,0 represent the intensities of the
attenuated and unattenuated silver peaks, respectively.
Combining Equations 1 and 2
-RInT, .
L=l 7% TR (3)

By plotting intensity as a function of weight for standards
prepared from pure analyte (negligible absorption effects when
less than 200 ug/filter), a calibration curve is generated from
which slope (m,) and intercept (b,) may be calculated.
Substituting these parameters into Equation 3 gives a general
expression for the corrected, absolute weight of analyte (X,).

1

X, = nT‘,(I" = b,) (4)
Calculation of Detection Limits as a Function of the
Amount and Nature of a Matrix. Using some of the
equations established above, an expression has been derived
by this laboratory for use in calculating detection limits for
an analyte at any specified concentration in various matrices.
The theoretical ratio of the intensities of a silver reflection
from a filter with and without the thin layer of sample is given

(21) by the equation

~2u,*tp

sin Oy,

To = Ipg/ 16" = exp (5)

where ¢t = sample thickness (cm), p = bulk density of the
sample (g/cm?), and
u* = Zfi* (6)
(f and p;* are the weight fraction and mass absorption
coefficient of the ith component).
Since t = X/Afp where X = weight of pure analyte (g), A

= area of deposition (cm?), and f = weight fraction of pure
analyte, then

-2Xp*

Tn = expm (7)

Defining the lower limit of detection (LLD) as the amount
of material required to produce a measured intensity equal
to three times the standard deviation of the background
intensity (22, 23), then at the LLD

mX + b,
~——
Substituting Equations 2 and 7 into 8 yields the expression
1 - [exp(-2Xp,*/Af sin O,)]R
—R(-2Xp*/ Af sin 0,,)

I =1I,=1/T = (8)

3s = (Xm, + b,) 9)

By determining a 3s level from background measurements and
by specifying both the weight fraction of analyte in the matrix

Table II. Relation of Sonification Time to Sensitivity
and Lower Limit of Detection (LLD)

sonification sensitivity, LLD,

time counts/ug ug/em?
25h 61 (1)° 4
10 min? 95 (2) 3
10 min® 108 (2) 2

@ 0.8-um pore size filters. ? 0.45-um pore size filters.
¢ Figures in parentheses represent one standard deviation
for least squares line.

(f), and the mass absorption coefficient of the sample (u,*),
Equation 9 can be solved for X by numerical means (24) to
give the lower limit of detection for the analyte in the given
matrix.

RESULTS AND DISCUSSION

With reference to the areas of proposed investigation
outlined in the introduction, definitive statements can now
be made concerning the effects, importance and applicability
of these areas on this method for chrysotile. (1) While
prolonged sonification does change X-ray response and
probably particle size, those short periods of sonic treatment
used in preparing dispersions have negligible effects. (2) The
best method for phase analysis involves measuring integrated
peak areas and normalizing by means of an external standard.
(3) Corrections for X-ray absorption can readily and effectively
be made when the analyte is present in a matrix such as talc
at levels as low as 1% by weight. (4) Thin dust layers can
be reproducibly generated by filtering suspensions containing
particulate matter at concentrations as high as 1000 ug/mL.
(5) Ashing of the collection filter and subsequent redeposition
of the analyte introduces no analytical bias into the method.
(6) The detection limit for chrysotile by this method is at a
level of 2 ug/cm? on silver membrane filters, and the overall
precision of the method (RSD) is 6.9%. A detailed discussion
of these salient points is presented below.

Effects of Ultrasonic Treatment on Particle Size. To
obtain stable dispersions of chrysotile and tale, ground and
sieved samples of these minerals were placed in isopropyl
alcohol and subjected to the action of an ultrasonic cell
disruptor. Concern about the possible reduction in the length
and/or diameter of the relatively brittle chrysotile fibers as
a result of the sonification prompted a study on the actual
effects of the sonic treatment. This concern is particularly
germane should it become necessary to use ultrasonic tech-
niques to redisperse the chrysotile after the original collection
filter has been ashed so that the asbestos may be redeposited
on silver membrane filters. In this study, comparable amounts
of chrysotile were “sonified" for widely varying periods of time
and subsequently both sized by electron microscopy and used
in generating calibration curves. The results of this inves-
tigation indicate that prolonged ultrasonic treatment (>10
min) may be reducing particle size although insufficient sizing
data have been gathered to state unequivocally that the
apparent decrease in size is statistically significant. The
supposition of decreased particle size is borne out by the X-ray
responses of the sonified material. Calibration curves gen-
erated using the sonically treated samples show increased
detection limits and decreased sensitivity (counts/ug) with
increased sonification time (Table II). These observations
are probably a consequence of the fact that with increased
sonification time a larger fraction of the sample is becoming
small enough to either pass through the filter or lodge in the
interior of the silver filter where it is shielded from X-rays.
A more detailed study is presently being conducted to add
statistical credence to the observation that sonification de-
creases particle size. At any rate, the marked response of the
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Table III. Analytical Results as a Function of Phase Normalization Method

sample normalization RSD

set procedure Ab B¢

1 external 8.7 7.9
substrate 8.4 8.0

none 8.8 7.9

I external 6.9 9.0
substrate 6.6 9.3

noned 6. 9.0

linear correlation

RSD of slope coefficient

A B A B

2.5 2.6 0.9988 0.9986
3.1 3.3 0.9982 0.9972
2.4 2.7 0.9988 0.9986
2.1 3.1 0.9991 0.9980
2.7 3.7 0.9986 0.9972
1. 1 0.9997 0.9993

@ RSD = [Eni('RSDi )’Izn‘]‘.” ; all relative standard deviations were tested and shown to be homogeneous before being
pooled (Bartlett’s test at 1% significance level). ® 7.33-A peak of chrysotile (primary). ¢ 3.65-A peak of chrysotile (secon-

dary). 4 Raw intensity (counts).

X-ray sensitivity to sonification time indicates that the
treatment time must be kept to a minimum.

Evaluation of Phase Analysis (Normalization)
Methods. Two methods of normalizing the raw, net in-
tensities of the diffraction peaks from pure chrysotile (no
matrix) were evaluated to determine their effect on the
analytical results. In the first method, corrections were made
for instrumental instabilities by referencing the raw intensities
to an a-quartz peak from a reference stone (external nor-
malization). In the second method, the raw intensities were
first externally normalized then referenced to a silver peak
(also externally normalized) from an underlying filter to
correct for any variations in the chrysotile intensity due to
the orientation, height, and variability in flatness of the silver
filter in the sample holder (substrate normalization). To
obtain the necessary data, two sets of raw intensities were
collected using two different pore size silver filters and
chrysotile suspensions that had been ultrasonically treated
for 10 min. The 7.33- and 3.65-A peaks of chrysotile, the
2.36-A peak from the underlying silver filter, and the 3.34-A
peak from the quartz reference stone were measured. The
first set of data was taken using chrysotile deposited on
0.45-um pore size silver filters (I) and the second with
chrysotile deposited on 0.80-um pore size silver filters (I). The
overall analytical precision (RSD, pooled relative standard
deviation), the linear correlation coefficients, and the relative
standard deviations (RSD) of the slopes of the calibration
curves were determined using each of the two methods and
also the raw data. A Bartlett's test at a 1% level of significance
shows that within each set of data (I or II) the RSDs and
RSDs of the slopes are equal, demonstrating that both phase
analysis methods give comparable results (Table III), and
indicating that the physical condition of the filter is repro-
ducible and is not a critical factor when integrated intensities
are being measured. Convenience dictates the use of the
external method unless a filter is heavily loaded (greater than
ca. 2 mg) at which point the substrate method should be
employed as it provides the means for X-ray absorption
correction (see later section). Examination of Table III also
reveals that in all instances the raw data give results com-
parable to both types of normalized data (Bartlett's test, 1%
level). However, it is felt that this is simply a consequence
of the excellent instrumental stability observed over the
relatively short time period during which this study was
conducted. Long-term stability has been found to be sig-
nificantly less, and corrections should be made continuously
for instrumental instability.

X-Ray Absorption Corrections. To evaluate the viability
of the X-ray absorption correction method (theory section),
thin dust layers containing 10%, 7%, 5%, 3%, and 1% (w/w)
chrysotile in a talc matrix were deposited on silver filters and
the intensities of the chrysotile and silver peaks measured.

The average silver peak intensity was determined using
clean filters, and the chrysotile intensities were corrected for
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Figure 1. Intensities of the diffracted beam from chrysotile samples
before X-ray absorption corrections (7.33 A peak)
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Figure 2. Intensities of the diffracted beam from chrysotile samples
after X-ray absorption corrections (7.33 A peak)

X-ray absorption using Equation 3. The slope (m,) and
intercept (b,) values found for a calibration curve of pure
chrysotile (negligible absorption effects) were then used to
calculate the corrected weights according to Equation 4. A
comparison of the uncorrected weights to the actual weights
reveals that errors in accuracy can be significant if absorption
corrections are not made. For example, at a level of 1%
chrysotile in talc, a 100-ug sample of chrysotile would give an
apparent weight of 49 ug before absorption correction and 102
ug after correction.

The effectiveness of the correction method is shown
graphically in Figures 1 and 2 where the intensities of the
primary chrysotile peak are plotted before and after absorption
corrections. The curves in Figure 1 correspond well with those
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Table IV. Calibration Curve Slopes Derived from Plots
of Corrected® Intensity vs. Weight of Chrysotile (ug)

chrysotile slope, linear correlation
in tale, % counts?/ug  coefficient

100%:¢ 108 0.9991
100° 95 0.9988
10 98 0.9984
7 111 0.9978
5 92 0.9961
3 101 0.9993
1 102 0.9938

@ Corrected for X-ray absorption. b No X-ray absorp-
tion corrections. € 0.45-um poresize silver filters used,
all other results are for 0.80-um pore size silver filters.

d Externally normalized.

predicted by theory (20), and the linearity of points in Figure
2 demonstrates the ability of the correction technique to
compensate for absorption effects. The slopes of the corrected
intensity vs. weight curves for the various percentages of
chrysotile in talc are given in Table IV and by their com-
parable values further demonstrate the excellent corre-
spondence between intensities that differed initially by as
much as a factor of three due to X-ray absorption.

As an additional check on the principle of this correction
technique, a portion of the data accumulated in this study
was used in determining the mass absorption coefficient (u*)
for talc (Equation 7). The experimentally determined value
of 33.62 cm?/g compares favorably with the calculated value
of 31.2 (25) and adds further credibility to the results obtained.

Evaluation of Techniques Used for Depositing Thin
Dust Layers. The thin dust layers used in this study were
generated by filtering pipetted aliquots of suspensions con-
taining particulate matter, specifically talc and chrysotile.
However, there has been concern at this laboratory that errors
which could significantly affect the precision and accuracy
of the results may be incurred by pipetting from particulate
dispersions. The primary concerns have been that the ca-
pillary tip of the pipet might foster poor precision by pro-
moting variable amounts of particulate aggregation, and filter
out a fraction of the particles, thereby introducing a bias into
the analytical accuracy. To test for effects on the accuracy
and precision, three different techniques were used in placing
10 mg of pure talc on three sets of 10 silver filters each. (Talc
was used as it represented the mineral component that was
used in highest concentration during the entire course of this
investigation.) In the first technique, 10.00 % 0.01 mg samples
of talc were weighed out, suspended in isopropyl alcohol, and
the entire suspension was filtered through the silver filters.
In the second and third techniques, a transfer pipet and a
transfer pipet with the capillary tip removed (recalibrated)
were used to draw 10-mL aliquots from a suspension con-
taining 1000 ug/mL of talc. The average talc diffraction peak
intensities and associated standard deviations were used to
assess and compare the precision and accuracy of the three
techniques. The values of the mean and standard deviation
found for the diffracted intensities from the weighed samples
were then assumed to be the true and best values respectively.

A statistical F-test (two tailed) show that, at a 5% level of
significance, the standard deviations associated with the
samples prepared using either the regular transfer pipet or
the tipless transfer pipet were not different from the standard
deviation found for the weighed samples (P = 0.638 and 0.653,
respectively). A statistical ¢-test (two tailed) showed that at
a 5% level of significance the average intensity of the dif-
fracted beam from the weighed talc samples is not different
from the average beam intensities of the samples that were
generated with either the regular pipet or the tipless pipet
(P = 0.151 and 0.055, respectively). Thus this demonstrates

Table V. Detection Limits for Chrysotile in
Different Matrices

chrysotile, detection limit,?

matrix % ug/cm?

e 100 2

o 100 3 (secondary peak)
tale 10 3
talc 7 3
tale 5 3
tale 3 3
tale 1 3
ZnO, 1 3.5
CaCoO, 1 3.5
ZrO, 1 4.0
TiO, 1 3.5
Fe O, 1 4.5

¢ Determined using the primary peak (7.33 A) unless

otherwise noted.

that transfer pipets can be used in taking aliquots from
suspensions containing particulate matter in concentrations
as high as 1000 pg/mL.

Detection Limits. The detection limit for chrysotile was
defined as the amount of material required to give a diffracted
X-ray intensity equal to three times the standard deviation
of the background (22, 23). Using this definition in the form
of Equation 9 the lower limits of detection for pure chrysotile
and for the various percentages of chrysotile in talc were
established (Table V). By measuring the background ra-
diation levels of the other matrices given in Table V at angular
positions comparable to those used for chrysotile background
measurements, Equation 9 was also used to predict the
minimum mass of chrysotile that could be detected in these
matrices assuming 1% chrysotile by weight.

One of the conclusions reached during the course of this
investigation is that the analysis of bulk samples for relative
percent analyte should be made on samples that are less than
“infinitely thick™ (17). The procedure involves the deposition
of a known weight of sample on a silver filter, the determi-
nation of the actual weight of analyte using the absorption
correction method, and finally the calculation of percent
analyte. The advantages of analyzing bulk samples in this
manner are: (1) both relative and absolute amounts of analyte
can be determined simultaneously, (2) it becomes unnecessary
to prepare calibration curves based on varying percentages
of analyte in a matrix; a single calibration curve for the pure
analyte suffices, and (3) the method does not require a prior
knowledge of the identity or nature of the matrix (assuming
it is not an interference), it is merely required that the amount
of sample placed on the filter be less than that which will
absorb all of the diffracted X-rays from the underlying silver
filter. By comparison, the nature of the matrix is critical in
analyzing “infinitely thick™ bulk samples unless an internal
standard is used.

Recovery Studies. The applications of the method de-
scribed in this paper are directed primarily toward the analysis
of samples collected by small personal air samplers, attached
to workers, which draw air through a filter at ca. 1.7 L/m.
Worker movement, air currents, partial blockage of the face
of the filter cassette, particle size discriminators attached to
the cassette, and cassette positioning may lead to inhomo-
geneous deposits of analyte on the filter. The principles of
the method described above require (1) homogeneous de-
positions of uniform thickness and (2) silver filters as support
material. Therefore, to assure optimum results, the collection
filters must be ashed and the chrysotile redeposited on silver
membrane filters. Since concern about deposition homo-
geneity precludes direct sampling with silver filters, a study
was carried out to evaluate the possibility of bias being in-



Table VI. Count to Mass Conversion
Factors for Chrysotile

mass of 8-h
fibers/ug?® source sample,® pg ref.
0.67 x 10* textile products 244 (27)
1.39 x 10* friction products 117 (27)
2.25 x 10* pipe prod.uct.s 73 (27)
5.2 x 10* commercial buildings 31 (5)
2.0 x 10* “general standard” 82 (28)
2.0 x 10* hygiene standard 82 (10)

4 Fibers >5 um in length. ® 1.7 L/m sampling rate.

troduced into the analytical results as a consequence of the
ashing and redeposition.

Equal amounts of chrysotile were deposited on 12 Millipore
AA filters and 12 silver membrane filters (six filters at each
of two levels; 100 and 150 ug). The AA filters were then ashed
in a low temperature asher and the residues redeposited on
silver membrane filters. The average intensities of the dif-
fracted beams from the 12 redeposited samples were compared
with those of the 12 direct deposition samples and a two tailed
t-test showed that at a 5% level of significance (P = 0.466,
0.426, respectively) there was no difference in the means at
either of the two levels of loading. Similarly, both sets of filters
for each of the two levels gave comparable standard deviations
(two tailed F-test, 5% level of significance P = 0.058, 0.182,
respectively) indicating that ashing and redeposition does not
introduce analytical bias or affect the precision of the method.

Count to Mass Conversion. On July 1, 1976, the Oc-
cupational Safety and Health Administration (OSHA) pro-
mulgated a standard for occupational exposure to asbestos
containing an 8-hour time-weighted average (TWA) con-
centration exposure limit of 2 fibers/cm?® longer than 5 um
(26). To determine if this level is commensurate with the
detection limit of the above method, it is necessary to obtain
a count-to-mass conversion factor for chrysotile fibers. The
results of several studies in which conversion factors were
reported are summarized in Table VI. Quite clearly, the
results are at variance and reflect not only the variety in the
sources or uses of the fibers but also the differences in
techniques used by the original investigators. However, based
on these correction factors, the minimum amount of material
that would be collected in a personal sample exceeds by at
least a factor of three the detection limit determined for
chrysotile at a level of 1% in talc and exceeds by at least a
factor of five the detection limit for pure chrysotile.

CONCLUSIONS

This study clearly demonstrates the substantial potential
of XRD as a routine technique for the quantitative deter-
mination of microgram quantities of serpentine asbestos. The
utility of this method for both personal samples collected on
filters and bulk samples is evident in its (1) specnflcntv for
chrysotile, (2) low detection limits, (3) excellent precnsmn.
particularly in comparison to the interlaboratory precisions
of 30-100% (or greater) found using fiber counting methods
for non-occupational (4, 5, 8), occupational (6, 7), and lab-
oratory generated samples (9), (4) capability of making precise
and accurate quantitative measurements on small quantities
of chrysotile in the presence of large amounts of matrix

ANALYTICAL CHEMISTRY, VOL. 51, NO. 4, APRIL 1979 * 525

material, a situation where the counting method is at best
difficult, (5) potential for automation, and (6) ready adapt-
ability of the method to other asbestiform materials (e.g.,
tremolite) in different matrices.

No method is without its drawbacks, the primary one of
which in this case is the problem of interferences. Minerals
such as antigorite, lizardite, members of the kaolinite group
(kandites), and possibly chlorite are potentially serious in-
terferences with chrysotile. Sample pretreatment and X-ray
line profile analysis are two approaches presently being ex-
plored in an attempt to reduce the adverse effects of inter-
ferences.
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Optimized Wide-Interval Rate Measurements of Substrate
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Varlation In the value of the rate constant of a first-order or
pseudo-first-order reaction, is a major contributor to error in
the estimation of substrate from the rate of reaction. Rate
over any y but fixed time Interval can
be optimized to provide imp duction in errors from
that source. WIide-Interval measurements include a large
t of the llable ch in absorb and reduce the

need for high precision pholomeiers

Estimation of chemical substances by rate methods is
becoming more common as a result of instrumentation which
makes rate methods convenient to use. The simplest and most
common methods are based on first-order or pseudo-first-order
reactions. The particular advantage of first-order reactions
is the fact that at any fixed time the velocity (rate of reaction)
is proportional to the initial amount of substrate (I). A great
many methods measure the rate as close to zero time as
possible in an attempt to measure the initial rate. For
first-order reactions, it is also true that the average velocity
between any two time points is proportional to the initial
amount of substrate (1).

It has been shown by Atwood and DiCesare (2) that the rate
constant could be adjusted to give a maximum velocity over
a relatively short interval which occurred at a fixed time after
initiation of the reaction. That an optimum rate constant
exists, can be seen from the following argument. Suppose the
rate constant were small, then the rate of reaction would be
small. Increasing the rate constant would increase the rate
of reaction. However, in contrast to the initial rate mea-
surement, there comes a point at which the amount of
substrate remaining at the time of measurement is so small
that the rate of reaction would be small. Thus there is a
compromise between an increased rate due to an increased
rate constant and decreased rate due to substrate utilization.
In addition to providing the maximum velocity, those same
conditions provided resistance to the effects of variations in
the rate constant (enzyme activity). Those authors were able
to show that £20% variations in the rate constant resulted
in a mere 2% error in the measured rate and, hence, in the
estimated substrate concentration. The same variation would
cause a 20% error in results measured by initial rate methods.

Our purpose is to extend the optimization theory to the use
of time intervals that are large in comparison to the time after
initiation. Large time intervals will result in larger changes
in absorbance which would permit the use of instruments that
are neither so sensitive nor elegant as that used by Atwood
and DiCesare. Techniques for quickly and simply optimizing
an assay are presented and illustrated by application to the
estimation of uric acid by the use of uricase.

THEORY

A first-order reaction is characterized by an exponential
function of time;

1Present address: Departmem of Pathology, University of Virginia,
Charlottesville, Va. 2290 o e
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and Medicir

S = S, exp(-kt) (1)

where S; is the initial amount of substrate, S is the amount
at time ¢, and k is the rate constant. For an enzymatic reaction
with substrate levels well below K, k = Voo /Kn (2). The
average rate of reaction (velocity) between times ¢, and ¢, is;
exp(-kt,) — exp(-kt,)
V=S ———————— (2)
ta—ty

In order to find the optimal value of k£ which minimizes the
variation in -V, for variations in k, the derivative of Equation
2 is taken with respect to &;

dVy, 0
T H (~t) exp(-kt,) + t, exp(-kty)) (3)
By setting this derivative equal to zero, the condition for
optimization results;

kt, exp(-kt,) - kt, exp(-kty) =0 (4)

For other than the trivial solution, ¢, = t,, the solutions to
this equation must be found by numerical methods. The
physical situation justifies this condition as a minimum and
obviates need to examine the second derivative. Furthermore,
the natural variables are kt, and kt, and their use allows a
general solution that does not depend on the particular time
scale, i.e., minutes, seconds, hours, etc. For example, if kt,
= 0.5, then Newton’s method can be used to find that a value
of kt, = 1.7565 will satisfy the equation within 0.01%. Ina
like fashion, numerous other values of kt, between 0 and 1
were chosen and the value of kt, was found. The relation
between kt, and k¢, is symmetrical so that values of kt, greater
than 1 yield values of kt, less than 1. For that reason, kt, was
limited to values less than 1. These data points are shown
as a smooth function in Figure 1, where it is seen that the
optimum value for kt, increases rapidly as kt, approaches zero.
As an example in the use of Figure 1, suppose the rate
constant, k, is 0.01 s! and ¢, is chosen as 50 s. The value of
kt, is 0.5 and the optimum kt, is 1.76; hence the second
measurement is to be made at 176 s.

Also shown in Figure 1 is the time interval of the mea-
surement, kAt, which of course can be calculated by sub-
tracting kt, from kt,. Its purpose here is to illustrate that the
rate measurement can be made over an interval which rapidly
approaches the total time of reaction.

In some situations, the rate constant must be modified (by
adjustment of the amount of enzyme) to make the optimum
times coincide with predetermined measurement times. The
ratio, kt,/kt, shown in Figure 1, allows determination of the
optimum rate constant. For example, if ¢; = 30 s and ¢, =
45 s, then the ratio is equivalent to ¢,/t, or 0.67 since the rate
constant can be factored out of the ratio. From Figure 1 it
is found that kt, = 0.82 and k = 0.027 s".

In Figure 2, curve A shows the amount of material reacting
within the measurement interval. Thus, in the example above
where kt, = 0.82, about 15% of the original amount of material
reacted to produce a difference in measurements at t; and t,.
Curve B shows the amount of material reacted by the time
of the final measurement, about 70% in the example above.

© 1979 American Chemical Society
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amount of material reacted by the end of the optimum time interval

which corresponds to an initial measurement at kt,

Notice that at least 63% of the material will be reacted and
that 100% of the material reacts in the interval when kt, =
0 and consequently kt, is infinite, i.e., the reaction has gone
to completion.

Finally, in Figure 3 is shown the error in velocity that results
from a plus, P, or minus, M, 25% variation in the rate constant
when the optimum time interval is chosen. It is seen that the
error decreases as kt, decreases and correspondingly, kt,
increases. Ultimately, the error due to variations in rate
constant goes to zero, as kt; goes to zero, in which case the
reaction has gone to completion since the corresponding kt,
is infinite. It is noteworthy that the error decreases rather
slowly, even as the total amount of substrate converted
surpasses 90% at kt; = 0.3.
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Figure 3. Variation of plus 25% (P) and minus 25% (M) in the rate
constant and the resulting amount of error (decrease) in rate mea-
surement over the optimum time interval which corresponds to an initial
measurement at kt,
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Figure 4. Absorbance vs. time for two levels of urease; N = nominal,
P=+23%

EXPERIMENTAL

A CentrifiChem 400 (Union Carbide, Rye, N.Y. 10580) was used
to collect spectrophotometric data at 292 nm at 37 °C. Reagents
for uric acid analysis were from DuPont (Automatic Clinical
Analysis Division, Wilmington, Del. 19898) and were chosen
because of the large K, of the uricase obtained from Bacillus
fastidiosus (3). Solutions of uric acid were prepared according
to the method of Henry (4).

In an initial experiment wherein the reagents were reconstituted
with 6.25 mL H,0, the rate constant was measured to be 0.033
57! from a log velocity vs. time plot. For the purposes of illus-
tration, it was desired to use a k value of 0.013 s™', therefore a
new set of reagents was diluted to 159 mL. No attempt was made
to maintain the buffer capacity, ionic strength, or pH. In view
of the results, this procedure was deemed adequate. Two time
intervals were selected for the purposes of illustration. The first
was kt, = 0.4 (¢, = 30 s) and kt, = 2.02 (t; = 150 s). This condition
permits a measurement of over 50% of the total absorbance
available from the uric acid. A second interval was kt, = 0.8 (¢,
=60s) and kt, = 1.23 (t, = 90 s). This condition was the smallest
convenient time interval surrounding one reaction time constant
(1/k). The value of the rate constant (0.013 s!) was chosen so
that these convenient time points would approximately satisfy
the optimization conditions.

RESULTS
In Figure 4 is plotted the absorbance readings from the
experiment with & = 0.013 s”'. Inspection shows the initial
rate (slope of the curves at t = 0) to be greater for the curve
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where the rate constant was purposely increased 23% (in-
creased amount of uricase). On the other hand, the average
rates of reaction, as indicated by the slope of the long dashed
lines between the absorbance at 30 and 150 s, are nearly the
same. Thus, any substrate concentrations derived from the
slope of those lines would be nearly the same.

In a similar way, the short dashed lines of Figure 4 have
nearly the same slope and would give nearly the same results.
Whether the narrow or wide measurement interval is chosen
depends on the precision of the absorbance measurements and
the time available for the measurement (or allowable cost for
increased amounts of enzyme required for a short time scale).
It can be seen from Figure 4 that narrow time intervals will
exhibit a steeper average slope than wide intervals.

DISCUSSION

Measurements of analytes by rate methods are becoming
increasingly important compared to end-point measurements.
This is because rate methods inherently correct for blanks
(interfering absorbance unrelated to the analyte). Generally,
they take less time, since it is not necessary for the reaction
to go to completion. Furthermore, the availability of in-
strumentation which permits convenient rate measurements
has made the use of rate methods more popular. However,
variation in the rate constant is one of the major sources of
error. The rate constant in enzyme catalyzed methods is
particularly sensitive to variations in temperature (often
7-8% /degree) and in amount of inhibitors and activators from
the sample. Furthermore, if calibration is to be performed
occasionally, then loss of enzymatic activity on storage be-
comes a factor. Finally, the rate constant can vary because
of dilutional errors as well as variations in the amount of the
second substrate in pseudo-first-order reactions. These are
compelling reasons for optimizing the rate measurement to
reduce the effects of such variations.

The optimization presented by Atwood and DiCesare (2)
provides many advantages, not the least of which is avoidance
of measurements near t,. In addition to those advantages,
the wide-interval optimization presented here permits the
measurement of larger changes in absorbance, thereby re-
ducing the need for a high precision photometer. Furthermore,
to a lesser extent the optimized wide-interval measurement
is even less affected by variation in the rate constant.

When it is not practical to adjust the rate constant, then
t; must be chosen to be less than the reciprocal of the rate

constant. With that selection, ¢, is automatically set and will
be greater than the reciprocal of the rate constant. Conversely,
t, may be selected and ¢, determined by the optimization
condition. If no conditions predispose a particular selection
of t, or t,, then they may be selected to achieve a particular
absorbance change. On the other hand, both ¢, and ¢, may
be fixed by instrumental considerations in which case the rate
constant must be adjusted. All of these situations can be
handled by referral to the appropriate figures.

In order to apply the methods of this paper, it has been
necessary to know or to measure the rate constant. In some
circumstances, it is inconvenient to measure the rate constant.
The wide-interval optimization is still valid in those cir-
cumstances, in which case the average rate of reaction can be
measured for a number of rate constants (or simply, amount
of enzyme) and the value which maximizes the average rate
of reactions selected as the optimum condition. This approach
is valid since the derivative of the average rate of reaction is
zero at the optimum conditions, indicating a maximal value
in this case. However, measurement of the rate constant is
preferred because the optimal conditions can be achieved with
fewer measurements and with greater precision. Because the
peak in a graph of rate vs. rate constant is broad, it is difficult
to select the best value for the peak.

It is anticipated that the theory of optimization for
wide-interval rate measurements can be extended to include
coupled reactions as well as measurements at multiple time
points in order to improve the precision. Nevertheless, the
theory developed thus far is applicable to any first- or
pseudo-first-order reaction, even though enzyme catalyzed
reactions were treated explicitly. The optimized wide-interval
rate measurement of substrate is easy to use and offers
substantial advantages.
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In the kinetic analysis of substrate, factors which affect the
enzymatic activity will affect the estimate of the amount of
substrate. Likewi: lati in the activity of pling
enzymes will affect the estimate. By proper selection of the
time at which to measure the rate, variations in enzymatic
activities will cause only minor variations In the rate, contrary
to the case where measurements of the Initial rate are made.
Optimization theory is developed for variati in the activity
of the primary or the pling or both enzy Four hod
are presented for estimating the kinetic parameters used in
the optimization.

Measurement of the initial rate of reaction in an enzyme
catalyzed assay for substrate is not necessarily the best rate
measurement. Atwood and DiCesare (I) present a technique
for optimization which measures the rate at a time when
approximately 63% of the substrate has been consumed. That
rate measurement exhibits an impressive resistance to var-
iations in activity of the enzyme with a resultant improvement
in methodological precision, and obviation of the need for
making early absorbance measurements. While their theory
is developed for simple first-order reactions, some of the
methods involved one or more coupled reactions, with lag
phases that were significant fractions of the time from
triggering to measurement. Although they did not make a
rigorous analysis of the effects of lag phase resulting from
coupling reactions, they did offer an explanation which ap-
proximated the effect as a fixed time delay.

Bergmeyer (2) has investigated the kinetics of coupled
reactions. The case which is of interest for the present
discussion is that of consecutive irreversible first-order re-
actions. When the end-product is measured and the rate
constants are comparable, i.e., neither step is rate limiting,
a lag phase is evident in the reaction curve. Following the
lag phase is the straightest portion of the reaction curve which
corresponds to the maximum velocity of the reaction. This
maximum velocity, which occurs at the inflection point of the
velocity curve, could be substantially different from the initial
rate of reaction of the first step. Nevertheless, the maximum
velocity is proportional to the initial concentration of the
reactant and the time at the inflection point is independent
of the initial concentration. Furthermore, the product of the
time at the inflection point and either rate constant is equal
to a respective term which depends only on the ratio of the
rate constants. In other words, the relative shape of the curve
depends on the ratio of the rate constants, not their individual
value.

Tiffany et al. (3) also studied the case of two irreversible
first- or pseudo-first-order reactions occurring in series. They
demonstrate the linear relationship between the concentration
and the average rate measured between any two fixed times.

1 Present address: Missouri Institute of Psychiatry, 5400 Arsenal
Street, St. Louis, Mo. 63139.

0003-2700/79/0351-0529$01.00/0

While making no claims about the desirable amount of
coupling enzyme or the lag phase, they do state that the
concentration of substrate must be less than 0.1 K, for both
enzymes.

In order to provide a firm theoretical foundation for the
optimization of coupled enzymatic measurements of substrate,
a kinetic analysis needs to be made for the case of two ir-
reversible first-order reactions occurring in a series. The
resulting equation will be equivalent to that derived by
Bergmeyer (2), although it will be factored differently for
purposes of emphasis. Subsequently, the technique of Atwood
needs to be expanded to the case of coupled reactions. Thus
our purpose is severalfold: (1) to derive a theory of opti-
mization which includes the effects due to coupling enzymes,
(2) to present methods for estimation of the primary and
coupling rate constants, and (3) to demonstrate the improved
resistance of the optimized assay with respect to variation in
enzymatic activity.

EXPERIMENTAL

Reagents. Urease type III, glutamate dehydrogenase type II,
2-oxoglutarate, and NADH were from Sigma (St. Louis, Mo.
63118). All other chemicals were reagent grade. Deionized water
was used throughout.

Instrumentation. A Gemsaec (ENI, Fairfield, N.J. 07006)
was used to gather spectrophotometric data.

Procedure. The conditions of the assay were: 60 umol/L urea;
40 mmol/L Tris; 4.0 mmol/L EDTA; 2.0 mmol/L 2-oxoglutarate;
1400 IU/L urease, nominal; 20000 IU/L glutamate dehydrogenase,
nominal; 200 umol/L NADH. The reagent was adjusted with HC1
to a pH of 7.8 at 30 °C before the addition of enzymes or NADH.

THEORY
Assume the reactions are irreversible first order so that;
ko k
A~B—+C (1)

where k; = Vo /Kp, for the primary enzyme and k, =
Vinaxy/ K, for the coupling enzyme. Differential equations
representing the above can be solved to give the rate of change
or velocity (V) of the final product, C;

ks
V = Agky exp(-kit)| T—— [I1 - exp(-(ky - kD] (2)
ky -k,

The term A, is the amount of substrate at time zero and the
term Aok, exp(—k,t) is equal to the rate of change in substrate,
A. The additional terms represent effects due to the coupling
enzyme and intermediate product, B. Thus the rate of ap-
pearance of product is different from the rate of disappearance
of substrate by a steady-state term in brackets and a transient
term in braces.

The customary technique of measuring the initial rate is
not feasible in this case because the initial rate is zero, i.e.,
there is a lag phase while the intermediate product builds up.
An alternate technique chooses a region of the absorbance vs.
time plot that approximates a straight line. The slope (dA/dt)
in this region is equivalent to measuring the peak velocity
where the rate of change of velocity and, hence, curvature of

© 1979 American Chemical Society
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TIME (Dimensionless)

Figure 1. Optimal time of rate mea L Ty Ty,
and Ty, provide maximum suppression of errors due to variations in
ki, k and k, and k; respectively. T, provides the peak velocity. These
dimensionless times are to be divided by the rate constant, K, to obtain
the actual time

the absorbance vs. time plot is smallest. However, Equation
2 reveals that the velocity is proportional to the substrate for
any time greater than zero. The question can now be asked;
is there an optimum time at which to measure the velocity
where the greatest precision will be obtained. Of course the
answer will depend on the source of the variations. Of concern
here are variations in the activity of the enzymes.

In the following, the derivative of the velocity shall be set
equal to zero and the resulting equation shall be solved for
the time. Because there are two variables, k; and k,, the
derivative can be taken with respect to one or the other or
an infinite number of combinations of the two. Several
conditions are particularly useful, that representing variations
in k,, that representing variations in k,, and that representing
equal percentage changes in k, and k,. The first situation
occurs, for example, when a variable amount of inhibitor for
the primary enzyme is present in the sample or when the
primary enzyme is unstable and loses activity from one assay
to the next. Optimization with respect to variations in k; shall
be called Type I conditions. Similarly, when the coupling
enzyme is subject to inhibition or is unstable, then optimi-
zation with respect to variations in k, is appropriate. This
is a Type 1I condition. Finally, a Type III condition shall
denote equal p age ch in k; and k,. This situation
would arise with dilutional errors, assuming that the ratio of
enzyme activities remains constant. Also, changes in tem-
perature would affect the enzyme activities in approximately
equal proportion. Thus the optimum time will depend on
which kinds of variation are most important in a particular
assay. Later on, we shall be able to comment on desirable
ratios of the primary and coupling enzyme.

Type I—Variations in k,. The derivative, set to zero, of
the velocity with respect to k, is :

0=1-kyt~ = kytiexp krkonf] — expkrkig )

@)

where ¢t is the optimum time at which to measure the rate
of reaction. In the event k, is very large, i.e., an excess of
coupling enzyme, the last two terms of Equation 3 can be
neglected and the resultant equation is equivalent to that
obtained by Atwood (7). When k, is not particularly large,
then Equation 3 must be solved in its entirety. An analytical
solution for ¢; could not be found, so resort to a numerical
solution was made utilizing Newton's method. In order to
obtain a solution for the optimum time which was not de-
pendent on the particular values of k; and ks, the equation
was scaled using a parametric time, 7| = kit;. The results are

ky
ka-ky

plotted in Figure 1 where it is seen, for example, that the
optimum T for a ratio of k, to k; of 4 is 1.3. Thus, if k, =
0.01s7%, then ¢; = 1.3/0.01 or 130 s. It is apparent from Figure
1 that the optimum time with respect to k) for ky/k, greater
than 10 is only slightly different from Atwood’s limiting case
with a result of 1.0.

It is appropriate to inquire whether the optimization de-
pends on the nature of the change in the rate constant, since
K, will be affected by competitive inhibitors and V, will be
affected by noncompetitive inhibitors as well as by dilutional
and temperature variations. The optimization with respect
to k, is valid for small changes in K, or V,, or both. Proof
of this assertion is seen from the partial derivatives of k;:

dh = B gy B @
Vi ™ K, ™
and noting that
ak, 1

Vo = K. (5)
and

aky Vi

Ky (Kn)? ©

Hence the derivatives are different only by a constant and
would be equal to zero for the same value of time. This finding
also applies to k.

Type II—Variations in k,. The derivative, set to zero,
of the velocity with respect to k; is:

0= 1 (1 - exp (k2 kotny 4 k,t"exp""”*“‘" (7)
ky - Ry
Newton's method was again used to obtain the numerical
solution for ¢y The parametric time, Ty = k;ty; is plotted in
Figure 1.
Type III—Variations in k, and k, (Dilutional). The
derivative of the velocity in the most general form is:

aV aV

af=, T o

for the particular case of dilutional errors, dk, = ky/k, dk;.

Making this substitution into Equation 8 and setting dV =

0, gave an equation which was again solved by Newton's

method to find the optimum time. The parametric time in

this case was Ty = kyty;. The result is plotted in Figure 1

where it is seen that Ty is generally shorter than T} and for

ky/ky > 5, Ty is approximately equal to Atwood's limiting
case with a result of 1.0.

Error Surface. It is instructive to consider an error surface
around some optimum time. For these purposes, the optimum
time was chosen as T} for ky/k, = 4. As will be seen, this choice
will amply illustrate the distinction between T and Ty and
further represents a not unlikely set of operating conditions,
i.e., the observed velocity vs. time curve is characteristic of
that for coupled reactions.

The error surface is plotted in Figure 2 for selected levels
of error. In the center of Figure 2 is the nominal operating
point. It can be seen that a £20% change in k, is required
before the velocity measured at time ¢; has changed (de-
creased) by 2%. On the other hand only an 8% change in
k, is required before the velocity is changed by 2%. Note that
a decrease in k, results in an increased velocity. Because
optimization was made with respect to variations in k, it is
not surprising that the nominal operating conditions provide
the greatest resistance to changes in k,, nevertheless the
magnitude of insensitivity to such changes is impressive.
Figure 2 also shows that a 7'/,% increase in k, and k, (un-

dk, (8)
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Figure 2. Error surface at T, for k,/k, = 4. See text for description

derdilution or temperature change) results in 2% decrease in
the velocity while a 32% decrement in k, and k, is required
before a 2% change in velocity is incurred. This latter ob-
servation suggests that k, and k, could be reduced approx-
imately 15% so that equivalent dilutional errors on the up
side and the down side could be tolerated. Additionally,
Figure 2 shows that such an operating point would be ap-
proximately parabolic with respect to dilutional errors, hence
there would be a very small error in the velocity for small
dilutional errors. However it is not really necessary to change
the values of k; and k,, but merely to measure the velocity
at a different time, ty;;. This fact can be appreciated by
realizing that equal changes in k, and k, are equivalent changes
in the time scale. Thus decreasing in k, and k, cause the
velocity curve to evolve more slowly. Equivalent results would
be found by decreasing the time where the velocity was
measured on the velocity curve resulting from the original
values of k, and k,. This is consistent with the fact that t;;
is less than t;.

Measurement of k, and k,. In order to relate the the-
oretical curves of Figure 1 to a physical system, the rate
constants k, and k, or their equivalents must be determined
by any of several approaches.

Method A. Direct purposeful variation of the activity of
the primary and/or coupling enzyme activity by 10 to 25%
yields a straightforward estimate of the optimum time. In
particular, the intersection of the time curves for +25 and
-25% variation in k, is virtually at ¢;. Similarly, the inter-
section of the curves for variation in k, and k, together is
virtually ty;. A distinction is to be made between these
crossover times and the respective optimum times since the
latter is based on infinitesimal variations in the rate constants.
There would be no difference if the variation in the rate were
a parabolic function of variation in the rate constants. The
function is only approximately parabolic. However, in practice
the difference is negligible.

In many cases it is not necessary to actually determine the
values for k, or k,. However, if it is desirable to change
conditions, for reasons of operator convenience or instrumental
constraints, then some estimate is required. An estimation
of ky/k, can be made from the measurement of time of
crossover and the time of occurance of the peak velocity, ¢,.
Because the center of the peak is difficult to locate, it is useful
to use a least squares fit to the data points around the peak.
For velocity data which were measured over equal intervals
of time, the following simplified least squares formula is
helpful,
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Y1~ Y41
_———— 9)
2y~ 4yo + 2y4y

where y, is the peak velocity, y.; is the velocity in the previous
interval, y,, is the velocity in the following interval, and AX
is the distance to the estimated peak from the data point
having the maximum velocity. The distance is in terms of
the time interval, i.e., if the velocity was measured every 30
s, and AX were —0.3, the estimated peak occurred 9 s before
the data point with maximum velocity. Returning to the
estimation of k,/k,, the ratio of ¢, to ¢, (for a crossover de-
termined by variation of k,) is equal to the ratio of T, to T
The latter ratio can be determined from Figure 1 and linear
interpolation used if necessary to find the appropriate ky/k,.

Once ky/k, is known, then the other optimal times can be
determined, or individual adjustments to the activity of &,
or k; can be made for improved resistance to change or to
reduce the cost of the assay by using more of the inexpensive
enzyme and less of the other.

Method B. From Figure 1, the value of k,/k, can be de-
termined if the value of T} is known. Since T, = kit,,
measurement of k,, in addition to ¢, as described in Method
A above, is necessary. The value of k, can be measured from
the terminal slope of a log velocity vs. time plot. This method
is convenient because both measurements can be made on a
single set of velocity data.

Method C. The rate constants are determined from a
nonlinear least-squares fit of Equation 10 to the data.

AX=-

X=Y+
- i ky ~ k
Ay 1 - exp(-k,t) o U= % exp(-(kz - ky)t)
(10)

where X represents a measured variable such as absorbance,
Y is a background level, and the other terms are the same as
in Equation 2. The parameters to be determined are; Y, A,,
ky, ko, and possibly ¢, in cases where there exists a significant
dead time between mixing and initiation of the reaction timer.
The Box Algorithm (4) is useful in dealing with three nonlinear
terms, ky, ky, and t;. The method requires at least 10 good
data points which include some d the
time where the velocity is a maximum.

Method D. This method involves direct measurement of
k, by measuring the slope of a log velocity vs. time plot re-
sulting from a reaction mixture initially containing the in-
termediate substance B in Equation 1. In the example
considered here, ammonium ion is the intermediate. From
the terminal slope of a log velocity vs. time for a plot resulting
from a reaction mixture initially containing the substrate, A,
the rate constant, k|, can be determined also.

RESULTS

In Figure 3 are plotted the velocity data (rate of change of
absorbance) for a systematic variation in k, (Type I variation).
The curve labeled 1 corresponds to the desired enzyme ac-
tivity, curve 2 corresponds to an increase of 25%, and curve
3 corresponds to a 25% decrease. The peak velocity (cor-
responding to the straightest portion of the absorbance curve
which is not shown here) occurs approximately at the second
velocity data point. At that time the velocities were 13%
greater and 17% less than the unperturbed velocity depending
as k) was greater or less than the nominal. Such variation in
results would be generally unacceptable. On the other hand,
the crossover point labeled A represents the time at which
the various perturbations have very nearly the same velocity
as the nominal, i.e., minimal error. The time of crossover, A,
is virtually the same as t; and illustrates the finding from the
error surface that increase or decrease in k, both result in a
decrease in velocity at that time. The measured decrease was
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Figure 3. Velocity curves resulting from systematic variation in k.
Conditions: 1 = nominal, 2 = +25% k,, 3 = -25% k,
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Figure 5. Semilog plot of velocity resulting from systematic variation
in k,. Conditions: 1 = nominal, 2 = +25% in k,, 3 = -25% in k,.
Curve 4 is due to the intermediate, ammonia, so that k, can be estimated
directly from the slope
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Figure 4. Velocity curves ting from sy riation in k, and
k, together (dilutional or temperature type variations). Conditions: 1
= nominal, 2 = +25% k, and k, 3 = -25% k, and k,

2.5% which compares well with the predicted 2% and is a
substantially smaller error than that at the peak velocity.
In Figure 4 are plotted the velocity data for a systematic
variation in k, and k, together (Type IIl variation). The
results are entirely analogous to those for perturbations in k,
above. At crossover A, corresponding to tyy, the 25% per-
turbations resulted in a decrease in velocity of 4%.

Data for systematic variation of k, (Type 11 variation) are
plotted in Figure 5. A semilogarithmic scale was chosen to
illustrate estimation of k, from the terminal slope. At
crossover A, corresponding to ty;, 25% perturbations in k,
resulted in error too small to be measurable from the figure.

As expected, Figure 5 demonstrates that the three curves
exhibit the same terminal slope. Also this illustrates the point
that the velocity is different from that of a simple exponential
decay (first-order reaction) by a steady-state term. The
transient term has negligible effect on the terminal portion
of the curve. For a value of ky/k, of 4, a 25% increase in k,
results in a 6.25% decrease in the value of the steady-state
term. The observed decrease was about 6%.

Table I summarizes the kinetic constants estimated by the
several methods. The agreement with the experimental
finding is generally good. For instance, from Figure 5 the type
II crossover occurred at 124 s. The estimates of ¢;; ranged from
127 to 145 s. In the latter case, it will be seen that Method
C generally overestimated the various times. One would have
expected Method C, the nonlinear least squares, to provide

Table I. Estimation of Kinetic Constants

method of estimation®
meas-

ured A A B C D
ky(s7") 0.0061 0.0060 0.0061
k,(s7') 0.0205 0.0226
A(s) 223 183
tp (s) 78 78 78
derived
kilk, 4.1 3.9 3.8 3.4 3.7
ty (s) = 210 216 227 218
ty(s) 133 127 131 145 134
tip (s) 194 = 187 197 189
tp (s) = = = 85 79

9 The method of estimation denotes the particular ex-
perimental manipulations. In Method A}, one measures
the time at which the rate of reaction is a maximum and
also the time at which the reaction curves intersect for
variations in &, (see point A of Figure 3). Method Ay is
like A except that both &, and k, are varied keeping their
ratio constant (see point A of Figure 4). In Method B,
one measures the time at which the rate of reaction is a
maximum and also estimates k, from the terminal slope
of a semilog plot of the reaction data (see Figure 5). In
Method C, one fits the absorbance data by a nonlinear
least-squares routine. In Method D, one estimates k, as
in Method B and also estimates k, by observing the reac-
tion of the intermediate substance (see curve 4 of Figure
5). See text for full description of methods.

better agreement since the maximum deviation between the
measured and fitted absorbance was only 1.6 milliabsorbance.
It may be that the method was adversely affected by early
measurements before the reaction mixture was fully tem-
perature equilibrated.

DISCUSSION

In the design of an assay for a substance by kinetic methods,
a great many factors have a bearing on the selection of
conditions. The optimization, presented here, presumes that
variations in the rate constants (enzymatic activities) are a
dominant source of error. Depending on the rate constant
which is most subject to variation, conditions can be selected
that substantially minimize the effects of such variation. In
the selection of those conditions, the optimization theory
provided the time at which the rate measurement should be
made. If that time were, for example, 10 min and it was
desired to complete the analysis in 2 min, then both rate
constants (amount of enzyme) would simply be increased by
a factor of 5. It may be observed from Figure 4 or 5 that, for



a fixed analysis time, the amount of enzyme required for the
optimized method is greater than that for the maximal velocity
criteria (approximating an initial rate measurement) yet less
than that for the end-point criteria (99% complete at 5 time
constants).

In the one-step kinetic analysis described by Atwood, the
rate of reaction at the optimum time was only 37% of the
initial rate. Even so, that rate was the greatest rate which
could be achieved at a nonzero measurement time. More or
less enzyme would have given a smaller rate. By way of
contrast, the coupled kinetic analysis exhibits a peak rate at
some time after initiation of the reaction and the rate of
reaction at the optimum time can range from 37% to 100%
of that peak rate. For instance, when k,/k, is greater than
5 to 10, the optimum time of type I or III, will give ap-
proximately 37% of the peak velocity, whereas a Type II
condition will approach 100%. When the rate constants are
approximately equal, then the velocity at the optimum time
will be approximately 75% of the peak velocity in all types
of optimization.

It is observed from Figure 1 that the various optimum times
converge when the rate constants are equal. Under those
conditions, there are minimum errors resulting from variation
of ky or ky or any combination of them. This is in contrast
to other conditions where, for example, selection of a Type
III optimum time sacrifices the suppression of errors due to
variation in k, alone. However, that sacrifice will be small
for ky/k, greater than 10 or less than 2. While the selection
of equal rate constants is a generally desirable condition, other
conditions might be dictated by cost consideration. Thus, less
of the expensive enzyme and more of the other enzyme would
be used. This strategy generally leads to amounts of enzyme
proportioned for equal cost and the ratio, ko/k), is thus fixed.
The actual amounts of enzyme are set by the choice of analysis
time.

It has been customary to make k, greater than k;, and the
theory so far has only considered k, equal to or greater than
k,. However, the symmetry of the differential equations is
such that the same curve would be generated for ky/k, = 4
as for ky/ky =/, For this case (ky/k, = 0.25), the optimum
time would be obtained from Figure 1 by choosing a value of
4 for the ratio of rate constants and using the corresponding
value of Ty if error from k; is to be minimized, Ty if error from
ky is to be minimized, and Ty for simultaneous variations.
The actual time will be calculated as from the relations; T}
= katy, Ty = koty, and Ty = koty.

Of the various methods for determining the optimal time,
Method A offers particular advantage because it is not
necessary that the upside and downside variations be equal.
For example, if it were expected that an increase in k, could
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be expected b of endog in some p
then the time of crossover between the nominal and excep-
tional sample could be chosen.

It is customary to calibrate enzymatic measurements of
substrate. Even though the actual time of measurement may
be far from optimum, the results will be without error if the
conditions do not vary. The consequence of non-optimum
conditions is only to make the analysis more sensitive to
variation in conditions. It is fortunate that the optimum time
need not be known with great precision since the results of
Table 1 exhibit a considerable range of estimates for the
various optimal times.

The measurement of urea under the conditions presented
here was taken as an example that would be a serviceable
assay. Nevertheless the conditions could be modified for the
sake of cost and convenience without sacrifice in quality. The
anticipated changes would reduce the amount of glutamate
dehydrogenase by a factor of two and increase the amount
of urease by a factor of two. This would make the rate
constants approximately equal. Another set of experiments
could be performed to verify that the expected conditions had
been achieved. Then, possibly, the amount of both enzymes
might be increased to move the optimum time to about 2 min,
which time is long (to reduce the required amount of enzymes)
but not affecting throughput of the centrifugal analyzer (whose
sample loader limits the throughput to at least a 3-min cycle).

Extensions of the theory presented here could consider
additional coupling steps. Also, wide time intervals for the
measurement of the rate deserves consideration. It is not
necessary that the reaction be enzyme catalyzed, but only that
it be first- or pseudo-first-order in each step. Furthermore,
the coupling step is mathematically equivalent to an RC filter
used in analog rate measurements; hence the optimum time
for the measurement of a first-order reaction by an analog
ratemeter can be determined. Nevertheless, the point made
here is that coupled kinetic assays for substrate can be made
less subject to errors in a straightforward manner.
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Determination of Individual Ubiquinone Homologues by Mass
Spectrometry and High Performance Liquid Chromatography
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q gues In val animal tissues (liver, kidney,
heart, and spleen) were determined by direct inlet selected
fon itoring. Samples were prepared by extraction,
after treating with lipase to eliminate substances that might
interfere with the analysis. The detection limit by direct inlet

lected lon ing for ubiquii 10 was 0.1 ng. The
same samples were also subjected to high performance liquid
chromatography and results of this latter analysis were in good
agreement with results by direct Inlet selected ion monitoring.

The biological significance of ubiquinone as a redox carrier
in the respiratory chain has been well established (). Further,
from a physiological standpoint, it was reported that localized
deficiencies of ubiquinone occurred in the gingiva of patients
with periodontal diseases (2), in human heart disease (3), and
in leucocytes of patients with essential hypertension (4). The
test was performed by measuring the variation of specific
activity of succinate-dehydrogenase ubiquinone reductase in
tissues (5). However, the quantitative analysis of ubiquinone
has not been described in these cases. This may be due partly
to the fact that a practical and reliable procedure for analysis
of ubiquinone homologues in biological samples had not been
developed.

However, a number of studies have been carried out on the
quantitative analysis of ubiquinone homologues (i.e., ubi-
quinone-n, with n representing the number of isoprenoid side
chains, hereafter, simply as Q-n) widely occurring in animals
and plants. A survey of the occurrence of ubiquinone in
various vertebrates has been reported (6). Ramasarma (7)
described a comprehensive review of the analytical data in
animal tissues, plants, and microorganisms. As a conventional
method for the determination of total Q-n, spectrophotometric
analysis (8), which is based on the difference in absorbancy
of the oxidized and reduced ubiquinone at 275 nm or a
modified Craven test (8), has been used. Since each of these
methods utilizes the quinone nuclei as the analytical principle,
they do not give satisfactory results for determination of
individual homologues of ubiquinone. Casey et al. (9) de-
veloped a method using reverse-phase paper chromatography.
It consists of direct estimation of individual spots developed
on the paper by densitometry. The Q-n concentration (in
human blood) is also being analyzed (10) by electron capture
gas chromatography.

To develop a sensitive and simple method, the present
authors attempted to determine individual ubiquinone ho-
mologues in various tissues of animals and human blood by
direct inlet selected ion monitoring (DI-SIM) (11, 12), which
recently drew attention as a means of microanalysis, for the
determination of individual ubiquinone homologues in animal
tissues and human plasma. Additionally, determination was
made by high performance liquid chromatography (HPLC)
(13, 14) to compare the results of both methods. For the
pretreatment of samples, in place of a conventional strong
alkali saponification method, a milder enzymic hydrolysis
using lipase was employed.

EXPERIMENTAL

Standards. All-trans standard samples (Qyq, Qq, and Qg) were
prepared by condensing a boric acid ester of 2,3-dimethoxy-5-
methyl-1,4-benzohydroquinone with decaprenol (or isodecaprenol),
solanesol, octaprenol, respectively, and oxidizing the resultant
borate with Ag,0 (15). DI-SIM internal standard 2,3-dimeth-
oxy-5-methyl-6-3',7",11",15,19’,23’,27’,31",35’,39"-decamethyl-
tetracontanyl benzoquinone (hereafter referred to as IS-1) was
prepared by catalytic reduction of Q, with a Pd-C catalyst,
followed by oxidation with PbO, (10). HPLC internal standard
2,3,5-trimethyl-6-decaprenyl-1,4-benzoquinone (16) (hereafter
referred to as 1S-2) was prepared by condensing a boric acid ester
of 2,3,5-trimethyl-1,4-benzohydroquinone with decaprenol (or
isodecaprenol), and oxidizing the resultant borate with Ag,0.

Humans and Animals. Humans. Ten healthy males (28 to
43 years of age, weighing 58 to 79 kg) were used.

Mice. Five- to six-week-old female ICR/JCL mice were
purchased from CLEA Japan Inc., Tokyo. They were maintained
on a NMF (Oriental Yeast Co., Tokyo) pellet diet for two weeks
and mice weighing about 22 g were used in the present study.

Guinea Pigs. Healthy three-month-old males and females were
maintained for two weeks on an ORC-4 diet (Oriental Yeast Co.,
Tokyo). The weights were about 250 g when used.

Beagles. Twenty-four- to thirty-eight-month-old males and
females were maintained on a CD-1 diet (CLEA Japan Inc.,
Tokyo). The weights were about 10 kg.

Rats. Fifteen-week-old male and female Sprague-Dawley rats
were maintained for three weeks on a CE-2 diet (CLEA Japan
Inc., Tokyo).

Pretreatment of the Samples. One to two mL of plasma was
placed in a Pyrex glass test tube and 2.0 ug of IS-1 was added.
To the mixture 2 mL of 1% pancreatin (Sigma Chemical
Company) solution and 0.2 mL of 4% sodium taurocholate (BDH
Chemicals Ltd.) solution were added. Subsequently, the solution
was incubated at 37 °C for 2 h. Then 5 mL of ether was added
and the mixture was sufficiently shaken and centrifuged. The
ether phase was collected in a Pyrex glass test tube. This ex-
traction procedure was repeated three times. The sample was
evaporated to dryness under reduced pressure. The resultant
residue was dissolved in 0.2-0.5 mL of ethyl acetate.

Sample pretreatment in a quantitative analysis of Q-n in tissues
was as follows. The rats were decapitated, the liver removed, and
a portion of the liver (about 0.5 to 2 g of wet liver) was homo-
genized in a Potter Elvehjem homogenizer. The homogenate thus
obtained ‘vas treated in the same manner as pretreatment of the
plasma sample mentioned above. Extraction with ether was
repeated three times to ensure complete extraction of IS and Q-n.

The homogenized tissues were kept in a freezer and an aliquot
of the hon ogenate was used for determination. The determination
errors in (ne day and between days were examined. Such errors
in the DI.SIM were within £5%. Following the present ex-
perimenta; procedure, it was observed that the relative recovery
ratio of Q-n and IS-1 from the plasma and organs were almost
100%.

Direct Inlet Selected Ion Monitoring. The instruments used
were a JEQL JMS-D100 and JMS-D300, both with a magnetic
sector.  For JMS-D300 equipment, the computer system
(JMA-20(9, JEOL, Tokyo) was attached to ascertain the con-
taminatior of interfering substances. This computer system is
specially cesigned to detect minute amounts of interfering
substances'in biological samples. Measuring conditions were as
follows, ion'zing current, 300 uA,; ionizing voltage, 25 eV; chamber
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Table I. Relative Intensities of Parent Ion Peaks of
Ubiquinone Homologues and Internal Standards

ionizing voltage

Qn m/e 70eV 30 eV
Q. 728 60 64
Q 796 31 33
i 864 22 24
181 882 100° 100°
IS-2 832 26 28

@ Arbitrarily assigned.

Table II. Comparison of Human Plasma Level
Determined by DI-SIM or Craven Test

. DI-SIM Craven test,
subject ug/mL pg/mL

| 1.35 + 0.11¢ 1.41+ 0.36

2 1.26 + 0.09 1.15+ 0.23

3 1.04 + 0.11 1.03 ¢+ 0.17

@ Mean +SEM for three determinations for a sample.

temperature, 200 °C; probe temperature programmed from 150
to 270 °C; measuring SIM: Qg, m/e 796 [M + 2]*; Q,, m/e 864
[M + 2]* 1S-1, m/e 882 [M]*; IS-2, m/e 832 [M + 2]*. The
appearance of parent ion peaks of ubiquinone homologues and
internal standards under two ionizing voltage conditions is shown
in Table 1.

The extract was dissolved in 1 to 5 uL of ethyl acetate, the
presumed content of Qo being 0.1-100 ng. At this point, the
solution was placed in a glass capillary, which was heated with
a drier to evaporate the solvent. A standard sample for a cali-
bration curve was prepared by adding cholesterol in the amount
of 1 to 5%. The cholesterol was added only in the standard
samples to stabilize evaporation of ubiquinone homologues and
to obtain a typical SIM pattern. In such a case, high repro-
ducibility was easily obtained and a linear calibration curve was
obtained.

High Performance Liquid Chromatography. Chroma-
tography was performed on a Shimadzu LC-1 pumping system,
Shimadzu SPD-1 (scanning UV detector) and UVD-1 (254-nm
UV detector). The column was a Shimadzu-Du Pont “permaphase
ODS" (1 m X 2.1 mm, particle size: 30 um). A solution of degassed
spectroquality methanol (HPLC grade, Wako Chemicals, Osaka)
and distilled water was used as the gradient-elution mobile phase
programmed for a linear 1% per minute increase in methanol
concentration from a starting mixture of 80/20 (v/v) metha-
nol/water taken to 100% methanol. The measuring temperature
was 45 °C. A 1000-psi head was developed at a flow rate of 1
mL/min. Column effluent was monitored at 254 nm (UVD-1)
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Figure 1. Direct inlet ion ing (DI-SIM) of Q.
Q0. and the internal standard (IS-1). Measuring conditions: ionizing
current, 300 pA; ionizing voltage, 25 eV; chamber temperature, 200
°C; sample temperature, from 150 to 270 °C. uring mass
fragrr[\en]t; Q,, m/e796 [M+ 2]*; Q. m/e 864 [M + 2]*; I1S-1, m/e
882 [M

and 275 nm (SPD-1). The purpose of using two differential UV
detectors was to investigate interfering substances in more detail.

RESULT AND DISCUSSION

The SIM spectrum of a standard sample is shown in Figure
1 and the chromatogram of a standard sample of HPLC
analysis is shown in Figure 2.

The analysis of Qo in human plasma was carried out by
DI-SIM and Craven test (17). The results obtained by the
two methods are shown in Table II.

The range for the 10 individuals by DI-SIM was from 0.28
to 1.63 ug/mL and the average was 0.85 ug/mL.

Analysis of DI-SIM and HPLC on individual animal tissues
is shown in Table ITI. Results of analytical values by DI-SIM,
Craven test, and HPLC were almost in agreement (Tables II
and III).

For pretreatment of samples, a conventional method of
alkali saponification could not entirely eliminate substances
that interferred with the analysis (such as triglyceride-like
compounds) by the DI-SIM. Treatment with lipase removed
this difficulty. The effectiveness of the lipase pretreatment
was clearly shown on the SIM pattern of extracts of tissue
samples. Using DI-SIM and HPLC analysis, measurements
were made for the various animal tissues. In all cases, using

Table III. Occurrence of Ubiquinone-9 and -10 in Animal Tissues®

DI-SIM HPLC
animal tissue Q. Q. Q, Qi
mouse liver 87.5 + 18.4 (6)° 6 2.4(4) 83.5 + 8.3(4) 5.6 + 2.3 (4)
kidney 321.5 + 26.1 (6) 29. 6.5 (4) 298.0 + 35.1 (4) 26.7 + 4.1 (4)
heart 151.0 + 18.6 (6) 19. 2.9 (5)
spleen 24.5 + 4.6 (6) D&
thymus 77.5+ 27.0(5) 28.7 + 11.0 (5)
rat liver 148.5 + 18.7 (3) 169.2 + 85.1 (15)
kidney 103.2 + 22.9 (3) 128.2 + 47.2 (15)
guinea pig liver 77.5+ 7.5 (18) 4.5+ 2.0 (18) 79.7+ 7.9 (18)
kidney 230.7 + 10.5 (18) trace 224.5 + 10.0 (18)
heart 220.5 + 8.6 (18) trace 227.8 + 8.4 (18)
rabbit liver 77.8 + 10.6 (4)
kidney 147.7 + 12.8 (4)
beagle dog liver 145. 14.8 (5) trace 138.3 : 13.9(5)
kidney 185. 13.6 (5) trace 177.7 = 14.0 (5)
mongrel dog liver 13.8 + 3.2 (4) 142.4 + 29.7 (4)
kidney trace 213.5 + 33.9 (4)

@ ug/g wet tissue (mean + SEM). b Figures in the parentheses represent number of animals. € N.D.: not detectable.
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1S-2

min
Figure 2. HPLC of standard Q-n. Measuring conditions: column,
Permaphase ODS 1 m X 2.1 mm i.d.; mobile phase, MeOH (HPLC
grade)-water (pH 5.0-7.0); gradient, 80/20-100/0 (MeOH/H,0); flow
rate, 1 mL/min (70 kg/cm?); temperature, 45 °C; measuring wave-
lengths, 254 nm (UVD-1) and 275 nm (SPD-1)

either one or the other of the two methods, consistently
reproducible results were obtained (Table III).

In order to be sure of the results of the HPLC analysis, two
types of detectors (SPD-1 and UVD-1) were attached to the
HPLC apparatus and the measurements were made at two
different wavelengths (275 and 254 nm). The analytical results
obtained were always the same for the two wavelengths. This
fact means that the analytical data obtained are not disturbed
by contaminants.

In the DI-SIM analysis, a check was also made by mass
chromatography (JEOL model JMS D-300 with computer
system). By use of a mass chromatography analysis, it was
possible to confirm the adequacy of the established quan-
titative analytical procedure with DI-SIM. A comparative
study of the DI-SIM method and Craven test method was
made using normal human plasma as the sample (Table II).
The results obtained showed good compatibility of the
ubiquinone concentration.

Theoretically, in the DI-SIM analysis, the number of si-
multaneous determinations of individual ubiquinone ho-
mologues is permitted in accordance with the channel number
of the multi-ion detector in the apparatus.

In studying the physiological role of ubiquinone in tissues
or blood, it is necessary to determine the concentration of
individual homologues in the mixture in a quantitative
manner. Although this can be accomplished by several
methods (8, 9, 17), these procedures require large amounts
of samples. However, our method is a practical recom-
mendation for quantitative analysis of individual ubiquinone
higher than Qg homologues, which are widely distributed in
small amounts in the animal and vegetable kingdom.
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Stoichiometry of the Reaction of Electrons with
Bromotrichloromethane in an Electron Capture Detector

E. P. Grimsrud* and S. H. Kim
Department of Chemistry, M

State University, B M

A detailed study of the reactions of CCl,Br with electrons and
positive ions under conditions existing in an electron capture
detector (ECD) is reported. Measurements of ions by at-
mospheric pressure ionization mass spectrometry (APIMS)
indicate that each CCl;Br molecule which undergoes elect
caplure removes only one electron and the resulting neutral
products do not undergo further electron attachment to a
significant extent. Also, under the condition where electrons
are In abundance In the ECD, it is shown that no significant
loss of CCl,Br due to reaction with positive ions occurs. These
results lend fundamental support to assumptions of chemical
reactivity inherent in the use of the ECD as a gas-phase
coulometer.

The electron capture detector (ECD) responds sufficiently
sensitively to certain halogen-containing compounds as to
cause nearly 100% ionization of these within this detector in
their analyses by gas chromatography. This observation has
prompted several investigations of the use of the ECD as a
gas-phase coulometer (1-3) in which the number of electrons
lost as measured simply from ECD peak areas was reported
to be nearly equal to the number of sample molecules passed
through the cell for compounds such as SFg, CCly, CFCl,, and
CF,Br,. The successful application of this form of gas-phase
coulometry to these and perhaps to other strongly ECD-active
compounds would provide an extremely useful method for
trace analysis because of the considerable difficulty incurred
in preparing reliable calibration standards at environmental
concentration levels.

If the ECD is to be made to function successfully as a gas
phase coulometer, several individual criteria of the overall
method might be envisioned. These would include at least
the following: (1) Electrons must be in excess of sample
molecules. (2) The electron capture reaction must be nearly
complete (nearly 100% destruction of sample molecules). (3)
The stoichiometry of the reaction of thermal electrons with
the sample molecules must be 1:1 (or some other known ratio).
(4) No side reactions of the sample molecule may occur. (5)
The current monitored from the ECD must reflect the ab-
solute magnitude of electrons present in the entire ECD cell,
and an ECD response must reflect absolutely the loss of these
electrons to EC reactions. In previous studies of gas-phase
coulometry (I-3), experiments were designed to test the
apparent overall validity of the method by comparing an
observed response with a known amount of sample passed
through the cell. Also, with the instrumentation available in
the previous studies, requirements 1 and 2 could be indi-
vidually examined. By the use of tandem ECDs it was
convincingly demonstrated that strongly ECD-active com-
pounds are nearly completely consumed by the electron
capture reactions within the first detector.

While these initial tests of gas phase coulometry are en-
couraging, it nevertheless remains desirable to examine in-
dividually the remaining criteria of this technique. From
experiments we have recently reported (4), it might be ex-

59717

pected that requirement 5 is not precisely satisfied with at
least some ECD cell designs. We have shown that the cell
current obtained from a pulsed ECD of the concentric pin
design may be significantly reduced because of the migration
of positive ions to the sampling anode pin during the period
between voltage pulses. For our cell conditions, this positive
ion component of the net current was shown to be about 28%.
Another potential complication of requirement 5 may be
positive ion-electron recombination which has recently been
suggested as an important electron loss mechanism within the
ECD (5). It appears, therefore, that requirement 5 of gas-
phase coulometry warrants further individual study. In this
article we wish to report experiments designed to test the
chemical reactivity requirements 3 and 4, individually. This
is done by measuring the negative ions produced by the
electron capture reactions of CCl;Br and the positive ions
formed by competitive ion-molecule reactions. The mass
spectrometer used is a specialized atmospheric pressure
ionization mass spectrometer (APIMS) where its ion source
is an actual ECD.

EXPERIMENTAL

The ECD/APIMS instrument used for this study was
home-built and has been described in detail previously (4, 6). This
instrument is essentially an atmospheric pressure ionization mass
spectrometer (7) where the ion source has an internal volume (1
cm®) typical of ®Ni ECDs and includes a coaxial pin which serves
as the ECD anode. With this instrument, the ECD response to
an electron capturing compound can be monitored along with mass
spectral measurement of the ions simultaneously formed in the
source, as shown in Figures 1 and 2. We have shown previously,
however, that the application of voltage pulses to the anode pin
can adversely affect the intensity of negative ion signals si-
multaneously monitored (4). The cause of this interdependence
is not that negative ions are destroyed or chemically altered by
the field, but is thought to be due to the creation of a positive
ion, space-charge field after the removal of electrons by individual
voltage pulses, and the subsequent containment of negative ions
within this positive-ion cloud (4). With no fields applied to the
ion source, charge neutrality exists throughout the ion source (5)
and the negative ions formed by electron capture reactions can
be observed even in the small sample condition. For this reason,
the measurement of negative ions within the ECD was always
made during separate, repeated GC analyses with the ECD
function of the ion source turned off. All ECD current mea-
surements reported here were obtained by applying to the anode
+48-volt pulses of 1.5-us width and frequency 550 Hz. The ECD
current shown in Figures 1 and 2 is the total unprocessed current.
The standing current observed with this configuration was about
1.0 nA.

Mass spectral measurements in all cases were made with the
resolution sufficiently relaxed so that the ion current due to the
entire group of halogen isotope clusters in a given measurement
was monitored. In the determination of the relative Cl- and Br
ion concentrations reported in Tables I and II, the measured ion
intensity ratios such as shown in Figure 1 were corrected for mass
bias of the overall mass spectrometer system. This correction
factor was determined by measuring the intensities of Cl~ and
Br™ produced by the addition of conti ly larger les of
C,Cl; and CH,CICH,Br until a saturated condition of the ion
source was observed. It was found that at saturation with
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CH,CICH,Br, the Br- signal is 2.0 times greater than the Cl signal
at saturation with C,Cl,. In each case, these were the only ions
of significant intensity observed. Assuming that at saturation,
all of the finite number of electrons within the source are converted
to these negative ions, the overall mass spectrometer system was
deduced to be 2.0 times more sensitive to Br- than Cl. The
measured intensity ratio of Br to Cl divided by 2.0, was, therefore,
taken as a measure of the ratio of Br to CI” concentration within
the ion source. The precise cause of the mass bias is unknown.
It has been shown (5) that positive ion-negative ion recombination
will be a major loss mechanism for negative ions within an API
source. Thus, a difference in the recombination rates of Cl and
Br~ would contribute to the overall measured bias. In the above
experiments, however, we have also monitored the total posi-
tive-ion signal and observed no significant differences between
the CI" saturated and Br- saturated cases. If recombination rates
differed, this should have been reflected in the positive-ion signal,
and we tentatively conclude that this is not the cause of the ion
measurement bias. With our instrument (6), only a very small
fraction of the total number of ions present in the expanding gas
stream emitted from the source enters the quadrupole mass
analyzer. It seems likely that it is in this gas expansion region
(where a few relatively inefficient ion focusing lenses are located),
that the ion measurement bias occurs. Whatever the cause of
this bias, the above procedure should provide the correction
necessary so that a measure of Cl” and Br™ production rates within
the source are obtained. Furthermore, any small errors introduced
by this procedure do not alter the conclusions to be drawn here.

The gas chromatograph used in an Aerograph Autoprep A-700.
The GC column was made from /g in. X 10 ft stainless steel tubing
packed with 10% SF-96 on Chromosorb W. The oven tem-
peratures used were from 25 to 50 °C. The carrier gas was
ultrahigh purity nitrogen (Matheson) which was further purified
by passing it through a trap containing CaSO, and 5A molecular
sieve. A heated, !/g-in. stainless tube connected the GC to the
ECD/APIMS.

Samples were prepared by the successive dilution of the
compounds of interest (purchased from commercial suppliers)
into hexane. These were injected into the sampling port of the
GC with a 1-uL syringe. Repeated injections were reproducible
to within £5%.

RESULTS AND DISCUSSION

In investigating the validity of requirement 3 of gas-phase
coulometry, CCl,Br provides an ideal molecule for study with
our ECD/APIMS because the relative amounts of Br and Cl-
produced in its reaction with electrons will reflect details of
the overall mechanism. Since CCl, has been shown to possess
a very high ionization efficiency within the coulometric ECD,
CCl;Br might also be expected to be of the type susceptible
to complete reaction (8). Furthermore, since the mechanism
of electron capture by CCl, and CCl3Br might be expected
to be dissociative electron capture yielding a halide ion (9)
and it is known that brominated molecules undergo electron
capture more readily than chlorinated molecules (8), the
neutral fragment produced most abundantly in each case is
probably CCl;. Thus, the tests of requirement 3 for the case
of CCl3Br probably apply also to CCl,.

A likely first step in the electron capture by CCl,Br is
reaction 1, producing Br.

e + CClyBr — Br + CCl, )

If this reaction is followed by further electron capture reactions
of any of the neutral products, such as reaction 2

e+ CCl; — CI" + CCl, (2)

which will be accompanied by the production of Cl ions, a
nonequivalent relationship between electrons consumed and
molecules of CCl;Br consumed would be expected. The
relative importance of reaction 2 can be tested by measuring
the abundances of Br™ and CI" in the ion source. In Figure
1 are shown ECD/APIMS chromatograms of several CCl;Br
samples where the amount of sample is varied from 2 X 108

a b [« d e
MY T
‘ \

Figure 1. ECD/APIMS analyses of CCl,Br where the EC response and
the Br~ and CI ion signals are monitored for sample sizes (a) 2 X 10~®
g.(b)2X 10°g,(c)2X 107g, (d)2 X 10" g, and (e) 2 X 10°"2
g. lon source temperature is 250 °C, carrier gas flow rate 50 mL min™'

Table 1. Ratio of Br™ to C1” Formed in Electron Capture
by CCl,Br

temp- flow
erature, rate, sample size,
C mL/min g Br /CI @
150 50 2x 1072 ~3.2
2:% 1074 3.8
2ix 1077 3.8
2x 107" 3.5
2% 107 3.5
250 50 2% 10~ 3.8
2x 107" 3.6
2% 107° 3.7
2. 10" 4.1
300 50 2k, 10742 3.9
250 75 2x 107'° 3.5
50 4.0
36 3.6
18 4.2

% Jon concentration ratios are obtained from measured
mass spectral ion signal ratios and are corrected for mass
spectral bias effects as described in the Experimental
section.

to 2 X 10 g. The two samples of highest concentration cause
saturation of the ECD and the three lower concentrations
cause progressively smaller responses until, in chromatogram
e, the condition for coulometry that electrons be in excess of
sample is clearly met. For all sample sizes, Br and Cl
negative ions, and no others, were observed. The similarity
of total ion intensities observed in chromatograms a and b
of Figure 1 reflect the saturated condition where all available
electrons have reacted to form Cl” and Br™ ions. The decrease
in total ion intensity from chromatogram c to e appears to
be in harmony with the corresponding ECD responses. The
indicated presence of Cl in Figure 1 may on first consideration
suggest that reaction 2 does occur to some significant extent
following reaction 1. On closer inspection, however, it is noted
that the ratio of Br™ to Cl” signals appears to be constant,
about 8 to 1, in all cases. After correction for mass spectral
bias, the ratio of Br™ to Cl” concentration is about 4 to 1.
Furthermore, as shown in Table I at the same temperature,
250 °C, with different carrier gas flow rates, the ratio of Br-



to CI” produced is also close to 4 to 1 in all cases. The
measured amounts of Br and Cl are also insensitive to
variations in temperature to 150 and 300 °C. If it is assumed
for the moment that Cl" is generated from reaction 2, these
results suggest the unlikely occurrence that only one and
always one out of four CCl, radicals produced by reaction 1
undergoes electron attachment for all concentrations of
CCl3Br, for all flow rates, and at all temperatures. The relative
amounts of Br™ and Cl” which might be expected from the
model comprised of reactions 1 and 2 can be calculated from
the following coupled rate equations:

dng,
i kynenceyse — Rnamg, (3a)
dng
a - kanencer, = Rnaney (3b)
dnccy,

F
ar - kmencewe kamencer, - e, (30)

where the terms 7; are the number of densities of the indicated
species i,7, is the total positive ion density, k, and k, are the
rates of reactions 1 and 2, R is the rate constant for positive
ion-negative ion recombination, F is the carrier gas flow rate,
and V is the detector volume. The rate Equations 3a and 3b
ignore the contribution to loss of Cl and Br~ due to diffusion
to walls and ventilation through the detector, since these have
been shown to be insignificant relative to ion recombination
within an API source (5). Loss of CCly by ventilation is
included as the last term in Equation 3c. If the steady-state
approximation is applied to reactions 3a-c¢, Equation 4 is
obtained.

n
2o+
ner Vkyn,

(4)

Since the observed ratio of ng,-/nc;- equals about 4, the
second term in Equation 4 must be considered important if
this model is valid. This term, however, varies with flow rate
and also with 5, which, in the experiments here, has been
varied by changing the sample size. Since the measured ratio
of Br™ to CI” has been shown to be insensitive to changes in
both the sample size and carrier gas flow rate, it appears that
reaction 2 is not producing the Cl ion observed. Furthermore,
any reaction scheme in which CCl; changes to another neutral
molecule which then undergoes electron capture to produce
Cl will also be inconsistent with the observed Br to Cl" ratios.

An alternative description of the electron capture reaction
of CCl;Br might be envisioned in which reaction 1 is modified
slightly to allow the formation of Cl" competitively with Br,
as shown in reaction 5.

L Br+CCl, (a)

e + CCl,Br (®)
~ Gl + CCl,Br (b)

Reaction 5a should be faster than reaction 5b, since reaction
5a is more exothermic than 5b by about 14 keal (calculated
from the electron affinities of Br and CI, 78 and 83 kcal (10),
respectively, and the bond dissociation energies of the C-Br
and C-Cl bonds in CClyBr, about 54 and 73 kcal (11), re-
spectively). However, if the rupture of a carbon-halogen bond
occurs immediately upon electron attachment to the molecul

(9) and prior to its stabilization by collisions, the route by
which the excited molecular anion falls apart will be only
somewhat sensitive to this energy difference which is small
relative to the excess energy of CCl;Br™ species, probably about
47 keal (10). If reaction 5, alone, produces the Br™ and CI”
ions observed, this would explain the insensitivity of the
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Table II. Ratio of Br™ to C1~ Formed in Electron Cap-
ture® by CH, CICH, Br and p-CIC,H,Br

sample size, g Br-/Cl?
CH,CICH,Br 1.7 x 10°*° 8
1.7 x 10~ 9
1.7 X 107 17
1.7 % 1077 26
p-CIC,H,Br 1.7 X 107 >200
1.7 x 107° >200
1.7 % :107? >200

@ Jon source temperature is 250 °C. Carrier gas flow
rate is 50 mL/min. ° Ion concentration ratios are ob-
tained from measured mass spectral ion signals and are
corrected for mass spectral bias effects as described in the
Experimental section.

measured Br™ to CI ratios to variations in CCl;Br concen-
tration and to changes in the carrier gas flow rate and ion
source temperature, since the relative rates in reaction 5 should
be largely independent of these variables. For the same
reasons as put forth in the above consideration of reactions
1 and 2, following reaction 5 no further electron capture by
the neutral products, CCl; and CCl,Br, apparently occurs.
Since reaction 5, alone, provides the only reasonable model
of electron capture events for this molecule that we can
envision which is consistent with the mass spectral mea-
surements, we conclude that it is probably valid. As this
relates to our consideration here of gas-phase coulometry, it
appears that requirement 3 is being met for CCl;Br, and that
the stoichiometry of its reaction with thermal electrons is 1:1.
It may seem surprising that neutral products such as CCl; do
not appear to undergo further electron attachment. Their
electron affinity is nearly as large as the original substrate
molecule (10). Evidently, these do not attach electrons rapidly
or perhaps they are scavenged by carrier gas impurities such
as H,0, O,, hydrocarbons, or column bleed to form other
relatively inactive compounds, such as CHCl; (3). Some of
these impurities will always be in very great excess over
electrons in any practical analysis system. For example,
“‘oxygen-free” nitrogen may easily contain 1 ppm O, or about
10" molecules cm® (or mL™) at one atmosphere pressure. The
electron concentration in the ECD is probably about 10°® cm™
(or mL™) (5), five orders of magnitude less than that of oxygen.

Two other molecules containing both a bromine and
chlorine atom, 1-bromo-2-chloroethane and p-bromochloro-
benzene, were examined in the same manner as CCl3Br to see
if these might add additional insight into the CCl;Br case.
These molecules differ from CCl3Br in that the ECD response
to each is not as great, and only a small fraction of these
molecules is expected to undergo electron capture. The results
are reported in Table II.

For CH,CICH,Br, a sample size of 1.7 X 107'° g was required
before the Cl” ion was ble with ptable precisi
At this sample size, the ratio of Br™ to Cl” produced is observed
to be 8 to 1. If one accounts for the statistical factor that this
molecule has only one chlorine atom while CCl;Br has three,
it would appear that CH,CICH,Br falls apart upon electron
attach ina roughly similar to that of CCl3Br,
without a great deal of sensitivity to the lowest energy
pathway, which in this case favors Br™ production by about
7.5 keal (bond dissociation energies of the C-Br and C-Cl
bonds in this molecule are probably about 69 and 82 kcal (11),
respectively). The observation that the ratio of Br™ to Cl-
increases to about 26 to 1 for the largest sample size of
CH,CICH,Br may upon first consideration be taken to reflect
a mechanism similar to reactions 1 and 2 previously discounted
for CCl3Br, where reaction 1 becomes progressively more
favored over reaction 2 with the addition of excess CH,Cl-
CH,Br. An alternative explanation, however, is that only an
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electron capture reaction similar to reaction 3 again is im-
portant, but that ion molecule reaction 6

CI" + CH,CICH,Br — Br + CH,CICH,Cl  (6)

also occurs and increases the observed Br™ to Cl” ratio under
the condition of very great excess of sample. Nucleophilic
displacement reactions of CI- with aliphatic bromides have
previously been shown to occur with an appreciable rate in
the gas phase (12), and the observed increase in the Br™ to
CI" ratio with increased sample size might have been expected.
A reaction analogous to reaction 6 could also be envisioned
for the case of CCl;Br when the sample is in great excess. No
increase in the Br™ to Cl” ion intensity ratio with large excess
of sample was observed in this case, however, suggesting that
this nucleophilic displacement reaction is not fast for CCl;Br.

The case of p-bromochlorobenzene in Table II differs
greatly from those previously considered in that no ClI" was
detected along with an intense Br™ signal. At the three sample
sizes indicated in Table II, a minimum ratio of Br™ to Cl” was
estimated to be about 200 to 1. A search for other electron
capture products of this compound, such as the M, M - Cl
+ 0, and M - Br + O negative ions (13), revealed none of
these. The much higher ratio of Br to CI observed for
p-bromochlorobenzene probably reflects a greater lifetime of
its molecular anion formed by the initial electron capture
reaction prior to its irreversible dissociation (8), as suggested
in reaction 7.

L Br' + C,H,Cl
e~ + CIC,H,Br ~ CIC,H,Br~ )
™ ¢l" + C,H,Br

If the initial CIC¢H,Br~ species survives long enough to be
collisionally stabilized, its ultimate decay to Br™ or Cl~ will
be more sensitive to the energy differences of these pathways,
which in this case favors Br~ production by 18 kcal (bond
dissociation energies of the C-Br and C-Cl bonds are probably
about 72 and 95 kcal (9, 11, 14), respectively). In an earlier
ECD study, Wentworth, Becker, and Tung (9) first proposed
this mechanism for the aromatic halides. It is reasonable to
expect that the lifetime of excited aromatic molecular anions
is longer than that of the aliphatic molecular anions, and,
furthermore, molecular negative ions of some polychlorinated
aromatic molecules have actually been observed by APIMS
(13) whereas those of aliphatic chlorocarbons have not.

In considering requirement 4 of gas-phase coulometry, one
might suspect that positive ion—-molecule reactions may
constitute the most likely cause of a side reaction with the
sample molecule. Siegle and Fite have shown (15), for ex-
ample, that positive ions of CF,Cl, are readily produced in
the ®Ni ionization source of an APIMS. Also, we have
frequently observed in studies of ECD-active compounds, such
as p-chloronitrobenzene (4), that positive ions of the sample
molecule can be formed more readily than the negative ions.
In Figure 2 are shown chromatograms of CCl;Br where the
two largest positive ions detected for this molecule, CCl;* and
CCl,Br*, are shown along with the Br~ ion for comparison.
In all cases, the positive ion signals are weaker than the Br-
ion signal. In chromatogram c of Figure 2, the positive ion
signals are only barely perceivable over the noise levels for
this lower sample size where electrons are clearly in abundance
within the ion source. This favorable result might have been
expected from the consideration that the fastest ion-molecule
reactions exhibit rate constants near 1 X 10 cm?® s (16) while
rates for electron capture may be as high as 4 X 107 cm®s™!
(17), or 400 times greater. The fact that positive ions are
observed in chromatogram b, however, where the ECD re-
sponse is just short of complete saturation suggests that the
positive ion-molecule reactions of CCl3Br are almost com-
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Figure 2. ECD/APIMS analyses of CCl,Br where the EC response and
the ion signals due to CBrCl,*, CCIe‘. and Br- are monitored for sample
sizes (a) 2 X 10 g, (b) 2 X 1079 g, and (c) 2 X 10""' g. Ion source
temperature is 250 °C and carrier gas flow rate 50 mL min~!
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Figure 3. Mass spectrum of positive ions in ECD/APIMS ion source
during no-sample condition. Carrier gas is nitrogen, temperature is 250
°

C

petitive with electron capture in this case, and may therefore,
constitute a point worthy of further concern. In Figure 3 the
spectrum of the positive reactant ions which cause these
ion-molecule reactions is shown to be dominated by three ions.
The ion at m/e 37 is undoubtedly H*(H,0), (15). The ion
at m/e 225 is present only when the GC is attached and is
most likely a column bleed ion. Our column was thoroughly
conditioned and is used at a temperatu:e far below its rated
maximum. Nevertheless, with it a peak m/e 225 in the
positive ion spectrum always appears as do numerous other
smaller positive ion signals at high masses. The ion at m/e
101 is one we have always observed with nitrogen or ar-
gon-methane carrier gas with or without a GC column at-
tached. This ion has not appeared so dominantly in other API
studies (15), and may reflect a contaminant inherent in our
ion source or carrier gas flow system. An ion at m/e 102 about
6% as intense suggests the presence of several carbon atoms



in the m/e 101 ion. As the column temperature is increased,
the ion at m/e 225 increases in intensity at the expense of the
ions at m/e 37 and 101.

Since at least some of these ions are sufficiently reactive
toward CCl;Br as to cause a nearly competitive side reaction,
it may be advisable in some applications of gas phase cou-
lometry to intentionally dope the carrier gas with a substance
which will lead to a less reactive set of reactant positive ions.
Many possibilities come to mind as a result of research in
chemical ionization mass spectrometry (18) where the choice
of carrier gases and dopants is now a well understood variable
in creating a desired positive ion flux. The intentional addition
of water vapor or ammonia, for example, to the carrier gas,
thereby forming the less reactive higher clusters of water or
ammonia, might accomplish this. Of course, care must be
taken to ensure that the dopants, themselves, do not undergo
electron capture reactions and, thereby, damage the ECD base
line. We found in a previous study (19) that at least 10 ppm
(v/v) water vapor can be added to the carrier gas of an ECD
without causing a significant effect on its base line as long as
the carrier gas is relatively free of oxygen. Also, the use of
lower detector temperatures will promote the formation of
larger ion clusters (20).

In summary, the experiments reported here suggest that
requirements 3 and 4 of gas phase coulometry are met for the
case of CCl3Br under our experimental conditions. Because
CCl, and CFClI; are chemically similar, it seems reasonable
that requirements 3 and 4 will also be met for these com-
pounds, to which atmospheric analyses by gas phase coulo-
metry have already been applied (3). The possibility that the
success of requirement 3 and possibly requirement 4 may
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depend on the ional presence of carrier gas
impurities is being investigated further.
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Statistically designed and evaluated factorlal experiments were
used to app h optimum operating conditions for the rubidium
bead type of nitrogen—phosph gas graphic de-
tector to detect small quantities of nitrogen compounds in a
hydrocarbon matrix, and to study the effects of the operating
varlables. Simplex designs were used to define the optimum
set of conditions. The test variables were hydrogen pre:

alr pressure, and bead heating current. Only two 2° laclorlal

designs and ten simplex vertices were needed to lish
these purp Detect p for 12 nit and 12
hyd b ds were ed with both the ni-

lrogen—phosphorm and flame ionization detectors. The av-
erage value of the ratio of nitrogen to hydrocarbon response
with the nitrogen-sensitive detector was about 1000:1.
Chromatography of several fracti from a chemical ex-
tractive fractionation of a coal liquefaction product oil dem-

t d the discrimation capability of the nitrogen—phos-
phorus detector at optimum conditions.

Division, Oak Ridge National Laboratory, Oak Ridge,

The introduction by Kolb and Bischoff (1) of the thermionic
nitrogen-phosphorus detector (NPD) which uses a rubidium
silicate bead as the alkali source has greatly increased the
capability for detecting nitrogen compounds in mixtures which
may be composed predominately of hydrocarbons. The ef-
fectiveness of the NPD in discriminating between nitrogen-
and nonnitrogen-containing compounds is a function of several
operating variables: bead heating current, jet potential, carrier
gas, air and hydrogen flow, as well as positioning of the bead.
General conditions for the use of the NPD for given situations
have been described (2-5), but as has been suggested (4), each
user should check the performance of each bead before ap-
plying it to his own problem.

The usage of the NPD for the detection of nitrogenous
compounds in a matrix of hydrocarbons gives rise to a
complicated optimization problem. It requires maximizing
the nitrogen response and minimizing the hydrocarbon re-
sponse. Changing the operating variables will generally cause

0003-2700/79/0351-0541$01.00/0 © 1879 American Chemical Society
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both responses to move in the same direction, although,
fortunately, not to the same degree. It is possible to reduce
the hydrocarbon response to zero, but with an accompanying
loss of nitrogen sensitivity that may not be tolerable if the
nitrogen compounds are in very low concentrations. Con-
sequently, for applications of the NPD to problems such as
are addressed here, it is very likely that the operating con-
ditions will have to be some compromise between sensitivity
and discrimination. Single factor experiments (1, 2, 4) for
optimizing operating conditions require taking an adequate
number of data points and drawing a bewildering array of
curves. Because this method does not take interactions among
variables into consideration, results are sometimes ambiguous.
A two-level factorial experiment for three variables measures
responses at the eight different combinations of high and low
levels of each variable (6, 7). A statistical analysis of the
factorial experiments allows numerical evaluation of all single
factor and multifactor effects (7, 8). Factorial designs are
particularly useful for exploratory work to investigate these
effects, and to approach the region of optimum response. As
one nears this area, it may be necessary to go to a more
complicated experimental design which requires more data
points, and a more complex statistical analysis (9). Simplex
designs require initially only one more experimental point than
the number of variables and provide an uncomplicated
procedure for reaching optimization in easy steps and with
simple arithmetic (10, 11). A combination of factorial designs
to evaluate the important variables and simplex designs to
reach the optimum response yields a sophisticated, yet simple
and quick, solution to optimization problems.

In the work described below, the combined use of factorial
and simplex experimental designs for the optimization of the
NPD operating variables is discussed, and the applicability
of the NPD to the detection of nitrogen compounds in
fractions of a coal liquefaction product oil is illustrated.

EXPERIMENTAL

Materials. The hydrocarbon and nitrogen standard com-
pounds were obtained at the highest available purity from
commercial suppliers. Benzene solutions of these compounds in
the range of 2 to 10 mg/mL were prepared. The few compounds
that were not readily soluble in benzene were dissolved in re-
distilled tetrahydrofuran. Working solutions were 1 mg/mL
dilutions of the standard solutions. In order to demonstrate
discrimation between compound type, a synthetic sample was
prepared which contained 1 mg/mL of each of 12 hydrocarbons
and 0.1 mg/mL of each of 12 nitrogen compounds.

Factorial Design. The design for a factorial experiment and
the high and low values assigned to the three test variables for
two different experiments are shown in Table IA. Each row of
the table corresponds to a single trial and the entries in the row
designate the value levels of each variable in that trial. Carrier
gas flow was not included with the test variables because of the
tendency for the flow to decrease with increasing temperature
of the columns used in these tests; jet potential was treated as
a constant because its effect on sensitivity and discrimination is
described in the manufacturer’s literature; bead position which
could not be quantified, was set according to the manufacturer’s
instructions and was not changed.

Procedure. The work was carried out with a Perkin-Elmer
Model 3920 gas chromatograph with a Perkin-Elmer Nitro-
gen-Phosphorus Detector in the B channel and a flame ionization
detector (FID) in the A channel. Two glass columns, /g inch by
about 12 feet, packed with 3% Dexsil 400 on 80/100 mesh
Chromosorb W, were used. The helium carrier flow was regulated
so0 that retention times of the hydrocarbons on each column were
as closely matched as possible. Response of each detector was
tested separately.

For the optimization studies, a benzene solution of 1 mg/mL
each of octadecane and carbazole was used. Aliquots of 2 uL were
chromatographed. Initial oven temperature was 200 °C, with a
2 °C/min rate of increase until the carbazole was completely eluted
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Figure 1. Typical chromatogram from an optimization study. Peak
1, octadecane. Peak 2, carbazole

at ~235 °C. Detector response, as peak area per microgram of
sample injected, was measured for each compound. Standard
factorial (6) and simplex (10) design schemes were followed.
Operating variables were bead heating current as indicated by
the dial setting, hydrogen pressure, and air pressure. Helium
carrier pressure was set at 60 psig; the jet potential was set on
position 3 for the factorial trials and on position 2 for the simplex
trials.

For the routine chromatography of the solutions of standard
compounds and of samples, temperature was programmed from
100 to 320 °C at 2 °C/min.

RESULTS AND DISCUSSION

Two factorial designs were used to define the region in
which the optimum discrimination factor (ratio of carbazole
to octadecane responses) was favored and to define the im-
portant experimental variables. A typical chromatogram of
the responses is shown in Figure 1. The results from the first
factorial design indicated that the discrimination factor was
improved by using the lower air pressure level, the lower
hydrogen pressure level, and the higher bead heating current
level. Estimates of the variables calculated from Yates al-
gorithm (7, 8) and data analysis using half-normal plots (12)
indicated the region for the second factorial experiment.
Based on the analysis of the eight points from the first factorial
design, a more extensive second factorial design was conducted
with a smaller range of levels for the variables redefined in
the region given in Table IA. Each of the eight combinations
of the three variables in the second factorial design was
performed in random order with selected trials repeated to
get an estimate of the variance of the experimental error. In
addition, measurements were taken on a second day to test
the repeatability of the response, for a total of 27 data points
for each of the two responses. The responses from the factorial
designs are tabulated in Tables IB and IC.

A rigorous statistical analysis of the data from the second
factorial design was made by fitting models of the form:
response = independent variables + error, using the method
of least squares (13). Different models were formed by se-
lecting independent variables from the following possible
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Table IA. Factorial De'sign f?r Optimizing Discri Table II. Sample Correlation Coefficients (r) between
between gen and N g pound, Carbazole, Octadecane, and Test Parameters
variable carbazole octadecane
3 carbazole 0.756
bead octadecane 0.75
heating H, pressure 0.27 0.15
5 o Cugfi::ll. air pressure 0.37 0.77
trial H, psig  air, psig setting bead current 0.62 0.14
; : N N and constant variance, an F-test (13) can be used to test any
3 N 4 - significant differences between the base model and any smaller
4 4 & _ model. The best model is the model which has the fewest
5 - = + independent variables and is not significantly different than
6 + - + the base model.
z = + + From this analysis, the independent variables that have a
3f-sign 51 (*+ )20 ;2 375 significant effect at the 5% level are for carbazole: u, Hy,
i 3 <) 6 20 575 BEAD, H, X AIR, and AIR X BEAD; and for octadecane: y,
design #2 (+)10 24 700 D, H,, AIR, BEAD, H, X AIR, and AIR X BEAD. Equations
=) 18 650 for each compound with the coefficients for the significant
factors (for octadecane, the day effect is included in the
intercept) are:
Table IB. Factorial Design 1 Data
peak ares e fiii Carbazole: Response = -14870. - 807.0 H; ;52 "
carbazole octadecane + 43.78 (H, X AIR) - 0.307 (AIR X
day day BEAD)
s 5 % 5 = Octadecane: Response = 284.5 - 12.37 H, -
17.93 AIR - 0.3503 BEAD
1 566 16.4 0.06 0.0 + 0.6573 (H, X AIR) +
§ 923~0 862-1 lgg gg 0.02317 (AIR X BEAD)
4 887 1122 128 114 These two models can also be tested for their appropri-
5 i ggg 1 ;;g 113 9 11% 3 ateness by partitioning each estimated error variance from
6 69 65 26.9 21.1 the least squares analysis into the estimated variance due to
7 2220 2437 21.9 21.4 lack of fit and the estimated variance of pure error due to the
8 2720 2826 123 132 replicate measurements. The ratios of the lack of fit estimated
variance to the pure error estimated variance for the two
- - dels are then compared with the percentile points of the
Table IC. Factorial Design 2 Data F-distribution. This test shows that neither model had a
peak area, cm?® /ug significant lack of fit at the 5% significance level. The final
e ochileane estimates of the standard deviation of the observed values
from their true value are the least squares estimates of S, =
day day 222 for carbazole and S; = 2.1 for octadecane.
trial 1 2 1 2 Contours of equal response for the carbazole and octadecane
1 991 470 11 0.09 equations can be plotted, and representative drawings are
2 495 69 0.5 0.09 shown in Figure 2. These plots depict the bead heating
401 0.0 current vs. air pressure plane as it would intercept the hy-
3 1348 1219 10.8 8.2 drogen axis in a three-dimensional representation of the
1302 1188 10.8 7.6 operating variables. In this example, hydrogen is constant
4 2166 2350 ;fg %gg at 6 psig, and the curves show the effects of changing air
5 }ggg ?gig 6.0 55 pressure and bead heating current. The upper portion of this
6 2442 1820 4.9 2.1 figure shows a family of curves for three response levels for
2286 1935 5.1 1.7 carbazole. Each curve represents a constant value of the
1855 1.8 response for different air pressure and bead heating current
7 2241 2431 20.4 17.5 settings. For example, along a 1500 cm?/ug response curve,
2158 2154 12'2 ;2;51, air pressure can be changed from 24 psig to 18 psig with a
8 gggg 3569 352 : concomitant change of bead heating current setting from 666

@ Suspected values not used in the statistical analysis.

terms: (1) intercept, u; (2) day effect, D; (3) hydrogen pressure,
H,; (4) air pressure, AIR; (5) bead heating current, BEAD;
(6) interaction of H, X AIR; (7) interaction of H, X BEAD;
(8) interaction of AIR X BEAD; and (9) interaction of H, X
AIR x BEAD. To find the significant variables, first a base
model using all nine terms is fitted to the data and then
compared to a smaller fitted model with terms deleted. If the
error terms in the models are d to be independent and
identically distributed as a normal distribution with zero mean

to 680 and the same response maintained. The lower portion
of Figure 2 shows a corresponding family of contours for
octadecane.

The sample correlation coefficient (r) calculated for the
carbazole and octadecane responses has a positive value of
r = 0.75, which indicates that the two responses increase and
decrease together. Sample correlation coefficients between
chromatographic responses of the two standard compounds
and the three operating variables show a positive correlation
between octad p and air p and b
carbazole response and bead heating current. There was
essentially no correlation between either response and any of




544 « ANALYTICAL CHEMISTRY, VOL. 51, NO. 4, APRIL 1979

Table III. Three Factor Simplex Design
variables®

response

bead
current, .
dial setting  air, psig

650 20
670 20
660 22
660 21
660 20
677 22
661 23
672 21
652 21
662 18

vertices

vertex no. retained

GO Lo o -
PN W

LW

WIS W -

10
5 repeat
9 repeat

9 Steps: current setting, 20 units; air and H,, 2 psig.

area(em’®)/ug
carb C18

0.84
0.94
0.57

ratio,
carb/C18

197 165.8
216 201.6
283 161.3
92 204.4 2.23
504 118.4 0.24
330 145.2 0.44
394 116.4 0.27
398 111.5 0.28
990 64.4 0.065
660 0.090
472 0.21
1254 0.040

H., psig

—
LR S B e oo e o}

-

9.
9.
0.

[

the other test variables. These correlation coefficients are
shown in Table II.

The results of the factorial experiments provided the area
in which the optimum pressures and bead current settings
should be found, i.e., hydrogen pressure, 8-10 psig; air
pressure, 18-20 psig; bead heating current setting, 650-660.
To define optimum operating conditions more precisely, a
simplex experiment was carried out to maximize the ratio of
the carbazole response to the octadecane response. The first
vertex was located at 8 psig hydrogen, 20 psig air, and a bead
current of 650. The other vertices were located in the manner
described by Long (8). The jet potential control knob was
set in the 2 position, because there was a 5-fold increase in
the discrimination factor when compared to the 3 position,
although there was a loss in sensitivity for both of the test
compounds. The simplex experimental data are shown in
Table III. Fractional pressures required by the calculations
were rounded off because of the difficulty in interpolation on
the instrument gages. After the tenth vertex had been tested,
it was obvious that further work would lead to an area of
decreasing sensitivity and reproducibility. The hydrogen
pressure boundary had arbitrarily been set at 6 psig because
it was feared flow control might not be easily maintained at
lower pressures, and this boundary had already been crossed
at vertex 8. Consequently, vertex 5, which appeared to be a
secondary maximum, was chosen as the point of optimum
working conditions.

There is contradictory evidence regarding the stability of
the detector bead (2, 4, 16). In the course of these studies,
there was a sensible decrease in the detector response, and
there were occasional short term aberrations that corrected
themselves. Consequently, it is necessary to run periodic
calibration checks, and if re-optimization is necessary, a short
simplex series can be carried out.

The capability of the NPD to discriminate between nitrogen
and hydrocarbon compounds was demonstrated by chro-
matographing a synthetic sample using both the NPD and
FID. The composition of the mixture and the responses to
each detector are shown in Table IV. Both the NPD and FID
are mass flow rate detectors (14), for which sensitivity has been
defined (15) as:

§’= (AC,Cy) /w

where S’ = detector sensitivity, mV-s/mg; A = peak area, cm?
C, = recorder sensitivity, mV /cm of chart; C, = reciprocal of
chart speed, s/cm; and w = weight of component, mg.
Therefore, response for each detector can be compared di-
rectly. Because the same recorder and same chart speed were
used in both cases, C; and C, were not factored into the
calculations and response was calculated as A/w with w being

HYDROGEN = 6.0
700 ‘ }

690

BEAD

00
e

670

660
1
) Wiy, 1000

Ming,,

gy, -
i

650

S
700 T’?z
A 5’&

. 5,,.«5.0
690
!

680 1

BEAD

670 >

€60 150 ‘ﬂz

1
"‘ll
18 19 20 21 22 23 24
AR
Figure 2. Contours of equal detector response for changing air pressure

and bead heating current settings at constant hydrogen pressure. Upper:
carbazole. Lower: octadecane

650

ug rather than mg. These standard compounds were selected
to provide a spread over the temperature range required for
sample work, and hopefully to provide some overlapping of
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Figure 3. Chromatograms of the hexane eluate from the neutral portion of a coal-derived product oil. NPD conditions: air, 20 psig; hydrogen,

6 psig; bead heating current setting, 660; jet potential control setting, 2
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Figure 4. Chromatograms of the ether-soluble base fraction of a coal-derived product oil. NPD conditions same as Figure 3

the hydrocarbon with the nitrogen compounds. With the FID,
the hexadecane does obscure the dimethylindole, while with
the NPD, the reverse occurs; with the latter detector, the
tetradecane is observed as a shoulder on the indole peak.
Detector response was calculated from chromatography of
each group of compounds at the 1 mg/mL level. The average
decrease in hydrocarbon sensitivity from the FID to the NPD
response was 0.5 that for the FID. When the average value
of response is taken, the discrimination factor is about 1000
throughout most of the chromatogram, an order of magnitude
lower than the manufacturer's literature leads one to expect.

The sensitivity for the nitrogen compounds falls off sub-
stantially starting at about 250 °C under these chromato-
graphic conditions; this loss is probably caused by decreasing
carrier gas flow. Baker has reported that response is not
necessarily correlated with the number of nitrogen atoms in
the molecule (16). As seen in Table IV, both 2,3-dimethyl-
quinoxaline and phenazine had double the response of their
neighbors but o-tolidine did not. Two other di-nitrogen
compounds, harmane and benzo[c]cinnoline, with retention
times near 60 min, had responses similar to acridine and
carbazole. Response also varies with type of nitrogen-con-
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Table IV. Composition of Synthetic Sample

detector
reten- response,?
tirms arcalem/ue.
min compound FID NPD
A. Hydrocarbons
9.0 n-dodecane 567 0.24
11.2 naphthalene 608 0.19
19.6 n-tetradecane 611 0.19
22.0 biphenyl 628 0.16
31.6 n-hexadecane 577 0.16
35.8 fluorene 559 0.13
49.1 anthracene 544 0.17
54.5  n-eicosane 541 b
68.2 pyrene 507 0.17
74.0 n-tetracosane 454 0.17
90.6 n-octacosane 420 0.18
102.5 1,3,5-triphenylbenzene 477 0.24
B. Nitrogen Compounds
18.0 indole 398 230
22.6 7-methylindole 477 234
24.2 2 3-dimethylquinoxaline 422 463
31.5 2,3-dimethylindole c c
36.5 diphenylamine 487 235
45.5 phenazine 431 420
50.1 acridine 448 214
51.6 carbazole 493 237
77.8 o-tolidine 333 170
83.9 benz[a]acridine 479 161
90.0 7,9-dimethylbenz[c)acridine 419 117
114.0 1,2,7,8-dibenz[a,i]acridine 474 94

¢ Based on chromatography of groups A and B separa-
tely at 1 mg/mL level. Apparently contaminated with
carbazole. ¢ Concentration unknown.

taining compound (/6), so that if one is investigating a specific
compound, or class of compounds, it would be better to
optimize with that compound, or a member of that class.

The lower detector response than expected may be related
to the large sample size chromatographed, although studies
with at least one compound (2) have shown linear detector
response up to 1 ug. Chromatography of the synthetic sample
with 0.1 mg/mL levels of the nitrogen compounds listed in
Table IV indicates that average peak area for seven of the
compounds was 170 cm?/ug as compared to 190 cm?/ug for
the same compounds at the 1 mg/mL level. As stated above,
in order to gain in the discrimination ratio, there must be a
sacrifice in the sensitivity. By merely switching the jet po-
tential knob from the 3 to the 2 position, one causes a drop
in the nitrogen sensitivity to one-third its former value, but
there is an accompanying 15-fold decrease in the hydrocarbon
response.

The chromatograms in Figures 3 and 4 represent two
fractions of a coal liquefaction product oil fractionated by a
chemical separations procedure (17). Figure 3 shows the
chromatograms of the hexane elutable material from a Florisil
column. Florisil has been shown to retain nitrogenous

compounds (/8) and essentially no nitrogen (<0.1%) was
detected by elemental analysis of this fraction. It is evident
from the chromatogram that only a few nitrogen compounds
in very small quantities may be present as compared to the
multiplicity of hydrocarbons revealed by the FID. Figure 4
shows chromatograms from the ether-soluble base fraction.
While there are a few peaks in each chromatogram which do
not appear on the other, the two chromatograms are similar
qualitatively and quantitatively. This fraction comprises most
of the dilute-acid extractable material from the oil, and it has
been established that this portion of fossil fuels is composed
predominantly of alkyl substituted pyridines and quinolines
(19). This fraction was found to contain 7.1% nitrogen.

We have demonstrated that statistically organized designs
can be used for the optimization of the operating conditions
for the nitrogen—phosphorus detector when it is used to
discriminate between hydrocarbon and nitrogenous com-
pounds. A combination of factorial and simplex experiments
proved to be effective in this study. This type of procedure
can be applied not only to this detector, but to other types
as well, and to-other kinds of optimization studies where there
are several variables. It provides a rapid and efficient method
of attaining optimum operating conditions, and allows an
analysis of the effects of all the variables and the interactions
among them.
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Electron Impact Excitation of lons from Organics: An
Alternative to Collision Induced Dissociation

R. B. Cody and B. S. Freiser*

Department of Cl Y, Purdue Unit

ity, West L

A technique has been d ped for el Impact excitati

of ions from organics (EIEIO). The technique uses trapped
fon cy (ICR) sp py and together with
the ICR photochemical techniques and | capabliities
for studying lo lecul tions, will aid in the evolution
of ICR as an analytical instr Itis d ated on a

varlely of substituted benzene radical cations. lons are
generated and subsequently excited in a continuous electron
beam while being trapped In the source region. The spectra
obtalned by EIEIO are shown to be analogous to those ob-
tained by collision induced dissoclation and yield characteristic
structural information.

Obtaining the fragmentation pattern generated from
ionization of a neutral sample is typically the primary objective
in conventional mass spectrometry. A great deal of additional
information, however, is available by further probing the
structures of individual ions in the mass spectrum. Such
information is of obvious importance in fundamental studies
of unimolecular ion and ion-molecule reactions and in sep-
aration and identification of complex mixtures (I, 2). To
achieve these ends, a variety of innovative methods have been
developed including collision induced dissociation (CID) (1-6)
and photodissociation (PDS) (7-13). These techniques are
similar in that both probe the ion structure by monitoring
unimolecular dissociation following excitation, with the major
difference being the mode of excitation. In CID, also referred
to as collisional activation (CA), the unimolecular dissociation
of an ion is monitored following excitation of the ion by
collision with a target gas (Process 1).

M
AB* — [AB*]* - A*+ B 1)

In PDS, unimolecular dissociation is monitored following light
absorption by the ion (process 2).

hr
AB* — [AB*]* - A*+B @)

Interestingly, photodissociation pathways need not mimic
those observed by CID (6).

In this paper we report an extension of a new method
utilizing ICR (14, 15) in which unimolecular dissociation is
monitored following excitation by electron impact (process
3) in analogy to CID and PDS.

€

AB* — [AB*]* - A*+ B (3)
Until recently quantitative as well as qualitative studies of
electron impact dissociative excitation of ions were limited
to diatomics such as H,*, D,*, O,* and N,* (16-18). We wish
to report that ICR-EIEIO techniques appear to hold not only
considerable promise for routine investigation of these
fundamental processes for polyatomic ions, but also provide
ICR with important CID-like capabilities.

EXPERIMENTAL
The ion cyclotron resonance spectrometer used in the present
study is a modified V-5900 series manufactured by Varian As-
sociates (19, 20). The ICR cell is one which has been used ex-
tensively for studies of ion photoexcitation processes as described

y Indiana 47907

in detail (7-11) and required no modification. Parent ions from
the substituted benzenes (in the pressure range from 1-10 X 107
Torr) were formed and subsequently excited in a continuous
electron beam while being trapped in the source region. Ion
formation was accomplished by switching the electron energy to
a value lying a few electron volts above the ionization potential
for 15 ms. For the remainder of the trapping period, the electron
energy remained below the ionization potential at a value which
could be varied readily. All of the electron energies given have
been corrected for the space charge potential of the electron beam
which has the effect of reducing the electron energy. This
correction can be substantial at high emission currents and low
electron energies (14). These effects also prevented data from
being obtained below about 2 eV because of instability in the
current. Each of the chemicals used was a commercial sample
of high purity with the exception of the labeled phenetole, and
was used as supplied except for freeze-pump-thaw cycles to
remove noncondensable gases. Mass spectrometry revealed no
detectable impurities.

RESULTS

The phenomenon of EIEIO is particularly evident in ap-
pearance potential measurements at high emission currents
as illustrated by Figure 1, which shows the intensity of CgH*
generated from cyanobenzene as a function of electron energy
at a trapping time of 100 ms. At low emission currents, the
fragment ion CgH,*, arising from loss of HCN from the parent
ion, appears at about 3.5 eV above the ionization potential
of the parent neutral. This appearance potential measurement
is consistent with the estimated thermodynamic threshold
(14). At higher emission currents, however, CsH,* begins to
appear with the parent cation at the ionization potential
which, significantly, is not affected by emission current,
eliminating the possibility of an artifact arising from electron
energy distribution broadening. The striking behavior of
CgH,* is attributed to EIEIO reaction 4.

CeH:CN* - C;H,* + HCN )

As expected this reaction becomes even more apparent both
as the emission current is increased (Figure 1), and as the
trapping time is increased as illustrated in Figure 2 which
shows the temporal variation of CgH,* and CgH;CN* obtained
at an electron excitation energy of 7.5 eV and at an emission
current of 5 pA.

It is evident from the above results that mass spectra at
a particular electron energy will also be affected by emission
current and trapping conditions. Figures 3 and 4 compare
the conventional ICR single resonance drift spectra of tri-
fluorotoluene, n-propylt and isopropylt to their
corresponding EIEIO spectra obtained at trapping times of
100 ms. Again the appearance of fragment ions in the EIEIO
spectra are apparent, arising from reactions 5-7 (see Table
D),

CgH;CF3* =t products (5)
CgHsC;H,* it products (6)
CeH;CH(CHy);* — products 0)

0003-2700/79/0351-0547$01.00/0 © 1979 American Chemical Society
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Figure 1. Appearance potential measurements on cyancbenzene at
different electron omissbn cuments. As emission current is increased,
the fragment ion CgH,* (m/z 76) begins to appear with the parent ion
(m/z 103) at the P sior is attributed to EIEIO
reaction 4 in text
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L 2. Temporal variation of lons involved in the process CgHsCN*
-2, CgH,* + HCN obtained at an electron excitation energy of 7.5 eV
and at an emission current of 5 pA

(a) W45

R

. +
(D) EIEI0-CHIF," e

Maus  Mai2T L
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trapping time, 14-eVand35-eVelectronenergybn|wnanonaMbase
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at 7.2—eV base voltage

whereas at the same electron energies, only the parent cations
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Figure 4. (a) Single resonance spectrum of n-propylbenzene at low
emission currents. (b) Single resonance spectrum of n-propylbenzene
under EIEIO conditions. (c) Single resonance spectrum of iso-
propylbenzene under EIEIO conditions

It is of interest to compare the EIEIO spectra obtained by
ICR to the corresponding CID spectra. A direct comparison
is made on phenetole radical cation in Figure 5. The labeled
compounds used are involved in another study in our labo-
ratory and were chosen for this experiment because of
availability rather than for any mechanistic purpose. The
major fragments arising from EIEIO of CgH;0C,Ds*(m/z 127)
at 72 ms trapping time shown in Figure 5b include loss of C,D,
and loss of C;D,0 to form CgH;,0D* (m/z 95) and C;H;D*
(m/z 67), respectively. As shown in Figure 5¢, the corre-
sponding ions also appear as the major components in the CID
spectrum of CgH;OCD,CHj* (m/z 124). Several other ions
also appear in the CID spectrum, however, which are not
observed in the EIEIO spectrum including, for example, loss
of the ethoxy moiety to form CgHs* (m/z 77).

In Figure 6a the EIEIO spectrum of C¢gH;0C,Ds* is re-
peated at an increased trapping time of 432 ms. The two
major fragment ions, CgH;OD* and C;H;D* are again evident
as well as the lower mass species m/z 39 and 40, but the ion
corresponding to ethoxy loss is still not observable. Also
evident in an examination of Figure 6a is that the C;H;D*
intensity has increased relative to that of C¢gH;OD*. While
Figure 6b is a repetition of the CID spectrum from Figure 5¢
of C¢H;OCD,CH;* for comparison, a straightforward ex-
planation for the increased CsHs;D* intensity can be derived
from a comparison of the EIEIO spectrum in Figure 6a to the
CID spectrum of CgH;OH* shown in Figure 6¢c. The CID
spectrum of CgH;OH* shows loss of CO and C3H;0 to produce
CsHg* and C3H,*, respectively, as the predominant frag-
mentation pathways (21). The corresponding products for
the labeled phenol ion, CgHsOD*, would be CsH;D* and both
C3Hz* and C3H,D* all of which are observed in Figure 6a.
Thus, it is apparent that C¢gH;OD* having excess internal
energy is being produced and subsequently fragmenting, and
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Figure 5. (a) Single resonance spectrum of labeled phenetole at low
emission current. (b) Single resonance sp: of labeled p
under EIEIO conditions. (c) CID spectrum of labeled phenelole

Table I. Comparison of Photodi iation, Elect
Impact Excitation, and Collision Induced or Metastable
Dissociation of Benzene Radical Cations

CID/

ion PDS metastable

[toluene] -H -H, C,H, -H
[n-propylbenzene} -C,H, -C,H,,CH, -C,H,,CH,
[isopropylbenzene} -CH, -CH,, C,H,, -CH,, C,H,

EIEIO

[p-diethylbenzene]* -H -H,’C:}l,
[trifluorotoluene])* -H, CF,, -H, F, CF,
F

[p-fluorotrifluoro- -H,F, -H,F,CF, -H,F,CF,

toluene] CF,
[p-chlorotrifluoro- -Cl -Cl -Cl
toluene]*
[benzonitrile ] -HCN -HCN -HCN
[benzaldehyde]* X -CHO, H,
C,H,0
[phenetole -C;H, -CH,, -C,H,,
C,H,0 C,H,0,
C,H,0

@ X = data not available.

it is surmised that the phenol ion produced by EIEIO from
phenetole ion is itself undergoing EIEIO frag ation
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Figure 6. (a) ICR-EIEIO spectrum of labeled phenetole. (b) CID
spectrum of labeled phenetole. (c) CID spectrum of phenol. See text
for explanation

The energy of the exciting electrons, as expected, has a
profound effect on both the product ion yields, i.e., the EIEIO
cross section, and on the product distribution in cases where
more than one ion can be observed. Figures 7 and 8 dem-
onstrate these features. Figure 7, reported in an earlier study
(14), compares the relative dissociation cross section for
process 4 as a function of excitation energy to both the
photoelectron spectrum of cyanobenzene reported by Rabalais
and Colton (22) and to the photodissociation spectrum of
CgHsCN* reported by Orlowski et al. (10). The energy axis
of the photoelectron spectrum is adjusted such that the first °
vertical ionization potential of cyanobenzene is zero on the
photodissociation and electron impact dissociation scales. The
photodissociation spectrum (Figure 7b) consists of a band at
high energy obtained by monitoring process 8

C¢HsCN* + hv — C¢H,* + HCN (8)

and a band at low energy attributed to the two photon process
9).

he he
CeH;CN* = [CgH;CN*]* — C;H* + HCN  (9)

EIEIO spectra were obtained from a variety of substituted
benzenes and the data are summarized in Table I. Also
included in Table I are the corresponding results obtained by
photodissociation and collision induced dissociation (or
metastable) experiments where available for comparison.

Comparison of the photodissociation spectra to the photo-
electron spectrum indicates that the high energy band arises
from a * — x* transition and the lower energy absorption
proceeds through a » — x transition (10).

The cross section for electron impact dissociation of
CgHsCN* (Figure 7a) is observed to rise from a threshold of
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Figure 7. (a) Relative dissociation cross section for process 4 as a

ion of energy. (b) P i iation spectra i
for the one-photon process 8 (0) and two-photon process 9 (0). (c)
Photoelectron spectrum of cyanobenzene. The energy axis of the
photoelectron spectrum s adjusted such that the first vertical ionization
potential of cyanobenzene is zero on the photodissociation and electron
dissoclation energy scale

3.0 £ 0.5 eV, near the thermodynamic threshold of 3.2 eV, to
a maximum cross section estimated from the data in Figure
2to be 6 A%at 7.5 = 0.5 eV (14). A comparison of Figures
7a and 7b suggests that electron excitation proceeds by the
same = — =* transition as observed for the photodissociation
process 8. Comparison to Figure 7c, however, indicates the
presence of other states which, in the absence of the usual
photon absorption selection rules, could be involved.

Loss of H, F, and CF; to produce C;H,F3*, C;H,F,*, and
CgHsF*, respectively, are prominent fragmentations observed
in the EIEIO, PDS (23), and CID spectra of a,a,a-tri-
fluorotoluene. Figure 8 plots the relative intensity of these
fragment ions arising from EIEIO on CgH,CF,* as a function
of the excitation energy at 100-ms trapping time. Also shown
are normalized photodissociation results (dashed lines) using
laser light over a limited energy range (23). The product
distribution is clearly observed to be dependent on the ex-
citation energy, with loss of H the predominant product at
low energies. Interestingly, loss of H is also the predominant
species observed near threshold in photodissociation.

DISCUSSION
In a comparison of EIEIO to CID, one factor which is
apparent is that the product intensity relative to the parent
molecular ion intensity is substantially larger in EIEIO (up
to 50% product to parent observed in Figures 5-8) than in

Figure 8. Relative dissociation cross sections for ion products arising
from EIEIO on trifluorotoluene radical cation as a function of excitation
energy. Also shown for comparison are normalized photodissociation
results (dashed lines) using laser light

CID where generally the main parent ion beam intensity is
100 to 1000 times that of the product ion intensities (/-6).
This difference dramatically contrasts the capability of the
ICR to monitor all of the ions in the cell, whereas scattering
in CID plays a major role in reducing product ion intensities
at the detector.

Choosing the electron excitation energy in the ICR ex-
periment adds a certain flexibility in the extent of dissociation
desired. This flexibility is somewhat further enhanced by
choice of the trapping times used. Unlike CID which generally
monitors a single event, however, in EIEIO as the trapping
time is increased, daughter ions may be further excited and
decomposed in the electron beam as was pointed out earlier
or may undergo subsequent ion- molecule reactions modifying
fragment peak intensities. For this reason caution must be
exercised in interpreting ICR-EIEIO data. Relatively short
trapping times (<100 ms) and low pressures (~107 Torr) as
were used in the majority of this study can be employed to
minimize these complications.

Table 1, for the most part, indicates that fragmentation
following electron impact or collision with a neutral are quite
similar, which perhaps is to be expected. The differences
which do occur can be postulated as arising either from the
amount of energy deposited by the two methods or the form
in which it is delivered (i.e., rotational, vibrational, and
electronic) (6). Further comparisons between EIEIO and CID
as well as with PDS should yield insight into this question.

Finally, we feel that EIEIO gives ICR important capabilities
equivalent to CID which, together with the ICR photochemical
techniques and unusual capabilities for studying ion-molecule
reactions, will aid in the development of ICR as an analytical
instrument. Further studies are in progress.
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Compounds Extracted from

98195

A method to characterize organosulfur compounds In the li-
pophllic extract of marine sediments is described. The main
interference In the analysis is elemental sulfur (Sg). Techniques
for its elimination are discussed. Saponification of the initial
extract is shown to create org ds. Acth d
copper removes Sy from an exiracl and appears neither to
create nor to alter d: However,

selectivity and enhanced sensitivity of the FPD for S permits
quantitation of organosulfur compounds at relatively low
concentrations in complex organic mixtures. The FID trace
allows the organosulfur compounds to be referenced to the
more abundant aliphatic and/or polynuclear aromatic hy-
drocarbons (2). A FID-FPD chromatogram of Prudhoe Bay
crude oil is shown in Figure 1. The upper trace (FID) is

ted by a series of aliphatic hydrocarbons found in the

mercaptans and most disulfides are r d by the copp
column. The extraction efficiency of several other classes of
sulfur compounds is 80-90%. Extracts are analyzed with a
glass capillary gas chroma(ograph equipped with a flame
tric det: D tion limit is 1 ng S, precision
:!:10%.

Reliable methods are needed to quantitate organosulfur
compounds in the lipids extracted from marine sediments.
These lipophilic organosulfur compounds (OSC) are a small
but significant component of crude oils and other fossil organic
materials (1). Through oil spills, runoff, and atmospheric
processes, many anthropogenic organosulfur compounds are
transported into the marine environment where they can be
deposited along with natural organosulfur compounds in
sediments (2). Natural sources include oil seeps, biosynthesis,
atmospheric input from forest and grass fires, and diagenetic
reactions within the sediment.

Despite the environmental and geochemical importance of
these compounds, little information is available concerning
the nature and amounts of organosulfur compounds in marine
sediments (3). Investigations of the persistence and toxic
effects of these compounds require reliable extraction and
analysis techniques.

The analysis of organosulfur compounds has been greatly
facilitated by the flame photometric detector (4). Volatile
compounds can be separated by a glass capillary chroma-
tographic (GC) column and the effluent split to a flame
ionization detector (FID) and a flame photometric detector
(FPD). The FPD response is proportional to =[S)? (5, 6). The

! Present address Paclﬁc Marine Environmental Laboratory,
Envir ies, National Oceanic and At-
mospheric Admlmslrallon. 7600 Sand Point Way N.E., Bldg. 32
Seattle, Wash. 98115.

oil. The lower trace (FPD) shows the organosulfur compounds.
The U.S. Coast Guard (7) and the Environmental Protection
Agency (8) have used similar FPD traces to compare oils
qualitatively.

Reliable FPD quantification of organosulfur compounds
requires careful optimization of the GC parameters. Although
the relative response of the FPD to various sulfur compounds
remains somewhat controversial (9), analysis of organosulfur
compounds by FPD is now relatively straightforward.
Quantitative extraction of these compounds from marine
sediments, though, has never been previously investigated.
Extraction techniques are the main thrust of this study.

EXPERIMENTAL

A variety of extraction procedures were tested in this study.
The methods described here were the most efficient and reliable
for extracting OSC from marine sediments.

Extraction. Sediment samples were freeze-dried (Virtis,
Unitrap II), weighed (80 g), and Soxhlet extracted in pre-extracted
paper thimbles (43 X 123 mm Whatman single thickness) with
CH,CI, for 24 h. Quantitation of the total extract was obtained
by weighing an allquot on an electrobalance (Cahn 4100). The
extraction precision was 0 01 mg/g sediment dry weight (1.2%
rel. std. dev., for 4 repli ). After the extract
was concentmted to ~10 mL by rotary evnpouuon (ambient
temperature and 50 cm of Hg vacuum) and eluted through a
column of activated Cu powder to eliminate Sg (10). The column
was prepared by passing 2 N HCI, H;0, CH;COCHj, and CH,Cl,
through a 10-mm i.d. col 5 cm of Cu powder (Cu
“U" metal, No. 53, made by Metal Powders, Cammt. N.J.). The
column eluate was then d to 10 mL, ighed, and
evaporated to dryness under N, for GC analysis. The recovery
of 100 ng of individual sulfur standards added to pre-extracted
sediment varied from 80-90% for sulfides, sulfones, and aromatic
sulfur compounds. Memapt.ans and dnulﬁdes were not recovued
since these classes of were d on the Cu

Gas Chromatographic Analysis. A Perkin-Elmer model
3920B GC was used for all analyses. The entire system was glass

0003-2700/79/0351-0551$01.00/0 © 1979 American Chemical Society
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Figure 1. Gas chromatogram of unfractionated Prudhoe Bay crude

oil. The sulfur flame p! (FPD) resp:
and the flame ionization d (FID) r were recorded si-
muhtaneously. The peak labeled DBT is iop Instr

conditions: Perkin-Elmer 3920B gas chromatograph with FID/FPD; 30
m X 0.5 mm SCOT glass capillary column; linear temperature program
100-250 °C at 8°/min

or glass-lined to prevent chemical reactions from contact with hot
metal. Support-coated, open-tubular (SCOT) SE-30 glass capillary
columns (30 m X 0.5 mm i.d., deactivated with triethanolamine)
were used in preference to wall-coated columns because of the
former's increased loading capacity. The column effluent was
split 2:1 to the FPD and FID, respectively. The FPD detection
limit was 1 ng S (S/N = 2, £10% rel. std. dev. for 10 injections
of dibenzothiophene over 5 days).

FPD Optimization and Calibration. Tests with SFg; and
a standard mixture of organosulfur compounds showed optimal
FPD response with a H; flow of 55 mL/min and an air flow of
120 mL/min, in agreement with Mizany (11) but not Burnett et
al. (9). H, flow of 75 mL/min gave an O,:H, ratio of 0.32 in the
flame (found optimal by Burnett et al., (9)), but the response was
10% lower at the same noise level. The flow to the FPD was 33
mL/min or 2/3 or the combined flow from the column (8 mL/min)
and the make-up gas (42 mL/min).

The GC signal output (theoretically the square root of the
photomultiplier response) was fed through a Spectrum model
1021A filter to reduce instrument noise, and then to a Columbia
Scientific Instruments Supergrator 3 integrator. The response
of the detector output vs. the injected amount was linear from
1-1500 ng for n-butyl sulfone, dibenzothiophene, thianthrene,
benzyl disulfide, phenyl sulfide, and 2-mercaptonaphthalene
(concentration = 0.88 (integrator response) + 10; r = 0.99451).
This response was related to the number of S atoms in a molecule
and not to chemical structure, in agreement with Maruyama and
Kakemoto (12). Such a calibration curve was recommended by
Burnett el.‘lnl. (9) to avoid systematic errors associated with a

1 for T

RESULTS AND DISCUSSION

Extraction Procedures. Several extraction procedures
were compared for efficiency and ease of extraction. The tests
were performed upon sediment obtained with a van Veen grab
sampler in Puget Sound, west of Seattle (47° 41.0' N, 122°
28.0' W). This fine-grained sediment is typical of the major
basins in Puget Sound and has an organic carbon content of
~2%. Soxhlet extraction was used since it is believed to be
most efficient for lipids (13, 14). Extraction results of
freeze-dried sediment were compared to those obtained with
wet sediment. No significant differences were found in the

total lipids or OSC extracted. The gas chromatogram of
freeze-dried sediment extract showed only the OSC that were
also present in the wet sediment. The freeze drier did not
form OSC artifacts, contrary to observations with alkenes (15).
GC analysis of the vacuum pump oil showed no OSC.

Using freeze-dried sediment, three solvent systems were
compared by gravimetric measurements of total extractable
lipids and GC quantitation of OSC. Twenty-four hour ex-
tractions with benzene:methanol (50:50), dichloromethane:
methanol (50:50), and dichloromethane alone gave comparable
results for OSC. Dichloromethane extracted only about '/
as much total lipids as by the other two solvent systems.
Continuing the dichloromethane extraction for a second day
afforded only an additional 4% of extractable lipids, while
OSC showed no significant increase.

Trace levels of OSC in marine sediments require a larger
amount of sample than normally extracted in hydrocarbon
analyses. Approximately twice as much sample can be ex-
tracted in the same apparatus by using a freeze-dried sedi-
ment. The use of freeze-dried sediment also permits di-
chloromethane to be used as the single extraction solvent
which is not possible if water is present in the sample. Di-
chloromethane is as efficient as more polar solvents for ex-
tracting OSC and has the additional advantage of simplifying
subsequent sample workup because of the absence of pigments
and more polar compounds that would be extracted with more
polar solvents.

S, Elimination. The main obstacle in the analysis of 0SC
in marine sediments is elemental sulfur (Sg) which is also
extracted with organic solvents. Existing in nature as an
eight-membered ring (16), sufficient Sy is usually present in
both oxidizing and reducing marine sediments to saturate the
FPD and thereby interfere with OSC analyses. Organic
extracts of primary-treated sewage effluent, storm-water
runoff, crude oils, and refined petroleum products usually do
not contain sufficient Sg to cause this problem (2). However,
since Sg is present in most sediment extracts, a method is
needed to eliminate it without altering OSC compositions.

Traditionally Sy has been removed by eluting the lipid
extract through a column of activated Cu powder (10). Tests
with a mixture of organosulfur standards showed that this also
removed mercaptans and many disulfides. Individual sulfur
standards were recovered as follows: 2-mercaptonaphthalene,
0%; benzyl disulfide, 20%; thianthrene, 80%; dibenzo-
thiophene, 86%; n-butylsulfone, 87%; and phenyl sulfide,
90%.

Other techniques were tested to eliminate Sg without re-
moving OSC. Elemental sulfur can be removed by saponi-
fication of the extract. This procedure is often used in hy-
drocarbon analyses to remove esters from total lipid extracts.
Saponification cleaves the sulfur-8 ring, releasing water-soluble
ions which can be separated from the lipophilic organic
molecules. Another Sg removal technique is its conversion
to thiosulfate with tetrabutylammonium sulfite (17). The
resulting thiosulfate dissolves in alcohol and can be separated
from the nonpolar organic material. Elemental sulfur can also
be eliminated from the lipid extract by converting Sg to
thiocyanate by adding sodium cyanide (18).

None of these methods for removing Sy was satisfactory in
this application. Thiocyanate, formed from sodium cyanide,
was difficult to separate from the organic extract. It partly
reacted with mercaptan and disulfide standards to give
nonquantitative results for these compounds. Tetrabutyl-
ammonium sulfite removed S; efficiently, but the sulfite ion
apparently created two additional organic sulfur compounds
from the mixture of standards. Saponification removed both
Sg and mercaptans. When this procedure was applied to a
surface sediment extract, the gas chromatogram showed that
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Instrumental conditions are as cited in Figure 1

sample extract.

all the major compounds contained sulfur (Figure 2). These
compounds were not removed from the extract when it was
eluted through an activated Cu column. To test whether these
compounds were artifacts or indigenous to the sediments, an
identical sediment sample was extracted, but an activated Cu
column rather than saponification was used to eliminate Sg.
The gas chromatogram was entirely different from that
obtained from the saponified sample (Figure 3, bottom). The
saponified sample was fractionated using silica-alumina gel
chromatography (14). The compounds seen in Figure 2 were
eluted from the column in the methanol fraction. The sulfur
compounds in the 20% benzene in pentane and 100% benzene
fractions were the same compounds that were observed in the
sediment sample that was eluted through the Cu column.
These results indicate that saponification created polar or-
ganosulfur compounds.

Another approach to eliminating Sg without removing the
more reactive OSC was to stabilize the mercaptans and di-
sulfides prior to Sg removal. Compounds such as a-bromo-
2,3,4,5,6 pentafluorotoluene (19), benzoyl chloride (20), and
N-ethylmaleimide (21) can be used to form mercaptan de-
rivatives. Initially such derivatizing agents seemed desirable
since the recoveries of the sulfur compounds were high, but
base was required to form the derivatives quantitatively.
Evidently, Sg was cleaved by base and reacted with the de-
rivatizing agents to form organosulfur by-products. This
supposition was confirmed by the reaction of various mer-
captan derivatizing agents with elemental sulfur which re-
sulted in the formation of a variety of organosulfur com-
pounds. These derivatizing agents, therefore, cannot be
applied to the extraction and analysis of OSC in marine
sediments.

Artifacts Produced by Photosensitized Reactions.
Photoreactions may cause problems in extracting and ana-
lyzing OSC (22). At least one sulfur compound in the sediment
extract appeared to undergo a photoreaction. Two samples
of surface sediment were extracted by the normal procedure.
One extract was left on a window sill in a transparent glass
container for 5 days while the other was kept in the laboratory.
Compound E in the extract left on the window sill appeared
to break down to form A, B, C, and D (Figure 3). Compound
D was also observed in sediment samples that remained in
the sunlight after collection aboard ship. There was no ev-
idence that the conditions of this experiment affected di-
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Figure 3. Gas chromatogram of a surface sediment sample extract
eluted through a copper column to eliminate elemental sulfur. The
bottom FPD trace was from a sample extract kept in the laboratory.
The top FPD trace was from an identical sediment extract that was
left on a window sill for 5 days. The FID traces for the two samples
were identical. One is shown at the top of the figure. The peaks labeled
DBT are dibenzothiophene. The lettered peaks are discussed in the
text. Instrumental conditions are as cited in Figure 1

benzothiophene or its alkylated homologues.

Burwood and Speers (23) have suggested that photo-
oxidation of petroleum creates thiocyclane oxides. This did
not appear to occur in this experiment since the observed
reaction products were all nonpolar. In summary, care should
be taken to minimize exposure of samples and extracts to
sunlight. Normal laboratory fluorescent lighting does not
appear to cause artifacts during sample processing, but
amber-colored glassware may minimize difficulties.

Applications to a Crude Oil. A sample of Prudhoe Bay
crude oil was mixed with pre-extracted sediment, Soxhlet
extracted with dichloromethane, and eluted through a column
of Cu powder. GC analyses of the oil before and after the
procedure showed no change in the relative abundances of the
sulfur compounds (Figure 1). Evidently the dichloromethane
extractable fraction of the crude oil (1) contained all the S
compounds present in the oil that can be analyzed by GC, (2)
contained no mercaptans or disulfides, and (3) contained no
OSC formed during the procedure.
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Voltammetric lon Selective Electrode for the Determination of

Nitrate

James A. Cox* and George R. Litwinski

Department of Ci ry and Biochemistry, h

A sensor which uses an anion h b to d
a small volume electrolysis cell has been demonstrated to be
for nitrate determinati The three-electrod cell
Includes a Indi lect
fiter paper, which is lmpregna!ed with a 0.1 M KCI-0.01 M
ZrOCl, electrolyte, serves as the constraining barrier and as
the spacer for the thin-layer electrolysis chamber. The an-
lon-exchange membrane sheath permits transfer of nitrate 1rom
the ple Into the el y hamber by D di
and excludes several species which would otherwise Itnodero.
Controlled polentlal electrolysis at -1.25 V vs. Ag/AgCl
the ] , the value of which Is proportional
to the sample conconlrallon of nitrate. As a steady-state
current Is not developed with the present design, a defined
current sampling time is used. Linear response over 3 or-
ders-of itude nitrate ation is obtalned. The
detection limit using the current at 8 min Is 6.7 X 10° M NO;~.

ot

Membrane-clad voltammetric sensors have been designed
for the determination of certain molecular species, especially
dissolved gases. The Clark oxygen electrode is probably the
best known (1, 2). This system functions by using a neutral
membrane to separate the sample from a small volume
electrochemical cell. Oxygen diffuses into the cell where it
is continuously reduced by controlled potential electrolysis
at a platinum electrode; a steady-state current is developed
in proportion to the oxygen concentration in the sample.
Comparable sensors for ionic species have not been previously
reported.

The present design is based upon our earlier work in which
nitrate was determined by linear potential scan voltammetry
at a hanging mercury drop electrode in the presence of a
La(III) catalyst (3). Donnan dialysis was used to transfer a
controlled fraction of the nitrate from the sample into the 0.01
M LaCl;-0.1 M KCl electrolyte prior to the voltammetric scan
in order to increase the overall sensitivity (through precon-
centration) and eliminate interference by cations and sur-

lllinois University at Carbondale, Carbondale, Illinois 62901

factants. In the present work ZrOCl, has been used as the
catalyst since, unlike in the La(III) system, the mercury surface
does not become passivated and dissolved oxygen does not
interfere with the development of the nitrate reduction current
(4).

EXPERIMENTAL

The instrumentation consisted of a three-electrode polarograph
which was constructed with Teledyne Philbrick Model 1027
operational amplifiers and a Hewlett-Packard Model 15101B strip
chart recorder. The chemicals were ACS R Grade and were
used without further purification. Because of the known effect
of aging (5-7), the electrolytes were prepared from a 0.1 M ZrOCl,
stock solution which had been stored for at least 3 weeks.

The ion-exchange membranes and the poly(vinyl acetate) and
poly(vinyl alcohol) neutral membranes were obtained from RAI
Research Corporation, Hauppauge, Long Island, N.Y. The
ion-exchange membranes were pretreated by the general procedure
of Blaedel and Kissel (&) except that they were stored in 0.1 M
KCI1-0.01 M ZrOCl, prior to use.

The membrane-clad voltammetric sensors (Figure 1) utilized
Ag/AgCl reference, platinum counter, and constrained mercury
column indicator electrodes. The system was constructed by
cementing a 5-mm o.d. (2-mm i.d.) glass tube into a 12-mm o.d.
tube with Torr Seal low vapor pressure resin, Varian Associates,
Vacuum Division, Palo Alto, Calif. The tubes were placed
concentrically. The reference and counter electrode wires were
also cemented into the assembly. The resin face and outer tube
of the sensor were machined at a 45° angle; the mercury tube was
left planar.

A pair of disks of Whatman No. 40 (medium) filter paper were
placed over the mercury tube and resin face. Prior to assembly
they were impregnated with the KCI-ZrOCl, electrolyte. The
paper served as the constraint for the mercury and as a spacer.
An ion-exchange membrane was firmly drawn over the entire end
of the assembly. The membrane was fixed in place by Teflon tape
and a small plastic hose clamp. Mercury was poured into the inner
tube and electrical contact was made by inserting a platinum wire.
The length of the complete assembly was about 12 cm.

The assembly was stored in supporting electrolyte between
experiments. As co-ion penetration occurs extensively with a high
ionic strength solution on each side of the membrane, this step
regenerates the inner solution and removes the electrolysis
products. At least 5 min is allowed for this step.

0003-2700/79/0351-0554$01.00/0 © 1979 American Chemical Society
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Figure 1. Design of the voltammetric sensor. (a) Pt counter electrode;
(b) constrained Hg indicator; (c) Ag/AgCl reference; (d) epoxy; (e) retainer
ring; (f) paper spacer and supporting electrolyte reservoir; (g) an-
ion-exchange membrane

30

A
\

10 12
-/ V{Ag/AgCh
Figure 2. Linear scan voltammetric reduction of nitrate. (1) Hanging
mercury drop; (2) paper-constrained mercury column indicator electrode.
Solution: 102 M NO,, 0.1 MKCI, 0.01 M ZrOCl,; scan rate, 50 mV
s»!

RESULTS AND DISCUSSION

Preliminary experiments were performed to determine
whether the described sensor would respond to nitrate. In
these experiments, the electrode was dipped into a 104 M
NaNOj; solution for 15 min, and a linear potential scan
voltammogram was subsequently obtained at a 10 mV s™ scan
rate. A nitrate reduction current plateau was observed in the
range -1.0 to ~1.3 V; at more negative potentials discharge
of the supporting electrolyte occurs (Figure 2). Comparable
experiments performed with a typical polarographic cell and
a hanging mercury drop electrode produce a peak at -0.9 V
with the Zr(IV) catalyst in agreement with the results of our
recent mechanistic study (9). The high resistance of the
constrained Hg electrode and immobilized electrolyte are
responsible for the potential shift and lack of a distinct peak.

As the intended application uses controlled potential
electrolysis, the absence of a peak current is not important,
but since the paper-constrained Hg indicator electrode does
not permit complete resolution of the nitrate reduction current
from the supporting electrolyte discharge, other constraining
materials were tested. A mercury column with a terminal
coarse glass frit (10) gave similar linear scan voltammetry
results; however, it was difficult to obtain good solution contact
when the ion-exchange membrane was attached. Neutral
membranes (poly(vinyl alcohol), poly(vinyl acetate), and
cellophane) were also employed to enclose the Hg column (11);
because of slow diffusion of nitrate through these materials,
a nitrate reduction current was not observed. Subsequently
only filter paper was used as the Hg constraint and spacer.
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Figure 3. Current-time behavior of the nitrate voltammetric ion selective
electrode. (1) NaNO,, 107 M; (2) blank (distiled H,0). Sample volumes,
100 mL. electrolyte, 0.1 M KC-0.01 M ZrOCl,, Electrolysis
potential, -1.25 V vs. Ag/AgCl. Samples were deaerated for 5 min
prior to measurement and were stirred

Based upon the data in Figure 2, experiments were per-
formed in which the nitrate sensor was dipped into deaerated
samples of various concentrations; the controlled potential
electrolysis current at —1.25V was monitored. Typical results
are shown in Figure 3. The above electrolysis potential was
selected because it yielded the greatest signal-to-background
ratio. Unlike the case of polarographic oxygen electrodes,
steady-state currents were not obtained with the present
sensor design. Decreasing the ratio of electrode-to-membrane
areas, which decreases the time to reach steady state for the
oxygen electrode (2), was not effective. Hence, working curves
were prepared using the electrolysis current measured at a
prescribed time after contact to the stirred sample.

Under such conditions, linear working curves were obtained.
For example, with an 8-min current sampling time linear
least-squares analysis of a 7-point curve over the range 1.0 X
10 to 1.2 X 10* M NO; yielded the following: slope, 1.91
+ 0.05 X 10° nA/M; intercept, 0.34 nA; and correlation
coefficient, 0.998. The slope was unchanged up to 5 X 102
M NO;. Five replicate blank trials (distilled water instead
of a nitrate sample) yielded a current of 0.42 + 0.01 uA with
the 8-min current sampling time.

The detection limit (using the criterion of the concentration
which yields a current of twice the blank uncertainty) was 6.7
X 10° M NO;~. With a 2-min sampling time, the working
range was 8 X 10°to 1 X 10 M NO;". A comparable least
squares study at the 10 * M level gave a slope of 1.37 + 0.04
X 10% uA /M, correlation coefficient of 0.9985, and intercept
of 8 X 1073 uA.

The major limitations of the present electrode design are
the lack of a steady-state current and the physical instability
of the constrained mercury indicator electrode. Both problems
are associated with the Zr(IV) catalyst. The constant decrease
in the blank current, which is shown in Figure 3, is probably
the result of some hydrogen discharge which occurs at -1.25
V. Evidence for this disch is the i ing current beyond
-1.1 V in Figure 2 with the paper-constrained mercury in-
dicator. The consumption of proton during the subsequent
controlled potential electrolysis at —1.25 V would cause the
current contribution from proton reduction to decrease with
time. If the electrolysis cell could be constructed with a low
internal resistance, a nitrate reduction potential could- be
defined at which the background electrolysis is negligible (see
Figure 2). Such an electrolysis cell would presumably yield
a linear scan voltammetric response identical to that of the
hanging mercury drop electrode i-E curve in Figure 2. In this
case an electrolysis potential of -1.0 V would result in nitrate
reduction without concurrent proton reduction. Steady state
would then likely be achieved. Such a cell could be made with
a solid indicator electrode. Several solid electrode types were




556 « ANALYTICAL CHEMISTRY, VOL. 51, NO. 4, APRIL 1979

mvestlgated by lmw scan vol'.ammetry with the Zr(IV)
ite, mercury-coated
graphlte and platmum solld ‘silver amalgam (12), and glassy
carbon. In each case, the electrolyte discharge obscured the
nitrate reduction current. An improved catalyst would permit
resolving the nitrate current from the background at a solid
electrode. The commonly used La(IIl) and UO,CI, catalysts
(13, 14) failed because of passivation of the electrode and a
low signal-to-background ratio, respectively. Presently ca-
talysis by a mixed Cd, Cu deposit on graphite, which was
reported by Bodini and Sawyer (15), is being tested in the
membrane-clad sensor.

Species which can interfere with the measurement, and the
extent to which they will interfere, can be predicted from
previous work. The anion-exchange membrane will exclude
neutral species, except for those of low molecular weight, and
cations (3). Anions which are electroactive at -1.25 V will
interfere. Fortunately these are not abundant in most samples,
but nitrite, which often is present with nitrate, is in this
category. Measurements in nitrite-containing samples must
be performed after a separation or by an alternative approach
such as with an enzymatic method (16). Anions which can
affect the Zr(IV)-catalysis of the nitrate reduction will in-
terfere. For example, sulfate in high concentrations (ca. 10
M) will shift the nitrate reduction beyond the discharge of

the supporting electrolyte (9). If the sample is not deaerated,
the reduction of dissolved O, will add to the background
current.
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Spectroelectrochemical Determination of Heterogeneous
Electron Transfer Rate Constants
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The theory underlylng Ihe single potential step spectroelec-

hemi of h lectron transfer
rate constants is presented. The resumng expressions are
experimentally verified using the quasi-reversible oxidation of
ferrocyanide at tin oxide optically transparent electrodes at
pH 7.00. For this model system, good agr t Is obtained
between values of k,, and o determined spectroelectro-
chemically (k,, = 4.6 (£0.2) X 10 cm/s, a = 0.328
(+0.006)) and those determined by the previously reported
technique of chri (kyp = 4.0 (£0.2) X 10~ cm/s,
a = 0.323 (+0.008)). The p t methodology was devised
to quantitatively ch terize and thereby pare the rates
of heterog 1 at chemically modified
electrodes.

The recent development of chemically modified electrodes
(CMEs) has stimulated considerable interest, and a variety
of both novel methods of preparation and applications have
been reported. Electrochemical syntheses and analyses which
were intractable before the advent of CMEs have been re-
ported, and it is expected that activity in this area will increase

, Virginia 23284

as present methodologies are improved and new approaches
are developed.

Methodologies which have been applied to affect CME
surfaces include adsorption (1-14), amidization (15-22), si-
lanization (22-33), formation of ether linkages (34-36), vapor
deposition of phthalocyanine (37), and binding of quinones
(38). Other methods for preparing modified electrode surfaces
include use of plasma treatment (39) and electrochemically
driven surface reactions (40-42). Species selective electrodes
have also been developed for potentiometric and amperometric
analyses incorporating immobilized enzymes and bacteria.
Recent reports have described advances in this area of research
and this family of modified electrodes will not be discussed
here (43-45).

Spectroscopic and electrochemical techniques have been
used to characterize the morphology of CME surfaces, the
electrochemical behavior of the surface, and heterogeneous
electron transfer reactions occurring at CMEs. The latter
problem has been addressed using cyclic voltammetry, dif-
ferential pulse polarography, and chronocoulometry. However,
these techniques fail to provide speci lective heterog
electron transfer rate parameters in an extremely important
application of CMEs, namely, electrocatalysis. The absence
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of any quantitative data on the heterogeneous rate constant
(k) for a redox process driven at CMEs attests to the need
for a technique which provides this information. Knowledge
of the magnitude of &, for such electrochemical reactions
would permit quantitative comparisons of the methods of
electrode pretreatment, chemical modification procedures, and
other experimental variables. The optimization of the
electrocatalytic character of CMEs requires access to this
information.

Spectroelectrochemical methods have been shown to
provide species-specific probes with which the demeanor of
a specific electrochemical process of interest may be char-
acterized (46, 47). Theories for characterizing a variety of
chemically coupled electrochemical mechanisms and the
attendant kinetic parameters have been advanced using
spectroelectrochemical methods (47). There has been no
treatment for spectroelectrochemically determining hetero-
geneous electron transfer rate parameters for quasi-reversible
and irreversible systems.

While chronocoulometric theory has been developed and
reported for the measurement of k,, (48), this technique lacks
species specificity if more than one electron transfer process
is occurring. It has been suggested that spectroelectro-
chemistry may be useful in the determination of k,j, (49), but
this application of the technique has not been demonstrated.
The theory and experimental verification of the application
of spectroelectrochemistry to the determination of k,y, is
reported here. The formulation of the theoretical expressions
is analogous to the previously reported chronocoulometric
treatment (48) and the results of the two techniques agree for
the chosen model system, ferricyanide/ferrocyanide in pH 7.00
phosphate buffer at a tin oxide optically transparent electrode
(OTE).

It is expected that the spectroelectrochemical technique will
provide a useful tool with which to measure &, of hetero-
geneous electron transfer reactions at CME surfaces. Work
in these laboratories is in progress to measure k,y, for het-
erogeneous electron transfer reactions of biological molecules
at CME:s of the type that has been previously described (41,
42).

THEORY
For the charge transfer process given by Equation 1,
kon

A+ne =B (1)
kun

diffusion of the two forms of the redox couple to and from
a planar electrode surface may be expressed as

aCplx,t) *Calayt
Btadh o, oA @
at ax*
and
aCglx,t) a*Cylx,t)
— = Dy o (3)

Application of a potential step of sufficient magnitude to cause
the forward reaction in Equation 1 to proceed at a rate
governed by kqy, (kyy being negligible) renders the following
initial and boundary conditions valid:

Ca(x,0) = C°4; C(x,0) =0 4)
aCa(x,t)
Dy t)x le=0 = ken Ca(0,8) (5)
aCpgl(x,t) aCp(x,t)
B l?)x a0 = ~Da :x =0 (6)

Cplx = =t) =C°%; Cp (x = =,t) =0 Q]
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where C°, is the bulk concentration of A.

By the method of Laplace transforms, solution of Equations
2 and 3 with the initial and boundary conditions given by
Equations 4-7 affords the concentration of electrode reaction
product in the transform plane, namely

Cylx,8) =

or Lo L ew - 225 ) (@)
sDg/2 | sV2 + ke, /D2 P Dg'/?

In the transform plane, the optical absorbance of this
electrode reaction product, observed in the transmission mode,
is given by (47)

Ayhs) = ) [ Calzsds ©

Substitution for Cg(x,s) from Equation 8 affords
eg(N) kgp C°p
sDl/2

1 - sl/2x
Rz k“‘/DAl/z] J; exp (* D—B‘/?)dx (10)

which integrates to give

Ag(\s) =

i of L)Y —— L
Ap(\s) = gNken C A(ss/z) V2 + hep/DaV?
(11)
and, in turn inverts (50) as
() Cop Dy | 2ken t'?
Apry = B AR
ken VNG
keplt kept'/?
exp E—- erfe W -1] (12

If the magnitude of the potential step applied to the
electrode is sufficiently large to cause the forward reaction
in Equation 1 to proceed at a diffusion controlled rate, then
the time-dependent optical absorbance of the electrode re-
action product, AgP, is given by (51)

AP D) = o DI (1)
s

The ratio of the kinetically controlled absorbance (Equation
12) to the diffusion controlled absorbance (Equation 13)
provides the normalized absorbance, Ay, namely

12
AN\ =1+ o [exp(¢?) erfe (§) - 1] (14)
where
Eut!/?
{= R (15)

The dependence of the normalized absorbance of the electrode
reaction product on the dimensionless parameter { is shown
in Figure 1. This working curve is of the same functional form
as that obtained for the chronocoulometric response of this
same system (Equations 1-7) (48). The optical measurement,
however, affords a means of discerning the heterogeneous
electron transfer rate constant for a single redox reaction of
interest even if charge is being consumed by other diffusing
and nondiffusing processes.
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Figure 1. Working curve for spectroelectrochemical determination of
heterogeneous electron transfer rate constants

EXPERIMENTAL

Materials. Deionized (Barnstead D0803), glass distilled water
was used for all solution preparations. Potassium ferrocyanide
(Mallinckrodt, Analytical Reagenl) was used as received for the
preparation of sample solutions in pH 7.00 phosphate buffer
(Titrisol, Merck) containing 0.100 M sodium chloride (Flsher)
Solutions were prepared by direct weighing immediately prior
to use and were deoxygenated with prepurified nitrogen (Linde)
which was passed over hot copper turnings and then pre-saturated
with distilled water.

Apparatus. Electrochemical instrumentation, described
elsewhere (52), was modified to incorporate a current follower
configuration to ensure invariance of electrode potential during
the potential step perturbation. Analog integration of the resulting
current transients permitted chronocoulometric observation of
the reaction system. Tin oxide OTEs (Corning, 10 2/0) served
as working electrodes in cells of a previously reported design (47).
All spectroelectrochemical measurements were made at the A,
of Fe(CN)g, 420 nm. The electrochemical and optical systems
were interfaced with a dedicated computer system for the ac-
quisition, reduction, and presentation of data (53). The saturated
calomel reference electrode employed in the experimental
measurements was calibrated using a platinum electrode immersed
in saturated solutions of quinhydrone (Eastman) at pHs of 7.00,
7.50, and 8.00 (54). All potentials reported here are relative to
the normal hydrogen electrode. All measurements were made
at 25.0 (£0.2) °C.

RESULTS AND DISCUSSION

In acidic aqueous solution, the ferricyanide/ferrocyanide
couple exhibits reversible electrochemical behavior at tin oxide.
This behavior, shown in Figure 2A, is consistent with that
previously reported (51). With decreasing acidity, however,
electron transfer between this couple and the tin oxide
electrode becomes quasi-reversible (47, 55) and this behavior
at pH 7.00 is shown in Figure 2B. Quasi-reversible behavior
of this couple has also been observed at other electrodes,
notably platinum (56-60), carbon (59-62), and gold (59, 63).

Application of potential steps of 800 mV or more to the tin
oxide OTEs resulted in the diffusion controlled oxidation of
ferrocyanide at pH 7.00. The integrity of diffusion control
of this system under these conditions was demonstrated by
both chronocoulometry and spectroelectrochemistry. In the
former case, diffusion control was ascertained through linearity
of the charge dependence on the square root of time over the
duration of the potential step and through agreement between
the electrode area determined under these experimental
conditions and that evaluated at pH 2.5 whereat the system
is known to behave reversibly (51). In the latter case, diffusion
control was validated by linearity of absorbance dependence
on the square root of time over the duration of the potential

—
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Figure 2. Cyclic voltammetric behavior of 5.0 mM ferrocyanide at tin
oxide electrode. Electrode area = 0.40 cm?; sweep rate = 125 mV/s.
Curve A: 0.50 M glycine/HCI, pH 2.50. Curve B: 0.10 M phosphate,
0.10 M NaCl, pH 7.00

Absorbance [x102|

Time [sec]

Figure 3. Absorbance-time behavior for potential step electro-oxidation
of 5.34 mM ferrocyanide at tin oxide OTE at pH 7.00. Solid lines are
experimental transients; open circles are theoretical responses calculated
from Equation 12. Curve a: = 20 mV, theoretical response calculated
for ki, = 4.02 X 10 cm/s; Curve b: n = 70 mV, theoretical response
calculated for k,, = 1.05 X 10~ cm/s; Curve c: a= 120 mv,
theoretical response calculated for ky,, = 2.00 X 10 cm/s; Curve
d: n=170mV, lated for k,, = 4.57 X 107
cm/s; Curve e n=220mV, meoretical response calculated for ki),
=7.13 X 10 cm/s; Curve f: v; = 270 mV, theoretical response
calculaled for ky, = 1.41 X 102 cm/s; Curve g: n = 820 mV,
r Iculated from Equation 13

step and through agreement between experimentally deter-
mined and previously reported (51) values of epecry,’™
DY enygt

Time dependent absorbance and charge transients were
determined at various potential steps of magnitudes less than
those required to force diffusion-controlled electro-oxidation
of ferrocyanide. Representative dynamic spectroelectro-
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Table I. Heterogenem‘u Electron Transfer Rate Constants for the Oxidation of Ferrocyanide at Tin Oxide Evaluated by the
Spectroelectrochemical Technique®
kg n? (em/s) x 10°
time, s¢ nd =20mV n=70mV n=120mV n=170 mV n=220mV n=270mV
0.50 7 1.08 (£0.02) 2.26 (+0.06) 4.06 (+0.08) 7.39 (£0.07) 13.6 (+0.4)
1.00 0.605¢ (+0.012)" 1.09 (2 0.02) 2.29 (£0.02) 4.00 (£0.04) 7.35 (+0.08) 13.9(:0.3)
1.50 0.601 (+0.009) 1.08 (£ 0.01) 2.28 (£0.02) 4.05 (+0.05) 7.27 (£0.05) 14.2 (x0.2)
2.00 0.581 (£ 0.005) 1.06 (£0.01) 2.31 (£0.02) 3.96 (£0.04) 7.31 (£0.06) 13.7 (x0.2)
2.50 0.571 (£0.006) 1.05 (:0.01) 2.28 (£0.01) 3.99 (£0.05) 7.30(£0.10) 14.1 (£0.1)
3.00 0.564 (+0.005) 1.05 (+0.01) 2.26 (£0.02) 3.99 (£0.02) 7.28 (£0.05) 14.0 (+0.2)
3.50 0.560 (+0.007) 1.04 (:0.01) 2.27 (£0.02) 3.96 (£0.03) 7.24 (£0.05) 14.5(+0.2)
4.00 0.558 (+0.008) 1.03 (x0.01) 2.23 (£0.01) 4.01 (£0.02) 7.38 (£0.10) 14.2(:0.4)
4.50 0.554 (+0.004) 1.03 (£0.01) 2.25 (+0.03) 4.02(:0.02) 7.43 (£0.14) 14.2(:0.2)
5.00 0.546 (+0.003) 1.04 (£0.02) 2.23 (:0.02) 4.02(+0.03) 7.30(£0.05) 14.3 (x0.2)

@ [K,Fe(CN),] = 5.34 mM or 5.02 mM. ? According to Equation 1.
Erer — E°'; E°" for Fe(CN)**/Fe(CN),*

potentlal where n = Egep +
ments. ! Parentheses contain one standard deviation.

¢ Following onset of potential step. 4 Over-
=424 mV vs. NHE (55). © Mean value of 5 measure-

Table II.

technique electrode solution conditions

spectroelectro- tin
chemistry oxide
pH 7.00
chrono- tin
coulometry oxide
pH 7.00
rotated disk 0.10 mM K ,Fe(CN), in
electrode
voltammetry
turbulent tubular
electrode
voltammetry
turbulent tubular
electrode
voltammetry
pulsed rotation
voltammetry

boron
carbide

(=

platinum mM K, ,Fe(CN), in

=3
NoCPuorNorHg

gold mM K,Fe(CN), in

.5
0

.1
5
0

.10M phosphate, pH
.5

—

glassy
carbon

uM K, Fe(CN), in

5 mM K,Fe(CN), in 0.10 M
phosphate, 0.10 M NaCl,

5 mM K,Fe(CN), in 0.10 M
phosphate, 0.10 M NaCl,
0.10 M phosphate, pH

0 M phosphate, pH

.10 M phosphate, pH
.5

Heterogeneous Electron Transfer Kinetic Parameters for the Oxidation of Ferrocyanide

k°'1p, cm/s a ref.

4.6 (£0.2) x 107* 0.328 (+0.006) this work

4.0(£0.2) x 107* 0.323 (+0.008) this work

3.3(£0.2) x 10°* 0.65(+0.02) 59
1.4(£0.3)x 107? 0.43 (£0.05) 59
1.2(£0.3)x 107? 0.37 (£0.03) 59

5.4x 107 0.69 62

chemical behavior is shown in Figure 3 together with theo-
retical behavior calculated from Equation 12. Using the
normalized absorbance (Equation 14) derived from the
sub-diffusion (kinetically controlled) transient behavior and
the experimentally determined diffusion-controlled response
resulting from the 2800-mV potential steps, the heterogeneous
electron transfer rate constants (kgy, Equation 1) summarized
in Table I were determined. Of particular significance is the
invariance of these experimentally determined rate constants
over the duration of the potential steps which speaks to the
validity of the theoretical expressions presented above. The
slight trending in ky, to lower values with time at small
magnitudes of overpotential indicates that at small n, the back
reaction in Equation 1 becomes significant on the time scale
of the experiment.

Using the technique of chronocoulometry (48), the het-
erogeneous electron transfer rate constants (k¢),, Equation 1)
for the ferrocyanide system were determined over the same
range of n employed for spectroelectrochemical measurements.
Figure 4 shows the dependence of the logarithms of the rate
constants on overpotential observed by both techniques.
Linear regression analyses of these data afford the formal
heterogeneous electron transfer rate constants (k°%y) and
transfer coefficients (a) tabulated in Table II.

Of the numerous studies of the heterogeneous electron
transfer kinetics of the ferricyanide/ferrocyanide system which
have been reported, the majority have either examined the
reduction of ferricyanide or followed the method of Randles
(64) wherein both oxidation of the reduced form of the couple
and reduction of the oxidized form of the couple are utilized
in the determination of kinetic parameters. Representative

-2.501

log kin

-3.00

-3.50|

100 150 200 250
m (mvi

Figure 4. Dependence of k), determined by specuoelectrodwenﬁcsl

(O) and chronocoulometric (O

 on overpotential.
of correlation: spectroelectrochemistry, R = 0.9993; chronocoulometry,
R = 0.9989

o] 50

results from studies involving the oxidation of ferrocyanide
have been included in Table II for comparison with this
present work.
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The power of spectroelectrochemical techniques in the study
of electron transfer processes has been amply demonstr.ated
(46, 65). The major advantages of spectroelectrochemistry

ement of het-

ed to chronc I try in the

erogeneous electron transfer kinetic parameters are the
molecular specificity of the optical measurement and the
freedom from errors associated with charge transfer processes,
faradaic and nonfaradaic, other than the redox reaction of
interest. In applying CMEs to the study of the electron

transfer reactions of biological mol

les, this latter ad g

is of paramount importance. Biological sample preparations
usually contain unknown impurities which may adversely
affect chronocoulometric results as-a consequence of the
isolation and purification procedures which are extant for a
given system. Further, knowledge of the electron transfer
kinetics between biological molecules which participate in
physiological redox reactions offers insight into the mode and

S

. The spectroelectrochemical

of these pr

technique described here used in concert with CMEs which
exhibit quasi-reversible electron transfer kinetics with bio-
logical molecules (41, 42) offers access to such kinetic pa-
rameters without the need for electrochemical mediators or
exogenous chemical titrants. Work in these laboratories is
being conducted to take advantage of this approach both in
the study of electron transfer reactions of biological molecules
from plant, bacterial, and mammalian sources and in the study
of heterogeneous catalytic processes.
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Thin-Layer Spectroelectrochemistry for Monitoring Kinetics of

Electrogenerated Species

Elmo A. Blubaugh, Alexander M. Yacynych,' and Willlam R. Heineman*

Department of Cl Y. University of Cii i, Cincis

The applicability of thin-layer optically F | o
for Itoring h g hemical reactions of
generated species has been d ated. The reacti
pecies Is | ically g ted in the thin solution layer
at a minigrid electrode, and the chemical reaction is optically

itored by light passing through the transparent el d
Single- and double-potential step techniques are demonstrated
using the benzidine rearrang t as a model system.
Spectra in the 200-320 nm range were obtained with a rapid

ing sp during el g tion and reacti

Absorbance vs. time data were then displayed for analysis of
the kinetics. Rate btained for the acid lyzed
benzidine rearrangement were 2.8 X 102 s7' in 0.05 FHCI
and 3.0 X 102 s7"in 0.10 FHCI.

Thin-layer electrochemical cells restrict the diffusional path
of the electroactive species by trapping a “thin slab™ of solution
between two barriers (I, 2). Exhaustive electrolysis of
electroactive species in the thin solution layer can be achieved
in about 10-60 s with diffusion as the only mode of mass
transport. Optically transparent thin-layer electrodes
(OTTLE) enable spectroscopic observation of electrogenerated
species via a light beam passing through the thin layer of
solution and the electrode (3, 4). Therefore, the OTTLE is
potentially useful for the optical monitoring of homogeneous
chemical reactions that an electrogenerated species may
undergo.

The OTTLE technique offers advantages which warrant
its consideration as a method for kinetic studies. (a) Since
the reactive species is trapped in the thin solution layer, very
slow homogeneous chemical reactions should be observable.
Such slow reactions are not always amenable to study by
conventional electrochemical techniques in which diffusion
of the reactive species away from the electrode is unrestricted.
Perturbation of concentration gradients by convection limits
many semi-infinite diffusion techniques to a time domain of
less than ca. 60 s. (b) Since electrogeneration of reactive
species in the thin solution layer is quantitative, spectral
observation of intermediates and products of the chemical
reaction is not interfered with by starting material, unless a
regenerative mechanism is involved. (c) The reactive species
is homogeneously distributed across the thin solution layer
after its quantitative generation from starting material. Such
a homogeneous solution of reactive intermediate allows
subsequent kinetic processes to be treated by conventional
methods of data analysis for kinetics. This is less complicated
than non-thin-layer electrochemical and spectroelectro-
chemical techniques for which appropriate diffusion equations
must be solved or simulated to extract information about
kinetics (5-7).

The measurement of reaction rate constants with an
OTTLE was suggested during the early development of

! Present address: Department of Chemistry, Rutgers University,
New Brunswick, N.J. 08903.

i, Ohio 45221

thin-layer spectroelectrochemistry (2, 3) and electrogenerated
intermediates were optically observed (8, 9). However, the
quantitative measurement of rate constants has only recently
been reported. Owens and Dryhurst measured the rate
constant for the hydrolysis of a diimine electrogenerated by
oxidation of 5,6-diaminouracil (10). McCreery reported the
rate constant for the hydrolysis of electrc d p-qui
imine by a method in which the amount of reactive species
was varied by potential control of the [0]/[R] ratio in the thin
layer (11). This “non-quantitative generation™ approach was
effectively used to slow the reaction into a time frame ob-
servable with the thin-layer cell. Mark et al. have used the
OTTLE to spectrally observe the homogeneous reoxidation
of electrogenerated cob(I)alamin (12-14).

In this study, the utility of the OTTLE for the spectroscopic
measurement of rate constants for homogeneous chemical
reactions of electrogenerated species is evaluated for single-
and double-potential step techniques. The benzidine rear-
rangement was selected as a model system. The reaction
sequence involves the acid-catalyzed rearrangement of hy-
drazobenzene which is generated by reduction of azobenzene:

electrode
generation: NN + 26~ + 2t =

azobenzene
H H
N—N
hydrazobenzene
H H
solution [ ¥
reaction: N—N )
hydrazobenzene
HaN HaN NH3
benzidine
NH2

diphenyline

Considerable data on the benzidine rearrangement are
available for comparison purposes since this reaction has been
used as a model EC mechanism for evaluating numerous
electrochemical techniques including polarography (15), double
potential step chronoamperometry (16), double potential step
chronocoulometry (17), twin-electrode thin-layer electro-
chemistry (18), chronopotentiometry with step current reversal
and reverse ramp current (19), thin-layer chronopotentiometry
(19), thin-layer potential-step chronocoulometry (19), cyclic
voltammetry (20), and potential step generation with linear
sweep reversal (21).

EXPERIMENTAL

Optically transparent thin-layer cells were constructed by
sandwiching gold minigrid (500 lpi) between two quartz plates
separated by two 2-mil Teflon tape spacers (4). Cell thicknesses
were ca. 0.23 mm. The mercury-coated gold minigrid electrode
was prepared by a previously reported procedure (22). The

0003-2700/79/0351-0561801.00/0 © 1979 American Chemical Society
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Figure 1. Cyclic on Hg-Au minigrid
OTTLE. 1mM azobonzane, 0.050 FHCI 0.200 FKCI, 44% ethanol.
Scan rate, 10 mV s™'

OTTLE was masked with black vinyl tape so that the optical beam
passed through a 2 X 2 mm area in the center of the minigrid.
Reference and auxiliary electrodes were placed in a small solution
cup into which the OTTLE was dipped. OTTLE cells were
subjected to 10 min of radio—frequency plasma discharge prior
to use for removal of any organic film.

A potentiostat of conventional operational amplifier design was
used to provide potential control. All potentials were measured
vs. an SCE using a Fluke 8008A digital voltmeter.

All chemicals were of reagent grade quality. Azobenzene
(Eastman Kodak Co.) was recrystallized from ethanol until its
absorption spectrum remained constant (23). A 44% ethanol-56%
water solvent mixture was prepared by combination of equal
volumes of 95% ethanol and deionized, doubly distilled water.
Solutions were 0.050 F or 0.100 F HCI with a concentration of
1 mM azobenzene and a sufficient amount of KClI to give an ionic
strength of 0.25. Solutions were deoxygenated by nitrogen
bubbling before use and were kept under nitrogen and in the dark
to avoid p idation of the

Smgle-potentlal step experiments were performed on mer-
cury-coated gold minigrid OTTLEs. The electrode assembly was
positioned in the deoxygenated sample compartment of a Harrick
Rapid Scan Spectrometer, RSS-B. External triggering and data

ition were lished through a data linkup with a
Raytheon 704 computer. Spectra in the range of 220 to 320 nm
were obtained at a rate of 10 spectra per second. The absor-
bance-time curves at fixed wavelengths of 293 and 300 nm were
then plotted via data reduction procedures previously reported
(24). New solution was drawn into the OTTLE from the reservoir
cup before each measurement.

Double-potential step experiments were performed on a gold
minigrid OTTLE. The electrode assembly was placed in the
deoxygenated sample compartment of a Cary 14 spectropho-
tometer. Deoxygenated solution was added to the solution cup,
and new solution was drawn into the cell before each measurement
at different reaction times, tg. External triggering of the po-
tentiostat was provided by a PAR 175 Universal Programmer.
Absorbance-time curves were obtained at 325 nm for different
reaction times, tg.

RESULTS AND DISCUSSION

Cyclic Voltammetry. Cyclic voltammograms of azo-
benzene were used to determine appropriate potentials for
the potential step experiments. A typical voltammogram
obtained on a mercury-coated gold minigrid (Hg-Au) OT'TLE
is shown in Figure 1. The wave for reduction of azobenzene
to hydrazobenzene is clearly defined although somewhat
distorted because of resistance in the OTTLE. The oxidation
wave for hydrazobenzene to azobenzene is obscured by oxi-
dation of the mercury film to form mercurous chloride. The
Hg-Au OTTLE was used for the single-potential step ex-
periments to facilitate comparison with previous measure-
ments made on mercury electrodes (19) and to extend the
negative potential range. The latter aspect enabled the
potential to be stepped well beyond the peak potential so that
resistance effects on the rate of electrolysis were minimized.

A voltammogram obtained on a gold OTTLE is shown in
Figure 2. In this case, both reduction and oxidation waves

4
| 100 pramp.

Figure 2. Cyclic vottammogram of azobenzene on Au minigrid OTTLE.
1 mM azobenzene, 0.050 F HCI, 0.200 FKCI, 44% ethanol. Scan
rate, 10 mV s™'

—

.o

T25

Figure 3. Spectra recorded on Hg-Au OTTLE during single-potential
step spectroelectrochemistry. Potential step 0.000 V to -0.600 V vs.
SCE. 1 mM azobenzene, 0.05 FHCI, 0.20 FKCI, 44% ethanol. Each
spectrum repi d

100 signal Lol p

are reasonably well defined, although merging of the reduction
wave with the onset of hydrogen evolution restricts the ac-
cessible negative potential range. The gold OTTLE was used
for the double-potential step experiments so that the potential
could be stepped beyond the oxidation wave for the conversion
of hydrazobenzene back to azobenzene.

Cyclic voltammograms performed on a solution of hy-
drazobenzene after a 30-min reaction time to generate ben-
zidine and diphenyline gave no waves between +0.2 and -0.8
V, substantiating electroinactivity of the reaction products
in this potential range as previously reported (19).

Spectra. Spectra were recorded during a single-potential
step experiment to enable selection of wavelengths for optically
monitoring the benzidine rearrangement. Figure 3 shows
spectra that were recorded during a single-potential step
experiment in a Hg-Au OTTLE. The potential was stepped
from 0.0 to —0.600 V vs. SCE and spectra were recorded at
the rate of 10 spectra per second with the Rapid Scanning
Spectrometer. Signal averaging was used to improve the
signal-to-noise ratio. Each spectrum represents an average
of the 100 spectra recorded during %5 s of the indicated time.

The spectra show azobenzene (spectrum at open circuit),
which was then reduced to hydrazobenzene (5-45 s) with
subsequent rearrangement to products (750 s). Severe overlap
of the azobenzene peak at 233 nm, the hydrazobenzene peak
at 245 nm, and the benzidine peak at 255 nm is apparent. This
is quite different from previously reported spectra that exhibit
less overlap of the hydrazobenzene and product spectra (23).
The peaks shown in Figure 3 are shifted to shorter wavelengths
than those previously reported because of protonation in the
acidic media.

Single-Potential Step Thin-Layer Chronoabsorptom-
etry. The single potential step approach to the measurement
of kinetics in the OTTLE involves quantitative electro-
chemical reduction of azob to hydrazob in the
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Table I. Rate Constants for Benzidine R t D ined by Thin-Layer Spectroelectrochemistry®
technique supporting electrolyte A, nm 10°k, 7! 103 std. dev.,s™*

single-potential step 0.05 F HCI, 0.2 F KCl, 44% EtOH 293 2.7 0.36 (N = 3)

300 2.8 0.3(N=3)

0.10 F HCI, 0.15 F KCl, 44% EtOH 293 30 3.2(N=3)

. 300 30 39(N=3)
double-potential step 0.05 F HCI, 0.2 F KCl, 44% EtOH 325 8.7° 0.24 (N=2)

0.10 F HCI, 0.15 F KCl, 44% EtOH 325 16° 1.2 (N=2)

0.10 F HCI, 0.15 F KCl, 44% EtOH 325 ) Ig 2 1.5 (N=2)

@ Temperature, 24.5-25.5 °C.
—-0.600 to +0.300 V vs. SCE.

b potential step: 0.00 to —0.600 to +0.300 V vs. SCE.

¢ Potential step: +0.300 to

Table II. Previously Reported Rate Constants for Benzidine R t
technique supporting electrolyte 0k, s ref
twin-electrode thin-layer 0.100 F HCIO,, 0.15 F NaClO,, 35.5% EtOH 22.3 (18)
0.063 F HCIO,, 0.15 F NaClO, , 35.5% EtOH 9.0
0.075 F HCIO,, 0.15 F NaClO, , 44.0% EtOH 4.23
0.040 F HCIO,, 0.15 F NaClO,, 44.0% EtOH 2.16
thin-layer current-reversal 0.0997 F HCIO, , 0.15 F NaClO,, 38.5% EtOH 31.0 (19)
chronopotentiometry 0.0629 F HCIO, , 0.187 F NaClO, , 38.5% EtOH 13.9
thin-layer double-potential 0.0997 F HCIO,, 0.15 F NaClO, , 38.5% EtOH 20.0 19)
step 0.0629 F HCIO,, 0.187 F NaClO,, 38.5% EtOH 8.6
reaction quenching with 0.050 F HCI, 0.0200 F NH,Cl, 44% EtOH 1.32 (25)
spectrophotometry
.
| 100 T
N ".E T A= 293nm
3
1 003
< \\\
Qoo + + + +
1 50 100 150 200 300 3aso
.
“Q50T
g ' e} ime s e 2
0 100 220 300 400 1 4
tme, s — |
“1o0 T
Figure 4. Absorbance-time curve at 293 nm during potential step from :
0.000 to -0.600 V vs. SCE. 1 mM azobenzene, 0.050 FHCI, 0.200 Figure 5. Kinetic plot of sii ,‘* time data

FKCI, 44% ethanol

thin solution layer by a potential step from 0.00 to -0.60 V
vs. SCE. The electrolysis and subsequent rearrangement of
hydrazobenzene are monitored spectrally. Severe overlap at
the lower wavelengths necessitated optical monitoring of the
reaction at >250 nm. The wavelengths selected for the
single-potential step measurements were 293 and 300 nm
where the absorbance change due to the benzidine rear-
rangement was greatest (difference between 45- and 750-s
curves) and the spectrometer signal-to-noise ratio was best.
A typical absorbance-time curve at 293 nm is shown in Figure
4. The rapid decrease in absorbance during the first 30 s
corresponds to the reduction of azob to hydrazob

the slow subsequent decrease is due to rearrangement of
hydrazobenzene.

The rearr t of hydr is an acid-catalyzed
pseudo-first-order reaction (15-21). Consequently, plots of
absorbance-time data according to Equation 1 should be linear
with a slope of -k and an intercept of In (4, - A.).

In (4, - A.) = -kt + In (4, - A.) (1)

where k = pseudo-first-order rate constant s!; Ap = initial
absorbance = beyyap [HABJy; A. = final absorbance =
b(expp[DP). + ¢Am[BZ]-), A = absorbance at time t =
bley, HAB[HAB], + & pp[DP]; + €,5z[BZ],); in which HAB =
hydr DP = diphenyline, BZ = benzidine; b =
pathlength of thin-layer cell, ¢ = molar absorptivity. A typical
plot is shown in Figure 5. In all cases, the plots were linear

at 293 nm. 1 mM azobenzene, 0. 50FHCI OMFKGS@M“%
ethanol

with the correlation coefficient being greater than 0.99.
Second-order plots were nonlinear, substantiating the ex-
istence of a first-order reaction.

A summary of rate constants obtained with 0.05 F HCI and
0.10 F HCI at two monitored wavelengths is shown in Table
I. The pseudo-first-order rate constant is larger for the greater
acid concentration as would be expected for the acid-catalyzed
rearrang The rate ¢ are in good ag
those obtained by electrochemical techni under si
solution conditions shown in ’l‘able II. The rate constant of
2.7 X 103 s7! reported here for 0.050 F hydrochloric acid is
intermediate between the twin-electrode thin-layer values of
2.16 X 103 s! and 4.23 X 10 s™ for perchloric acid con-
centrations of 0.040 and 0.075 F, respectively (18). It also
compares favorably with the 1.32 X 107 s7! value obtained
by a nonelectrochemical technique in 0.050 F HCI, 0.200 F
NH,Cl, 44% ethanol (25). The rate constant of 3.0 X 102
obtained for 0.10 F HCl is comparable to the value of 2.23 X
102 £ 0.06 X 102 5! reported for 0.10 F HCIO,, 35.5% ethanol
obtained by the twin-electrode method (18) and 3.10 X 102
s°! by thin-layer chronopotentiometry and 2.0 X 102 s™ by
thin-layer potential step in 0.0997 M HCIO,, 0.15 M NaClO,,
38.5% ethanol (19).

These results were obtained under non-ideal spectroscopic
conditions since the total absorbance change resulting from
the benzidine rearrangement was less than 0.05 au. This

t with .
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time,s ——%

Figure 6. Double-p | step -time curves at 325 nm.
Potential step from +0.000 to —0.600 to +0.300 V vs. SCE. 1 mM
azobenzene, 0.100 FHCI, 0.150 FKCI, 44% ethanol. (1) tg = 50's,
(2) ta = 100 5, (3) ta = 150 s, (4) ty = 200 s, and (5) t = 300 s

indicates that good results can be obtained with rather small
optical changes. The precision of repetitive measurements
was within 10% for all of the runs.

The upper limit of rate constants obtainable by this method
is determined by the time required for quantitative generation
of reactive species in the thin solution layer. The electrolysis
time for the present study was found to be about 30 s. Kinetic
plots were severely curved in the region 0-30 s, so A-t data
at times greater than 30 s were used in the analysis. The
electrolysis time can be shortened by cell designs which
minimize iR drop or decrease the diffusional path length. The
magnitude of lower rate constants obtainable is ultimately
limited by the problem of edge effects (18) and convection.
The effect of edge-diffusion into the thin-layer cell is mini-
mized by focusing the optical beam in the center of the
minigrid region (4). The minigrids above and below the beam
then serve as a buffer zone between the volume being optically
monitored and the edges of the minigrid. OTTLEs in which
the minigrid covers the entire cell can be used to eliminate
the edge effect for extremely slow reactions (13).

Double-Potential Step Thin-Layer Chronoabsorptom-
etry. The double-potential step thin-layer spectroelectro-
chemical approach involves first the complete reduction of
azob to hydrazob by a potential step from 0.300
to -0.600 V vs. SCE. The potential is maintained at -0.600
V for a time interval, tg, during which the rearrangement
reaction proceeds. At the end of tg, the remaining hydra-
zobenzene is electrolyzed back to azobenzene by returning the
potential to 0.300 V. The double-potential step experiments
were performed at a wavelength of 325 nm where the ab-
sorbance change is attributable only to azobenzene, eliminating
spectral interference from hydrazobenzene and reaction
products. Typical optical responses for varying lengths of
reaction time ty are shown in Figure 6. This double-potential
step technique is the optical analogue of the thin-layer po-
tential step approach with charge monitoring previously
described by Oglesby, Johnson, and Reilley (19).

A pseudo-first-order rate constant can be calculated from
the data in Figure 6 by Equation 2.

AA,
In E = kty (2)

AAy, the change in absorbance accompanying the first po-
tential step, is a measure of the amount of hydrazob

~200 T
<
3
N
>
<
:
3
5
100 T
t t t t + + + +
0.00] 25 S0 75 100 125 150 175 200
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Figure 7. Kinetic plot for doubk ial step —time data.

Potential step from +0.300 to -0.600 to +0.300 V vs. SCE. 1 mM
azobenzene, 0.100 FHCI, 0.15 FKCI

by the double-potential step method for 0.05 F and 0.10 F acid
solutions are shown in Table 1.

Comparison of Single- and Double-Potential Step
Methods. Agreement between rate constants obtained by the
single-potential step and double-potential step techniques is
fair. The difference between rate constants obtained by the
two techniques is attributed to uncertainty in the reaction time
ty for the double-potential step method. In this technique,
the reaction is initiated by the first potential step and then
quenched by the second potential step. Since exhaustive
electrolysis of the thin solution layer requires about 30 s, the
times of reaction initiation and quenching are estimated by
the graphical procedure in Figure 6. The resulting uncertainty
in tg is significant on the time scale of the benzidine rear-
rangement. For slower reactions where longer values of tg can
be used, this problem diminishes. In the case of the benzidine
rearrangement, further slowing of the reaction by lowering
the acid concentration results in loss of the pseudo-first-order
condition.

In comparing the double- and single-potential step methods,
the double-potential step technique is subject to the
above-mentioned uncertainty in tg, whereas the single-po-
tential step approach is insensitive to uncertainty in reaction
initiation time for a pseudo-first-order case. The double-
potential step technique requires a series of experiments at
varying tg values to obtain a kinetic plot. Kinetics information
can be obtained from a single experiment by single-potential
step.

An advantage of the double-potential step approach in the
azobenzene system is the much larger optical change obtained
as compared to the single-potential step. In principle, no
optical signal due to the reaction itself is necessary for ap-
plication of the double-potential step technique if the species
from which the reactive species is electrogenerated has
measurable spectral properties. This feature could be useful
for some systems.

Adsorption Effects. Adsorption of azobenzene and hy-
drazobenzene has been observed on mercury electrodes (15,
17, 18). Such adsorption effects have been taken into con-
sideration in the measurement of rate constants by elec-
trochemical techniques, since the adsorbed material con-

generated (i.e., azobenzene electrolyzed). A4y, the absorbance
change accompanying the second potential step, is a measure
of the amount of hydrazobenzene remaining after reaction
time tg. The reaction time, tg, was taken as the time interval
between the two intersections of the extrapolated dotted lines
for the forward and reverse potential steps as shown for curve
2.

A typical plot of In (AA;/AA}) vs. tg is shown in Figure 7.
The plot is linear as expected with the slope equal to the
pseudo-first-order rate constant k. Rate constants obtained

tributes directly to the current- or charge-response signal.
However, the thin-layer spectroelectrochemical approach using
a minigrid optically transparent electrode would be sensitive
to adsorption effects only in an indirect fashion. Transparency
of minigrids is due to holes which are 100% transmittant.
Material which is adsorbed on the gold bars of the minigrid
is not optically observable due to the nontransparency of the
bars themselves. Only the small amount adsorbed on the inner
edges of the holes might be observable by light grazing this
surface. Thus, any adsorbed hydrazobenzene that might be



rearranging at a different rate than the solution species is not
directly observed optically in the single-potential step ex-
periment. Adsorption would affect the data only if the re-
arrangement products desorb into solution and spectrally
contribute. This is unimportant in the azobenzene case, since
the products do not interfere spectrally at the wavelength
selected for monitoring.

In the double-potential step experiment, adsorption effects
would also be observable only indirectly if hydrazobenzene
and azobenzene adsorb differently at the two potentials in-
volved. The extent of adsorption of these species on gold
electrodes has not been reported. However, calculations
indicate that greater than monolayer coverages would be
necessary to affect the optical response by a measurable
amount.

CONCLUSIONS

Thin-layer spectroelectrochemistry is a viable technique for
measuring rate constants of reactions involving electrogen-
erated species when optical monitoring of the reaction is
possible. The time d in of the technique as impl ted
in this paper restricts its applicability to slower reactions. As
such, it complements the much faster spectroelectrochemical
techniques involving semi-infinite diffusion conditions where
the time domain is ca. 10 us to 60 s (7). The thin-layer method
is relatively easy to implement: no solving or simulation of
diffusion equations is necessary and no background corrections
are required as in most electrochemical techniques where
current or charge is the monitored response.
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Metallized-Plastic Optically Transparent Electrodes

R. Cieslinski and N. R. Armstrong*

Department of Chemistry, University of Arizona, Tucson, Arizona 85721

Polyester sheets covered with thin films of metal or metal oxide
can be used as optically transparent electrodes (MPOTE).
These new electrodes have low sheet resistivities and high
transparency to visible wavelength light—better than most
optically transparent electrodes. The flexibility of these
metallized polyester flims may facilitate their use In unusual
envlmnmema or cell geometries. Preliminary electrochemical,
ptical, and surf lytical data are p ted for gold and
Indlum/tln oxide MPOTEs. The gold MPOTE when covered
with a lhln unllrollecllon coa(lng of titanlum oxide, exhibited
ic beh Indicative of a pi , semi-

R e R

Films of metal or metal oxides of 100010000 A thickness
have been used as electrodes for several years (1-7). These
materials were first developed because of their optical
tr ency to visible wa gth light, and the field of
spectroelectrochemistry was developed as a result of their
widespread use. Metal or metal oxide films can be formed

by evaporation, sputtering, or chemical vapor deposition of
the conductive material onto substrates such as glass or quartz,
or other metals, if optical transparency is not desired. Thin -
film electrodes also enjoy the advantage of reproducible
surface properties (4, 7). Several electrodes can be made
simultaneously which will have identical surface chemical
composition and morphology. The use of thin film electrodes
has been restricted to cases where rigid substrates could be
employed and were difficult to fabricate into irregular or very
small electrode configurations. The expense and difficulty
of preparation of thin film electrodes with good optical and
surface properties has been a problem (2-4, 8).

Recently, polymer sheets, covered with thin films of metal
or metal oxide (metallized-plastic optically transparent
electrodes, MPOTE), have become commercially available (9).
Proprietary sputtering processes have resulted in the pro-
duction of some polyester-polymer sheets covered with less
than 1000 A of noble metals such as gold or metal oxides like
indium/tin oxide. The sheet resistivities of these materials
are exceptional for their thickness (down to 10 2/sq. for the
gold films; down to 15-200 Q/sq. for the indium/tin oxide

0003-2700/79/0351-0565801.00/0 © 1979 American Chemical Society
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films), and their transparency to visible wavelength light
appears to be as good or better than previously reported for
most optically transparent electrodes (OTEs) (1-8). The
substrate material is very flexible with no apparent degra-
dation of electrode properties under mechanical deformation.
This fact may lead to a variety of experiments with OTEs in
unusual geometries which could not have been previously
attempted. The cost of these new materials is also quite low
in comparison with previous thin film electrodes ($1.50/ft*
vs. $60-100/ft?).

We report here the first of a series of experiments designed
to exploit the unique properties of these new thin film
electrodes. Preliminary electrochemical, optical, and surface
analysis data are presented to demonstrate the utility of these
materials and to foster their further application. A metal oxide
coating applied to certain of the gold MPOTEs to improve
their optical transparency led to unusual electrochemical
behavior. Our preliminary characterizations of this new
metal/metal oxide electrode material are also detailed herein.

EXPERIMENTAL

The basic cell design used for electrochemical experiments has
been described previously (7). This design allows sandwich-like
positioning of the metallized plastic film electrode to a Teflon
body with a cell volume of approximately 10 mL. Geometric area
of the electrode was 0.5 cm® A potentiostat of conventional design
was used for all studies. Differential capacitance measurements
were made by modulating the electrode potential with a 400 Hz,
10-20 mV sine wave and measuring the quadrature component
of the potentiostat response with a Princeton Applied Research,
126, lock-in amplifier (1, 7).

Metallized plastic optically transparent electrodes (MPOTE)
were obtained from Sierracin/Sylmar (Sylmar, Calif.) under trade
names Intrex-G (gold) and Intrex-K (indium-tin oxide, ITO) films.
The electrodes were lhoroughl) cleaned in an ultrasonic cleaner
using ive gs of detergent, ethanol, and distilled water.

All aqueous SOIL“IOIIS were prepared from water which had been
distilled three times from alkaline KMnO,. All buffers were
prepared from potassium hydrogen phthalate, potassium di-
hydrogen phosphate, or sodium bicarbonate and either nitric acid
or sodium hydroxide. High purity, nonaqueous solvents were
obtained from Burdick and Jackson laboratories (Muskegon,
Mich.) and were passed through activated alumina just prior to
use. In all nonaqueous studies, tetraethyl ammonium perchlorate
(TEAP) was used as the supporting electrolyte which had pre-
viously been recrystallized from ethanol and dried under vacuum.
Reagent grade ferrocene (Eastman Kodak), bis(hydroxy-
methyl)ferrocene (Strem), and potassium ferricyanide (Mal-
linckrodt) were recrystallized twice from suitable solvents: methyl
viologen (1,1’-dimethyl-4,4"-bipyridium) (Aldrich) was used as
obtained.

XPS spectra were obtained on a GCA-McPherson ESCA 36
spectrometer using a magnesium anode operating at 300 W of
power. Vacuum was maintained at ca. 10® Torr. Preliminary
XPS spectra were also obtained by A. W. C. Lin (Ohio State
University) on a Physical Electronics 548 ESCA/Auger Spec-
trometer. SEM analysis was carried out using an ETEC-Autoscan
instrument. Small amounts of carbon were vapor-deposited on
the electrodes prior to analysis to prevent image-charging effects.

RESULTS AND DISCUSSION

Gold MPOTEs. Two types of gold MPOTE were in-
vestigated. One available form had a thin (ca. 300 A) gold
coating over the polyester substrate (sheet resistance ca. 6
Q/sq.). The second and more readily available form had an
additional titanium oxide coating over the gold film of ca. 1200
A thickness (10). The visible spectra of the gold and titanium
oxide-coated gold MPOTEs compared favorably with previous
electrodes (2). The gold MPOTE had an absorbance mini-
mum of A = 0.30 at Ay, = 550 nm. The addition of the
titanium oxide coating improves the optical transparency (A,
= 0.20), but at the expense of certain electrochemical pa-
r ters di d below. Prel y XPS data indicated
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Figure 1. Cyciic of pH 5 aq buffer at (a) titanium

oxide-coated gold MPOTE, (b) uncoated gold MPOTE, and (c) indium/tin
oxide MPOTE. Scan rate, 20.4 mV/s. Geometric area of the electrode
was 0.5 cm?

that the titanium oxide coating was sufficiently thick and
uniform and that no gold signal was detectable (Au 4f lines);
that is, the coating thickness must be at least 30 A thick (7).
The binding energies of the O(1s) line and the Ti(2ps,) line
indicated the surface to be composed chiefly of TiO, [O(1s)
= Ti(2p3/2) = 71.5 ev (11)}. The pure gold MPOTE showed
only the gold XPS transitions and small amounts of oxygen
and carbon which may be present as contaminants or as
functionalities of the polyester substrate (12).

Scanning electron microscopy of the coated and uncoated
gold MPOTE showed a uniform film structure—better than
previously reported for most thin film electrodes (1). The
average surface defect size was less than 0.1-um diameter.

Figure 1 shows the voltammetric response of the gold
MPOTE and the gold/titanium oxide MPOTE. Both elec-
trodes show the response predicted for gold in aqueous media;
gold oxide formation and reduction occurred near the expected
potentials. The hydrogen overvoltage of these gold films was
extended somewhat over bulk gold, but excursions of the
MPOTE potential into the hydrogen evolution region also
caused deterioration of the film. The films were otherwise
stable during successive cycles of the potentials of the MPOTE
over the rest of the usable voltage window. Similar results
were obtained in pH 1, 3, 7, 11.7, and 13 solutions, although
some film decomposition was noted in the more basic media.

We find it interesting that the presence of the titanium
oxide coating appears to have little effect on the gold surface
oxidation or reduction. The computed charge transferred
during gold oxide reduction was nearly the same on both types
of film. This observation would suggest a more porous ti-
tanium oxide film structure than observed by surface analysis.
Differential capacitance studies of the uncoated and titanium
oxide-coated gold MPOTE confirmed this porous surface
structure (1, 4, 7). Capacitance values at +0.8 to -0.4 V vs.
Ag/AgCl were ca. 3-6 uF'/cm? for the uncoated gold MPOTE
and were two to ten times larger for the titanium oxide-coated
gold electrode depending upon solution pH. The most porous
electrode structure was observed in acidic solutions, pH = 1,
where some decomposition of the titanium oxide film was
noted (see below). The position of the capacitance minimum
was generally shifted to more cathodic potentials on the coated
vs. uncoated gold electrodes.

The faradaic electrochemical response of the uncoated vs.
the titanium oxide coated gold MPOTE electrodes was quite
different in both aqueous and nonaqueous media. Cyclic
voltammetry of 10 ¥ M ferricyanide solutions was carried out
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Figure 2. Cyclic voltammogram of 1 X 10 M ferricyanide in pH 5
buffer at (a) d gold MPOTE, (b) titanium oxide coated
gold MPOTE, and (c) indium/tin oxide MPOTE. (Better CV response
was observed for BHMF oxidation and MVZ* reduction on this electrode.)
Scan rate, 50.6 mV/s

for both types of gold film. In pH 1 and pH 5 buffers, the
uncoated gold MPOTE showed normal electrochemical ac-
tivity (Figure 2). Scanning only from 0.850 to -0.450 V vs.
Ag/AgCl, the gold/titanium oxide MPOTE showed no de-
tectable faradaic activity for ferricyanide reduction (Figure
2b). In strong acid, pH = 1 solution, typical faradaic activity
for ferricyanide was restored for the coated electrode if the
MPOTE potential was scanned first into the gold oxide region
(E 2 1.4 V). Films examined after such potential scans (with
or without ferricyanide present) were different in appearance,
had a lower surface resistivity than the titanium oxide-coated
film and showed little titanium and significant amounts of
gold when examined by XPS. The electrochemical formation
of the gold oxide in strong acid media apparently solubilizes
the titanium oxide overcoating allowing for uninhibited
faradaic activity. In pH 5 buffers, no dissolution of the ti-
tanium oxide coating was observed even after repeated ox-
idation/reduction cycles of the gold. No faradaic activity of
ferricyanide developed as was observed in the more acidic
media.

The cyclic voltammetric oxidation of bis(hydroxy-
methyl)ferrocene (BHMF) and reduction of benzoquinone
(BQ) were likewise completely inhibited on the titanium oxide
coated gold electrode, unless the coating was electrochemically
removed.

The cyclic voltammetric reduction of methyl viologen
dication (MV?* + ¢~ = MV*.) was attempted in pH 5 and pH
7 buffers on the coated gold electrode and the electrochemi
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Figure 3. Cyciic voltammogram of 8 X 10~ M ferrocene in 0.1 M TEAP,

propylene carbonate on (a) gold, (b) OX-
Ide-coated gold, and (c) indium/tin oxide MPOTEs. Scan rate, 20.4 mV/s

the gold oxide formation and reduction, but severely inhibits
faradaic activity of several electroactive species—possibly by
excluding them from the gold interfacial region and/or in-
hibiting electron transfer for all but the most negative redox
couples (e.g., MV?**/MV*.) which have equilibrium potentials
approaching the flat-band potential of TiO,.

The voltammetric behavior of the gold and gold/titanium
oxide MPOTEs was also examined in several nonaqueous
solvents—acetonitrile, dimethyl sulfoxide, dimethylformamide,
and propylene carbonate. The stability of the films was quite
good in all of these solvents. Both the conductive and
nonconductive sides of the films could be exposed to the
solvents without apparent degradation or appreciable swelling.
The usable potential window for all solvents was 100-200 mV
greater for the MPOTEs than gold films on glass. The cyclic
voltammetric behavior for ferrocene was examined on both
films in the above solvents—the results were similar in all
cases. On the uncoated gold MPOTE, normal cyclic volt-
ammetric behavior was observed (Figure 3a).

On the gold/titanium oxide MPOTE, quite unexpected
behavior was noted (Figure 3b). As the potential was scanned
anodically, an increase in current was observed at the ferrocene
oxidation potential; however, the current voltage curve reached
a plateau rather than a peak. The height of this current
plateau was a factor of 10-20 less than the peak current for
a gold electrode of the same geometric area. The magnitude
of this current plateau was independent of scan rate from 1
to 500 mV/s and seemed to be independent of convection rates
when the solution was stirred. If the potential was held at
a point beyond the normal oxidation peak potential, little
decrease in current was noted as a function of time. Upon
scanning cathodically, no net negative current were observed

corresponding to reduction of the ferricenium cation. Similar

and spectroelectrochemical response compared with the
normal gold MPOTE. The cathodic peak potential for the
MV?* reduction occurs within 200 mV of the onset of hydrogen
evolution on the normal gold electrode, but can nevertheless
yield reasonable cyclic voltammetric behavior for a reversible,
one-electron reduction. On the oxide coated MPOTE, a small
cyclic voltammetric wave for the MV?* reduction was noted,
superimposed upon the hydrogen evolution wave. The total
peak current was ca. 10% of the value noted for the normal
gold MPOTE but visual and spectrophotometric observation
of the blue MV*. radical cation could be made after elec-
trolysis.

The results of the aqueous voltammetric experiments show
reasonable behavior for the uncoated gold electrodes, but
unique response for the coated gold electrodes. The titanium
oxide coating apparently allows solvent permeation to facilitate

results were obtained for the reduction of MV?* in DMF. A
current plateau was observed (ca. 10% of the normal current
density) near the normal reduction potential of MV?* with
no reverse oxidation current seen in the cyclic voltammetric
scan.

In nonaqueous solvents, the titanium oxide coating ap-
parently inhibits both mass transfer and charge transfer in
an interesting fashion. The oxidation wave for ferrocene
appears as might be expected if diffusion through a semi-
permeable layer were controlling the current flow rather than
diffusion through solution. The lack of reversible behavior
remains unexplained and is the subject of future experiments
(13).

Indium/Tin Oxide Films. The indium/tin oxide (ITO)
MPOTEs were specified to be less than 50 nm in thickness.
This is a factor of ten less than normal ITO OTEs which ieads
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to a considerable improvement in the optical properties of
these films. Absorbance values of less than 0.2 were observed
from 400 to 800 nm with no indication of the interference
fringes which plague thicker ITO or tin oxide film electrodes.
This observation, coupled with the good electrochemical
properties of these films, should lead to new spectroelec-
trochemical applications of these electrodes.

Preliminary XPS data showed the predicted elemental
analysis for indium, tin, oxygen, and carbon. The indium to
tin relative atomic ratio was computed from the XPS in-
tensities (1, 1) and was found to be ca. Ny,/Ng, = 15.0.
Previous surface analyses of ITO thin film electrodes have
generally shown higher tin surface concentration, Ny,/Ng, =
3.10 (1).

Scanning electron microscopy of the ITO MPOTE showed
a similar surface structure to that of the gold MPOTE. The
average surface defect size was less than 0.1-um diameter;
significantly better than previously reported electron mi-
croscopic data for such metal oxide electrodes ().

Voltammetric scans of these ITO MPOTEs in pH 3, 5, 7,
and 10 buffers showed behavior similar to previously published
experiments (Figure 1c) (I, 2). In the pH 10 buffer, the
electrode coating proved unstable after one voltammetric scan.
The coating appeared stable to successive scans in the other
solutions. Solutions of ferricyanide and bis(hydroxy-
methyl)ferrocene (BHMF) and methyl viologen (MV?*), 10?
M, were electrochemically active on the ITO MPOTE with
reasonable voltammetric response for certain electroactive
species. Cyclic voltammetric peak potential separations AE,,
=600 mV, AE, = 120 mV, and AE,, = 260 mV were observed
for femcyamde (Figure 2c) and BHMF oxidations, and (MV?*)
reduction, respectively, at scan rates of 50.6 mV/s. The
nonaqueous electrochemical behavior for these films was
acceptable only for certain electroactive species. The oxidation
of 10 M solutions of ferrocene in propylene carbonate gave
peak potential separations of AE,, = 920 mV whereas BHMF
had a value of AE; = 120 mV, at a potential scan rate of 20.4
mV/s (Figure 3c).

Differential capacitance data obtained for the ITO films
gave linear 1/C? vs. potential relationships. A calculation of
the apparent carrier density, n,, was carried out from the
Mott-Schotkey (MS) relationship and was found to be n, =
1.7 X 10* cm™ in comparison with a value calculated from
the XPS data, n, = 5.2 X 10% cm™. The flat-band potential
determined from the 1/C* = 0 intercept of the MS plots
shifted ca. 60 mV/pH as expected.

Spectroelectrochemical experiments with the ITO electrodes
were conducted using the one-electron reduction of methyl
viologen (MV?* + e~ == MV*.). The cation radical formation
was easily monitored at 604 nm (A,,,) in chronoabsorptometric
experiments—however linear absorbance vs. t'/? behavior was
observed only at short electrolysis times (¢t < 10 s). The
absorbance/time behavior at the wavelength maximum

reached a plateau at long electrolysis times (¢ > 60 s), in-
dicative of adsorption or depletion of the electroactive species.
We have observed this phenomenon in the voltammetric
response of other viologens which may lead to electrochromic
display applications of the MPOTE (13).

It is clear that the indium/tin oxide films behave nearly
as well as similar films of greater thickness. This property
may lead to new experiments where a thicker semiconductor
film would be optically or electronically undesirable (2).

CONCLUSIONS

The metallized plastic optically transparent electrode
represents an interesting new development in thin film
electrode technology. The low cost and excellent optical
properties of the MPOTE alone are unique. The ease of
manipulation of small and/or distorted electrode geometries
with the metallized polyester films may facilitate their use
in unusual environments. Thin-layer electrochemical cells,
with the electrode bonded to the inner wall of a narrow glass
tube, are easily manufactured (13). The electrodes can be
inserted in any cavity to 0.003 inch with a width constrained
only by the skill of the experimenter in cutting the plastic
sheet. We are also exploring the possibility that chemical
functionalities from the polyester substrate could be used for
covalent attachment sites for purposes of electrode chemical
modification (13). The titanium oxide coating on the gold
MPOTE may also lend itself to such an application. Mul-
tilayered electrochemical solar cells are also a possible ap-
plication of these new metallized plastic films (14).
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Determination of Nitrogen and Oxygen Functional Groups in

Coal-Derived Asphaltenes

Irving Schwager and Teh Fu Yen*
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Coal-derived asphalt and thelr derivati Isolated from
five demonstration coal liquefaction processes ( PAMCO SRC,
Catalytic Inc. SRC, HRI H-Coal, Syntholl, and FMC-COED)

were analyzed for hydroxyl by sllylation followed by
proton NMR analysis. Nonbasic py nitrogen content was
determined for these asphalt by el tal analysis afier

h

they were separated by elution tography, and
treated further by methylation with methyl lodide to remove

Idual basic asphalt Nonhydroxylic ether oxygen, and
basic pyridine-like nitrogen content were calculated by dif-
ference from total oxygen and nitrog btained from ele-
mental analysis. Infrared absorbitivity values were determined
from the OH and NH absorption bands of these asphaltenes,
and found to give linear correlations with the weight per-
centages of OH, and pyrrolic nitrogen:

Absorbtivityoy = 0.066 = 0.002 wt% OH (1)
(L/g-cm)

Absorbtivityny = 0.052 £+ 0.006 wt% pyrrolic nitrogen (2)
(L/g-cm)

Coal-derived asphaltenes, defined operationally as soluble
in benzene and insoluble in pentane, consist of highly
functionalized, highly aromatic, high molecular weight
components of the coal liquefaction products. All direct coal
liquefaction processes produce a coal liqud which contains
varying amounts of asphaltenes. Whether coal liquids are
ultimately to be used directly as a utility fuel, or upgraded
for use as a home heating oil, motor fuel, or chemicals
feedstock, it is important to know as much as possible about
the composition and character of the nitrogen- and oxy-
gen-containing asphaltene compounds present in the liquids
as they may be important in terms of air pollution, health
hazards, refining conditions and catalysts, and precursors of
useful chemicals.

The purpose of this work is to report such data for coal-
derived asphaltenes obtained from a wide range of coal li-
quefaction processes (1): PAMCO SRC, Catalytic Inc. SRC,
HRI H-Coal, Synthoil, and FMC-COED, and to determine
infrared absorptivity values for OH and NH groups in such
species which will simplify such calculations in future work.
Our method of deter the ration of phenolic
groups in coal-derived asphaltenes is silylation followed by
proton NMR analysis (2). Our method of determining
nonbasic pyrrolic groups is chromatography of the coal-derived
asphaltenes on silica gel (3). The benzene eluted fraction
affords little or no pyridine-like basic asphaltenes. In order
to completely remove any such basic asphaltenes, a second
prooedure, meLhylatlon with methyl iodide, is carried out. The

hal from this step are then analyzed,
and the percentage mtmgen is assumed to be pyrrohc nitrogen.
This method is generally applicable except in the rare cases
where amide-type nitrogen may be present.

California, Uni

ty Park, Los Angeles, California 90007

EXPERIMENTAL

Coal-derived haltenes were sep d by solvent frac-
tionation (I) from coal liquids produced in five major demon-
stration liquefaction processes: Synthoil, HRI H-Coal, FMC-
COED, Catalytic Inc. SRC, and PAMCO SRC. The asphaltenes
were further separated by exhaustive solvent elution chroma-
tography on silica gel with benzene, diethyl ether, and tetra-
hydrofuran (3). Baker analyzed reagent grade silica gel (60-200
mesh) was used as obtained after initial work showed no significant
improvements in results could be obtained by thermally activating
the silica gel. Preliminary experiments were carried out with
analytical columns, at high adsorbent-to-sample rations, to select
combinations which afforded the desired separation and recovery
of the asphaltenes. Preparative scale operations were then carried
out with a large 50 X 500 mm column. The column was slurry
packed with 400 mL of silica gel in benzene, and topped with layers
of 60-80 mesh nonpolar Fluoropak 80 (The Fluorocarbon Co.,
Anaheim, Calif.) and sand. Accurately weighed samples (4-5 g)
of asphaltenes, dissolved in a mini volume of b were
carefully charged to the top of the column, and the columns
exhaustively eluted with benzene (=4L), diethylether (=2L), and
THF (=1L). Solvents were removed by rotary evaporations, and
powders were obtained duecv.ly. or by freeze-drying the samples
fromb The luted fractions and, in one
case, a nonbasic fraction, obtained by HCI precipitation of basic
asphaltenes were further treated to remove any residual basic
compounds by methylation. Methylations were carried out in
benzene with a large excess (35/1) of methyl iodide. The reaction
solutions were refluxed for one week, and any benzene insoluble
product was removed by filtration. The benzene soluble products
were recovered by freeze drying the concentrated benzene so-
lutions.

Trimethyl silyl ethers of were 8! d by
refluxing the asphaltene with excess 1,1,1,3,3 3-hemmel.hyl—
disilizane (HMDS), and catalytic of trimethylchl
and pyridine in either benzene or tetrahydrofuran (4). After
removal of liquids by rotary evaporation, the silyl derivatives were
fi dried to powders from b and dried under vacuum
to constant weight. The number of trimethylsilyl groups in-
troduced was determined by proton NMR analysis (2) after the
silyl derivative was checked by infrared in dilute solution to ensure
complete removal of hydroxyl groups. Under the conditions used
to silylate the asphal nitrogen-¢ ing functional groups
in coal have been reported not to react to form derivatives (5).
We found no evidence for NH silylation by examining the NH
absorption band of the asphaltenes before and after silylation by
infrared spectroscopy.

Elemental analyses were carried out with standard procedures
by the ELEK Microanalytical Labs., Torrance, Calif., and
Huffman Laboratories, Wheatridge, Colo. Molecular weights were
determined in our laboratory with a Mechrolab Model 301A Vapor
Pressure Osmometer. In normal runs, 6-8 concentrations in the
range of 4-39 g/L were employed in the solvents benzene or
tetrahydrofuran for extrapolation to infinite dilution (6).

Infrared spectra were obtained from dilute solution of deu-
terochloroform or carbon disulfide on a Beckman Acculab 6 IR
or as KBr disks. The solution spectra were obtained in either
sodium chloride cells, or in 1-cm matched near-infrared silica cells.
The CDClI; spectra contain, in addition to asphaltene OH and
NH bands, two water bands at 3690 and 3600 cm™ from ad-
ventitious water contamination of the CDCl; and/or the as-
phaltene. Because the 3600 cm™ H;0 band appears at the same

ol
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Table I. Assignment of IR Bands for Asphaltene Spectra
in CDCI, in the OH and NH Region

wave number, cm™! assignment

3690 water

3600 water

3600 free phenolic OH

3540 associated phenolic OH or
OH independent of phenolic
OH

3470 pyrrolic NH

3400 other NH, possibly amines

and/or amides

3400-3200 (broad) H-bonded acidic components

Table II. Infrared Absorptivity Values for Asphaltene
OH and NH Stretches

absorptivity, a
OHgrp  NHgrp

(3600 (3470
cm™') cm™')
asphaltene (L/g-cm) (L/g-cm)

Synthoil 0.15° 0.045°
Synthoil benzene eluted 0.10 0.062
Synthoil ET,0 eluted 0.26 0.023
Synthoil THF eluted 0.06 0.026
HRI H-coal 0.18 0.044
FMC-COED 0.39 0.024
PAMCO SRC 0.19 0.058
Catalytic Inc. SRC 0.22 0.037

¢ Typical least squares equation, Agy = 0.145 + 0.003
g-cmlL + 0.037 + 0.012; correlation coefficient, 0.999.

Typical least squares equation, Ay = 0.0454 + 0.0005
g-cm/L + 0.0047 + 0.0005; correlation coefficient, 0.999.

position as the asphaltene monomeric OH band, it was subtracted
from the asphaltene OH band. Since the absorbance ratio of the
3600 cm™! band to the 3690 cm™ band is 0.32, this factor was used
to correct for H,0 absorbance when quantitative measurements
were carried out.

Proton NMR Spectra were obtained on a Varian T-60
Spectrometer. The solvent used was 99.8% DCCl, with or without
1% TMS.

RESULTS AND DISCUSSION

Assignments for the various peaks in the OH and NH
region, shown in Figure 1 and Table I, are well established
from earlier work on petroleum fractions (7, 8) and coal-
derived asphaltenes (9) with the exception of a small 3540 cm™
band. The band at 3540 cm™ was assigned to a =-hydrogen
bonded phenolic OH for phenolic species in petroleum dis-
tillates (7). For Synthoil asphaltene, it was reported that
temperature studies indicate that the 3590 cm™ and 3560 cm™
bands do not change relative to one another. This was taken
to mean that the second band was not from an intramolec-
ularly =-bonded phenolic hydroxyl group (9). Workers at
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Figure 1. Partial IR spectra of Synthoil asphaltene and silylated Synthoil
asphaltene in the OH and NH region (CDCl,, 1-mm path)

PERC (10) report that this band was not completely removed
from the infrared spectrum of the TMS derivative of a
Synthoil acid/neutral asphaltene fraction although the free
phenolic OH stretching band at 3600 cm™ was completely
removed on silylation. They suggest, therefore, that this band
belongs to an independent species, and may be due to car-
boxylic acid structures. We, on the other hand, have observed
essentially complete loss of this band on silylation of many
asphaltenes (Figure 1), which suggests that this band could
be from a species capable of being silylated. Others have
assigned this band to an intramolecular-associated phenolic
OH (and/or a weaker carboxylic acid OH) (11).

Infrared spectra were run in dilute CDCl; solution down
to 0.3 g/L where self-association between asphaltenes is not
significant (6). Plots of absorbance vs. concentrations were
generally linear below concentrations of 10 g/L and could be
extrapolated to a value of near zero at infinite dilution.
However, some of the asphaltenes (FMC-COED, Catalytic Inc.
SRC) afforded deviations from linearity at concentrations
approaching 5 g/L. Such deviations support the general
premise that asphaltene association via hydrogen bonding (6,
12-14) and concomitant loss of monomeric OH absorption are
related. The extrapolated slopes of the linear portion of such
plots were used to obtain absorptivity values (Table II).
These values for apy afforded a good linear correlation with
weight percent OH, determined by the silylation method (apy

Table III. Synthoil Asphaltene and Silica Gel Chromatography Fractions, Nitrogen and Oxygen Analyses

oxygen, %

nitrogen, %

wt. %
sample total® hydroxyl® ether® total? pyrrolic® basic’ fraction
benzene eluted 2.39 1.61 0.78 1.07 1.24 (0) 45
ET,0 eluted 5.40 4.11 1.29 2.30 0.45 1.85 37
THF eluted 5.97 1.19 4.78 2.86 0.52 2.34 18
original 3.89 2.67 1.22 1.74 0.93 0.81 100
asphaltene

calculated 4.15 2.45 1.69 1.84 0.82 1.02 100

total asphaltene

@ By difference from ultimate analysis, error + 1.5%, estimated sum of all errors. ® From NMR analysis of trimethylsilylat-
ed asphaltene TMS area, error + 3%, as determined by replicate measurement. € Total oxygen — hydroxyl = ether. d From
ultimate analysis. ¢ From IR absorbtivity NH stretch, error + 12%, as determined from least-squares standard deviation of
slope of correlation line.  Total nitrogen — pyrrolic = basic.
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Table IV. Asphaltene Oxygen and Nitrogen Analyses

nitrogen, %

oxygen, %

asphaltene total? hydroxy?
Synthoil 3.89 2.67
HRI H-coal 4.96 2.92
FMC-COED 7.11 5.88
PAMCO SRC 4.67 2.96
Catalytic Inc. SRC 4.58 3.65

ether® total? pyrrolic® basic”
1.22 1.74 0.93 0.81
2.04 1.61 0.88 0.73
1.23 1.70 0.47 (1.23)%
1.71 1.57 1.16 0.41
0.93 1.25 0.73 0.52

@ By difference from ultimate analysis, error + 1.5%, estimated sum of all errors. ® From NMR analysis of trimethyl-
silylated asphaltene TMS area, error + 3%, as determined by replicate measurement. € Total oxygen — hydroxyl = ether.
d From ultimate analysis. “ From IR absorbtivity NH stretch, error + 12%, as determined from least-squares standard
deviation of slope of correlation line. ! Total nitrogen — pyrrolic = basic. ¥ This sample showed IR absorption at 3400
cm™' which may belong to amide type NH, therefore, total nitrogen — pyrrolic = basic + amide nitrogen.

= 0.066 £ 0.0021 wt % OH - 0.012 % 0.007, correlation
coefficient = 0.997), and a fair correlation between ayy and
weight percent pyrrolic nitrogen obtained form elemental
analysis of chromatographically separated or HCl-treated
asphaltenes which were also subjected to methylation to
remove remaining basic nitrogen (ayy = 0.052 £ 0.006 wt %
NH - 0.001 % 0.006, correlation coefficient = 0.96). These
methods for determining phenolic oxygen and pyrrolic ni-
trogen are believed to be superior to methods which require
the use of low molecular weight model compounds. Snyder
(7, 15) has shown that molar absorptivity values show a
decrease with increasing molecular weight for carbazoles and
sulfoxides from petroleum. He attributes the decrease to
increased crowding of the infrared active groups by adjacent
alkyl groups within the same molecule as the extent of alkyl
substitution is increased.

These results may be used to calculate ether oxygen and
basic nitrogen by difference from total oxygen and nitrogen.
This method was applicable to all cases except for the
FMC-COED asphaltene where IR absorption bands were
observed at 3400 cm™ and 1650 cm™! which may be assigned
to the NH and C=O0 stretches of the amide nitrogen (8). In
such cases, a correlation would have to be developed for
calculating separate amide and basic nitrogen concentrations.
The results for Synthoil asphaltene and its silica gel chro-
matography fractions are presented in Table IIl. When the
values for the separated asphaltene are arithmetically
combined, the calculated total asphaltene values obtained are
in good agreement with the values obtained experimentally
for the original unseparated asphaltene. The results indicate
that the benzene-eluted fraction contains high proportions
of OH and NH (OH/Oy = 0.67, NH/N,a ~ 1). The diethyl
ether-eluted fraction contains a large proportion of OH and
a small fraction of NH (OH/O,, = 0.76, NH/N,.1 = 0.20).
The THF-eluted fraction contains only small proportions of
OH and NH (= 0.20 each). The starting unseparated as-
phaltene contains a majority of both OH and NH (0.69 and
0.53, respectively). The presence of phenolic and pyrrolic
species in the basic fractions tends to support the idea that
asphaltenes are made up of amphoteric molecules containing
both acid/neutral and basic groups as well as acid/neutral,
and basic molecules.

The oxygen and nitrogen analyses for asphaltenes from five
demonstration processes are presented in Table IV. The

results show that the OH/O,,, values range from 0.59 to 0.83,
and the pyrrolic NH/N,,, values generally range from 0.53
to 0.74. The FMC-COED pyrrolic NH/H,,, value could not
be determined accurately because of the presence of possible
amide type NH functional groups absorption at 3400 cm™.

CONCLUSION

We believe our infrared spectroscopic procedure for de-
termining nitrogen and oxygen functional groups in coal-
derived liquid products is simpler and more rapid than al-
ternate procedures based on nonaqueous titrations (16).
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Determination of Nitrogen in Atmospheric Aerosols by Proton

Activation Analysis

Mark Clemenson, Tihomir Novakov, and Samuel S. Markowitz*

Department of Chemistry and Lawrence Berkeley Lab Y, Unit

Nuclear reactions Induced by low-energy protons are used to
determine total nitrogen in atmospheric aerosols. Radioactive
¢, a 20.4-min positron emitter, is defected unambiguously
via its 0.511-MeV annihilati diation following the "*N(p,-
«)''C reaction. The detection sy ists of a Ge(Li)
y-ray spectrometer that Is calibrated for its absolute detection
efficiency with Na dards. The method Is nond
of the sample, permitting the same sample to be studied by
other exp such as electron spectroscopy for chemical
analysis. A comparison of nitrogen found by our proton
activation method with that found by an Independent but
destructive combustion method gave an average percent
difference of 14% for 17 pl lyzed over a
tration range that spans two orders of magnitude. Using
realistic proton Intensities and y-ray detection coefficients, we
th a gen detection limit of approxi ly 0.1 ug/cm?,
corresponding to 200 ppm in an aerosol sample of thickness
500 ug/cm?

uctive

‘The recent discoveries of the important role of atmospheric
aerosols in the chemistry of the polluted urban environment
have led to intensified research efforts to determine the origin
and nature of these particles (1-5). This research has already
shown that the majority of the mass of these particles is made
up of low-Z elements such as carbon, oxygen, nitrogen, and
sulfur (6, 7). The development of new methods that are
capable of the rapid and nondestructive determination of these
elements in atmospheric aerosols on a routing basis is an
important short-term goal. The work of Macias and co-
workers in this area is an important contribution (8). Their
method of light-element determination involves the “in-beam™
measurement of y rays from the inelastic scattering of protons.
The method, however, does require lengthy use of accelerator
time. This paper will describe a new method, both rapid and
nondestructive, for the determination of nitrogen in aerosol
particles. This simple activation method is quite sensitive and
requires only a short amount of beam time (1 min in most
cases) for each sample analysis. This method is also applicable
to the other low-Z elements mentioned and is presently in the
development stage for those elements.

The X-ray fluorescence method, an important tool in the
determination of heavy-element concentrations, is of little use
for low-Z elements because of large X-ray absorptive effects
and low fluorescence yields. Neutron activation analysis is
also limited by low reaction cross sections and the unsuitability
of the induced radioactivity for counting. There has been,
however, some interesting work done on the determination
of sulfur in environmental materials using neutron-capture
prompt y-ray spectrometry in an elaborate setup at the Los
Alamos reactor by Jurney, Curtis, and Gladney (9). Com-
bustion analysis, of course, is a useful tool for the analysis of
most of the important low-Z elements; however, it is not a very
sensitive technique. It is also destructive of the sample and
thus does not allow other analyses to be performed on the
same sample. These difficulties have led us to develop a new
method of determination of one of the low-Z elements, ni-
trogen, utilizing protons of sufficient energy to induce the

of C: ia, B

y. California 94720

1“N(p,a)''C reaction. The radioactive decay of the 20.4-min
U1C is followed via its 0.511-MeV annihilation radiation. The
method offers a simple approach to the problem of nitrogen
analysis in atmospheric aerosols and is applicable to the
routine analysis of these particles for nitrogen.

The activation analysis method offers several advantages,
most of which are ideally suited to aerosol analysis: (a) high
sensitivity, (b) nondestructive analysis, and (c) need for only
a small amount of sample. A useful description of the
charged-particle analysis method, including the pertinent
equations, has been offered by Markowitz and Mahony (10);
the recent article by Lyon and Ross (1) reviews current
advances in the field.

EXPERIMENTAL

Targets. The targets used to determine the “N(p,a)''C
excitation function were prepared by vacuum-evaporation of
melamine, C3NgHg, onto 0.001-inch aluminum foils. The thickness
of the melamine ranged from 0.5 to 3.5 mg/cm? The targets were
2.2-cm diameter and the proton beam was collimated into a 1.3-cm
diameter central spot.

Irradiation. Irradiations were performed at the Lawrence
Berkeley Laboratory 88-inch cyclotron. The initial energy of the
proton beam was 16.0 MeV. Aluminum foils were placed in front
of the sample foils to degrade the beam from the initial energy
to the desired energy for each irradiation. The range-energy tables
of Williamson, Boujot, and Picard were used to calculate the
required aluminum thickness (12). The length of bombardment
was 1 min and the average beam intensity was 1 uA. The targets
were irradiated at different energies by the stacked-foil technique.
The total charge received from the Faraday cup was measured
by an integrating electrometer.

Counting. The irradiated samples were analyzed by detecting
the 0.511-MeV positron annihilation radiation of ''C using a
high-resolution Ge(Li) detector coupled to a computer-controlled
4096-channel analyzer with a magnetic tape unit. The use of this
system allowed the collection of y-ray information up to 2.0 MeV
with a resolution of 2.0 keV (full width at half maximum) at the
1.3325-MeV 1y ray of ®Co. The information obtained using this
system permitted a more complete identification of the other
radionuclides produced during the irradiation and also protected
against y-ray interferences which might not be detected with a
low-resolution system such as Nal spectrometry (6-7% resolution).
After the high-resolution system has demonstrated that there are
no y-ray interferences, a counting system consisting of a Nal
detector and a single-channel analyzer could be used.

The Ge(Li) detector used for this work was manufactured by
Ortec, Inc., and has an active volume of 60 cm3. The decay of
the 0.511-MeV v-ray photopeak of an activated melamine target
is shown in Figure 1. The decay is a single component with a
20.4-min half-life corresponding to the decay of ''C in the target.
In the geometry [~3 cm from the Ge(Li) crystal face] used to
count the samples, the 0.511-MeV overall detection coefficient
(ODC) was determined to be 1.86%. ODC = (c/m) in the
photopeak/(d/m) from the source. It was determined with a ?Na
calibrated standard, obtained from the International Atomic
Energy Authority, Vienna. The decay curves were analyzed using
the CLSQ computer code (13).

RESULTS

Excitation Function. The absolute cross sections at
several energies were calculated for the N(p,a)!'C reaction
using the melamine targets. The result is the excitation
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Figure 2. Excitation function for the 'N(p,a)''C reaction

function shown in Figure 2. This excitation function agrees
with the “N(p,a)"'C excitation function measured by Epherre
and Seide (14). The errors in precision are determined to be
about 1% (standard deviation) for counting statistics and
decay-curve calculation of the end-of-bombardment counting
rate, Ap. The other uncertainties in the excitation function
include (a) determination of the integrated charge, (b) uni-
formity of the thickness of the targets, (c) determination of
the overall detection coefficient, and (d) possible gas losses
during irradiation. Any nuclear recoils of !'C are caught in
the aluminum. The combined uncertainties lead to an es-
timated accuracy in the absolute excitation function of about
5%.

Interferences. Two types of interferences must be
considered in an activation analysis using y-ray spectroscopy.
The first type of interference is from the production of ac-
tivities of similar half-life and v-ray energy to the activity of
interest. This type of interference can usually be minimized
by use of high-resolution Ge(Li) detectors, but it does present
a potential problem in the experiment being described.
Because the vy ray being counted is the 0.511-MeV positron
annihilation radiation, there will be contributions to this
photopeak from all other §*-emitting nuclides that may be
created in the bombardment. This type of interference,
however, has not been a serious problem because the desired
product, ''C, is by far the dominant 8*-emitting nuclide
produced and is easily resolved in the decay-curve analysis.

The second type of interference which must be considered
is the production of the radi lide of interest from an
element other than the one under analysxs If the "C ra-

lide is produced from any el t other than nitrogen,
the amount of ''C produced is not proportional to the amount
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Table I. Nuclear Reaction Th
of Interest and the Pri

hold lor the Reacti

1 Intorf:

Reaction threshold, MeV
“N(p,a)"C 3.1
"B(p,n)"'C 3.0
2C(p,pn)"'C 20.3°
O(p,ad)"'C 25.1
F(p,aan)"'C 18.1

@ The (p,d) threshold is 17.9 MeV.

of nitrogen in the sample and an error in the analysis will
result. It is important that all the possible interfering reactions
be identified and their significance be determined. The
possible interfering nuclear reactions of importance are listed
in Table I. The reaction of interest for the nitrogen analysis
is listed first. Of the four possible interfering reactions listed,
the last three are totally eliminated by selection of an irra-
diation energy below their reaction threshold. If the aerosol
irradiation is carried out below a proton energy of 15 MeV,
these reactions energetically cannot occur. Most notably, there
is no interference from carbon, which constitutes a large
fraction of the bulk aerosol. The only interfering reaction
which cannot be eliminated by a proper choice of the proton
energy is the 'B(p,n)"'C nuclear reaction. This reaction has
a threshold very similar to that of the reaction of interest.
Large concentrations of boron will interfere with the nitrogen
analysis. It has been shown, however (15), that boron con-
centrations are at least two orders of magnitude lower than
nitrogen concentrations in typical urban aerosols; therefore,
boron is not a significant interference.

Aecrosol Sample Analyses. The silver-membrane filter
was found to be the best type of filter for the collection of the
ambient aerosol; it is only slightly activated during the proton
irradiation. This permits the most sensitive detection of the
4 radiation from the activation of the aerosol itself. The silver
filter was only slightly activated because the irradiations were
carried out below the Coulomb barrier of 8.4 MeV for protons
on silver. Carbon- and oxygen-containing filters were found
to be unsuitable because of the production of large amounts
of N and ®F from the *0(p,a)"*N, *C(p,n)!*N, and '#0-
(p,n)'®F reactions. The production of 10.0-min N and
109.8-min '®F in quartz and Nuclepore filters interferes with
the detection of the 20.4-min !'C from the activation of the
nitrogen in the relatively small mass of aerosol deposited on
the filters.

The aerosol loading on the silver filters was approximately
500 pug/cm? for a typical filter sample. Two filter samples were
irradiated in a single stack at proton energies of 7.5 and 6.0
MeV. Aluminum foils were used Lo degrade the beam energy
to the desired level. Following the “relative” method of
activation analysis, we irradiated a melamine target, which
was used as the nitrogen standard, in the same stack with the
aerosol samples. The nitrogen standard was irradiated at a
proton energy of 9.2 MeV. The stack was typically irradiated
for 1 min at a beam intensity of 1 uA. The decay of the
0.511-MeV annihilation peak was then followed for 3 or 4 h.
A typical y-ray spectrum for an aerosol sample is shown in
Figure 3. Besides the 0.511-MeV annihilation peak, several
other + rays are present. All of these other + rays are a result
of the activation of the silver membrane filter. A typical decay
curve for the integrated 0.511-MeV photopeak is shown in
Figure 4. There are four components present in the decay
curve: (a) a 10.0-min component due to '*N produced from
the 1%0(p,a)"®N and "C(p,n)N nuclear reactions, (b) a
20.4-min component from the “N(p,a)!'C reaction, (c) a
109.8-min component due to '8F produced by the *0(p,n)*F
reaction, and (d) a 6.5-h component due to activation of the
silver filter itself to produce “’Cd by the “Ag(p,n)'“’Cd
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Figure 4. Decay of the 511-keV annihllation radiation intensity with
time g proton of an eric aerosol sample.
Length of bombardment = 1 min at a beam intensity of 1 uA

nuclear reaction. By far the dominant component in this
decay curve is the 20.4-min component, !'C, which results from
activation of the nitrogen in the aerosol. The amount of
nitrogen present was calculated by comparing the A, value
for the ''C component in the aerosol to the A, value for the
IC component in the nitrogen standard. Several blank filters
were also analyzed for nitrogen and found to contain ap-
proximately 0.5 ug/cm? this is normally a very small known
correction to the total nitrogen found.

Samples containing varying amounts of nitrogen were
nondestructively analyzed using the proton activation method.
The same samples were then analyzed for nitrogen using a
destructive combustion method. The results of these analyses
are summarized in Table II. The samples can be divided into
two groups. One group of samples was prepared in the
laboratory by depositing either ammonium sulfate, (NH,),SO,,
or ammonium oxalate, (NH,),C,0;, on a silver-membrane
filter. These samples correspond to the first nine listed in
Table II. The second group of eight samples consists of
ambient aerosols collected in the San Francisco Bay Area
under widely varying atmospheric conditions.

DISCUSSION

Errors. The comparison of the nitrogen found by proton
activation analysis and that found by the independent
combustion method shows an average percent difference of
14% for the 17 samples analyzed. This difference is essentially
the same whether one compares only the laboratory-prepared
samples or the ambient samples. It should also be noted that
the agreement between the two methods holds over a range
which spans two orders of magnitude in nitrogen concen-
tration.

Estimated Detection Limit. In order to estimate the
sensitivity of the method, a set of irradiation conditions
approximating those normally used will be considered. One

Table II. Comparison of Methods for Nitrogen
Determination in Atmospheric Aerosols?

N found, ug/cm®

proton
sample activation combustion
AS-1 129 144
AS-2 110 130
AS-3 326 368
AS-4 68 52
AO-1 162 147
AO-2 210 207
AO-3 261 279
AO-4 134 143
AO-5 136 133
AA-1 4.0 3.5
AA-2 8.0 6.5
AA-3 15 13
AA4 76 99
AA-5 16 18
AA-6 59 59
AA-7 36 37
AA-8 46 54

@ AS are thé laboratory-prepared ammonium sulfate
samples; AO, the laboratory-prepared ammonium oxalate
samples; and AA, the ambient aerosol samples.

must also consider the lowest amount of activity which can
be detected accurately with the given detection system. Using
this approach, we can calculate an estimated detection limit
for nitrogen. The irradiation conditions are a proton beam
intensity of 1 pA and an irradiation time of 4 min; the proton
energy is 7.5 MeV, which is at the peak of the ¥N(p,a)''C
excitation function (¢ = 165 mb). The overall detection
coefficient for the 0.511-MeV  ray is approximately 2%. The
minimum amount of activity that could be counted is ap-
proximately 500 ¢/m of "C at the end of the bombardment.
This minimum A, value takes into account the contribution
of the other 8*-emitting nuclides that are always present.
These conditions correspond to a nirogen detection limit of
approximateloy 0.1 ug/cm?, corresponding to 200 ppm in an
aerosol sample of thickness 500 ug/cm? This detection limit
could be lowered by an increase in proton beam intensity or
a longer irradiation time. Considering the complexity of the
aerosol, however, we believe that this represents a reasonable
lower limit to the nitrogen sensitivity in a nondestructive
analysis.
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Continuum Source Atomic Fluorescence Detector for Liquid

Chromatography

Darryl D. Siemer,*' Prabhakaran Koteel, Danlel T. Haworth,* William J. Taraszewski, and Stephen R. Lawson

Department of Cl

Y. Marquette Uni ity, Mil

A preliminary study of interfacing of a high pressure liquid
chromatography instrument with a continuous source atomic
fluorescence detector Iis reported. The chemical system

d is the ylati tion of f by acetic
anhydrlde The relenllon data from the conventional UV
di are in llent agr with

those oblalned using the atomic fluor detect
ing the iron fi signal. The metal-containing

compounds are more easily quantitated with the fluorescence
detector, both because It does not respond to purely organic
Interferants co-eluting with the compounds of interest and
b the integrated resp Is insensitive to the chemical

form of the compound.

High pressure liquid chromatography (HPLC) detectors
have been reviewed by several authors (1-7). Detectors based
on refractive index, UV or visible light absorption, heat of
absorption, electrical conductivity, flame ionization and
molecular fluorescence are commercially available. Koen et
al. (8) have described a polarographic detector. Other de-
tectors described in the literature include light scattering (9),
IR absorption (10), vapor pressure (11), and scintillation (12).

Metal specific detection methods such as atomic absorption
simplify the complex chromatograms obtained when other
compounds are run with mixtures of organometallic com-
pounds. Gonzales and Rose (13) and Longbottom (14) used
atomic absorption for the detection of mercury after separation
from alkylated mercuric compounds by gas chromatography.
Manahan and Jones (15) used atomic absorption as a detector
for HPLC, and Fernandez (16) reviewed atomic absorption
chromatography detectors for use in metal speciation ap-
plications. VanLoon (17) was the first to report a line source
atomic fluorescence detector for HPLC.

Continuum source atomic fluorescence spectroscopy
(CSAFS) shows promise for use as a metal specific HPLC
detector. Flame atomization CSAFS possesses sub-part per
million sensitivity for many elements and is readily amenable
for multielement analysis by using either a rapid scanning
monochromator or a dedicated polychromator/multiple
photomultiplier system. Interfacing of a HPLC instrument
with a CSAFS detector system can be accomplished very

! Present address, Allied Chemical Corporation, CPP-602, 550 2nd
Street, Idaho Falls, Idaho 83401.

53233

simply by connecting the outlet of the chromatograph to the
nebulizer pick-up tube of the burner. Eimac xenon lamp
excited CSAFS does not require the operator to obtain dif-
ferent source lamps for each element as is the case with the
atomic absorption or lines source AFS detectors previously
described. This fact makes the CFAFS detector inherently
more flexible than line source based instruments. This paper
describes the use of a first generation CSAFS detector with
an HPLC instrument to follow the progress of a typical or-
ganometallic reaction.

This particular reaction (the acetylation of ferrocene giving
both acetylferrocene and diacetylferrocene) has been studied
by several workers (18-21) using other analytical techniques
to follow the relative concentrations of reactants and products
throughout the reaction. In Haworth and Liu's study (21) the
reaction was monitored by HPLC using a conventional fixed
wavelength (254 nm) UV absorption detector, and both the
chromatographic system and the sample preparation steps
used in that work were largely duplicated in this project.

EXPERIMENTAL

Equipment. A Tracor 995 isochratic pump with a Tracor 960
UV absorption detector (254 nm) equipped with an injection port
was used for the separation of ferrocene (Fc), acetylferrocene (Fc;)
and diacetylferrocene (Fcy).

The ou!]et of the UV detecmr from the HPLC instrument was

d to the asp ofah de acetyl air capillary
tube burner which was mounted on a Perkin-Elmer nebulizer
scavenged from a PE model 290 atomic absorpnon lmlL The
bumer was constructed of 20-gage stainl

bedded in high ure ic furna
(Sauereisen) in a 1.2-cm i.d. !.hm wall (0.7 mm), alummum tube.
This tube was centered in a 2.5-cm diameter copper tube, and
the gap between the concentric tubes was filled with 18-gage
needles embedded in more cement. A flow of argon could be
directed through the outer row of tubes to sheath the flame from
the atmosphere. A Varian 300 W Eimac xenon continuum lamp
powered by a Varian PS 300-1 power supply served as the spectral
excitation source. A 2.5-cm diameter, 8-cm focal length quartz
lens focused an image of the illuminated portion of the flame onto
the entrance slit of the monochromator. Conventional 90° optical
geometry was used. A light baffle made from a 2-inch copper
*“cross T plumbing fitting was used to keep stray-light to a
practical minimum (Figure 1). Holes (2-cm diameter) were drilled
at right angles to the plane of the fitting at the juncture of the
“T's" to permit viewing of the signal. No attempt was made to
obtain multiple passes of the excitation source beam through the
flame through the use of a reflector on the side of the flame

pposite of the lamp b of the potential of overheating the
lamp. The monochromator used was an f 3.5, 100-mm efl Oriel

0003-2700/79/0351-0575$01.00/0 © 1979 American Chemical Society
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Figure 1. Block diagram of instrument. (A) Xenon lamp power supply;
(B) Xe lamp housing; (C) quariz lens; (D) copper light shield; (E) top
of burner; (F) monochromator; (G) photomultiplier; (H) PMT power
supply; (I) lock-in amplifier; (J) recorder; (K) 50-Hz square wave signal
generator; (L) HPLC instrument; (M) exit tube from UV detector

Model 7249 equipped with a 2400 lines/mm grating. A variable
width entrance slit and a fixed width exit slit giving a bandpass
of approximately 1 nm was used for most of the work. The light
detector was an IP 28 photomultiplier tube powered with a Fluke
regulated high voltage supply.

In an attempt to correct for the very considerable molecular
fluorescence error signals encountered from PO bands in the
vicinity of the iron resonance lines, some experiments were
performed using a wavelength modulation system instead of the
more conventional source lamp modulation AFS system. This
was implemented by vibrating (25 Hz) a 9-cm focal length, 2.5-cm
diameter, quartz lens in front of the monochromator exit slit
within the monochromator with a miniature (6 V, 50 ) relay and
using the lock-in amplifier in 2" mode. The lens was glued to
a 2-cm long strip of thin phosphor bronze which was itself spot
welded to the armature of the relay. In these experiments, the
xenon lamp was run at a dc current of 22 A. The PM tube was
run at -1000 V with equal voltage decrements between the
cathode, down the dynode string to ground. The photocurrent
was converted to a voltage and amplified with a homemade 3-stage,
tuned amplifier, and that signal was demodulated with a Model
9501 E ORTEC Brookdeal lock-in amplifier. For the conventional
AFS experiments, the xenon lamp was pulsed at about 50 Hz and
synchronized with the lock-in amplifier with a 5-V square wave
signal generated by one half of a TTL dual flip-flop integrated
circuit chip (74107) which was itself fed by a 100-Hz signal from
an astable multivibrator integrated circuit chip (Signetics 555),
used with appropriate R and C values. The lamp current was
pulsed between 30 and 10 A. The UV and CSAFS detectors were
each provided with strip chart ders in order to read

P simult ly. A more I description of the
optical, electronic, and mechanical components used in both the
conventional pulsed source and the wave length modulated
systems may be found in Lawson's thesis (22).

Reagents. Pure ferrocene, acetylferrocene, diacetylferrocene,
and dibenzoylferrocene were dissolved in either chloroform or
methanol. Potassium hexacyanoferrate(II1) was dissolved in 80%
methanol-water. The organometallic chemicals were obtained
from the Aldrich Chemical Company.

Analytical Procedure. The acetylation of ferrocene was done
with acetic anhydride in phosphoric acid at 70 °C. Details of the
workup of the reaction mixture and of the extraction of the
ferrocene and its derivatives with chloroform are given elsewhere
(19-21). Five samples were obtained from the reaction flask at
various time intervals after initiation of the reaction. Two- to
eight-microliter ali of these les were injected. The liquid
chromatograph was operated under the following conditions:
Chromasep S (50 cm X 2 mm) column packed with pellicular 10
um silica gel; flow rate was varied from 0.5 to 2.0 mL/min; 40:1
diethyl ether:methanol solvent mixture; 300 psi; 22 °C; UV
absorption detector with wavelength fixed at 254 nm. The
polypropylene pick-up tube of the AFS burner was connected to
the small bore stainless steel tube exiting from the UV detector
with vinyl electrical heat shrink tubing. The solvent flow rates
and total tubing vol bet the UV detector and the AFS
burner were such that there was a delay of about 5 s, depending

on sol flow rate, bet the app of analytical peaks

Table I. Resolution Data

detection
method Fe/Fc, Fc,/Fc, Fc/Fc,
uve 0.4 1.18 1.77
CSAF? 1.0 1.41 2.36

2 Flow rate (1.5 mL/min at 300 psi (2 mPa)), UV detec-
tor at 254 nm. ® Fe line at 248.3 nm. Pulsed source,
lock-in at 100-mV sensitivity, C,H, :air burner; standard
solution 12, 25, and 25 mg of Fc, Fe, and Fc,, respective-
ly.

I \

SECONDS
Figure 2. UV detector chromatogram of a standard solution. Flow
rate of 1.50 mL/min at 300 psi, UV detector. (1) Fc, (2) Fcy, (3) Fc,.
Standard solutions of 12 mg of Fc, 25 mg each of Fc, and Fc, in 25-mL

CHCly; 5 uL injected. Attentuation 16. Retention times 60, 70, and
105 s for Fc, Fc,, and Fc,, respectively

on the two detectors. Aliquots of the crude reaction mixture as
well as samples cleaned up by an extraction procedure (21) were
chromatographed.

The flame was “run” slightly “rich™ (about 150 mL/min
acetylene, 3 L/min air, 1.50 mL/min solvent (diethyl ether)) for
most of this work. This stoichiometry gives a slight green “feather™
over the inner flame cones.

RESULTS AND DISCUSSION

At low flow rates (0.5 mL/min), the separation of ferrocene,
1-acetylferrocene and 1,1’-diacetylferrocene are accomplished
with good resolution using the UV detector. At higher flow
rates (greater than 1.0 mL/min) the ferrocene peak is ap-
parently not cleanly resolved and appears only as a shoulder
on the acetylferrocene peak.

At a flow rate of 0.5 mL/min, although ferrocene is resolved
from acetylferrocene, (as indicated by the UV absorption
detector), the peaks seen with the AFS detector are broad with
a poor signal-to-noise ratio. Increasing the solvent flow rate
increases the flux of iron to the burner and gives improved
sensitivity but poorer resolution. Table I gives a comparison
of resolution between UV and CSAFS chromatograms at
solvent flow rates of 1.50 mL/min, and the corresponding UC
and CSAFS chromatograms are shown in Figures 2 and 3,
respectively. The tabulated figures are defined as 2(V, -
V1)/(W, + W,) where V; = retention volume of the compounds
compared and W; = width of the base of each peak in volume
units. The apparently better resolution of the AFS detector
is due only to the fact that the much greater ultraviolet molar
extinction coefficient of acetylferrocene as compared to
ferrocene exaggerates the difference in the size of the big peak
upon which the smaller one is situated in the UV detector
chromatograms.

Most of the noise in the CSAF spectrum is due to the
variation in molecular fluorescence background and *‘flicker”
noise originating in the flame. A concentric argon sheath
(about 12 L /min of gas passed through the outer ring of tubes
surrounding the inner burner tubes) did reduce this “noise™
somewhat but proved to be too expensive to implement in view
of the rather limited improvement it afforded. The iron line



w
el
g Ml
o
" 1[[ |
m !‘ |
‘ IU kLN\
o 100
SECO‘NDS
Figure 3. CSAF chr of solution. Same

HPLC conditions as in Figure 2. Lock-in at 100 mV, Fe line at 248.3
nm, pulsed Xe arc source, C,H,:air burner; retention times 65, 75, and
110 s for Fc, Fc,, and Fc,, respectively
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Table II. Detector Data
UV detector data for extracted Fe samples®

o weight percentage

Fc,/Fc,
no. Fe Fe, Fe, ratio
1 27.9 70.5 —_— =
2 16.0 7.7 6.3 12.3
3 _ 91.7 8.3 11.4
4 —— 88.9 111 8.0
5 — 83.8 16.2 5.2
CSAF detector data for extracted Fe samples®
1 28.7 69.3 —— S
2 11.2 81.0 7.0 11.6
3 _ 91.4 8.6 10.6
4 _ 87.5 125 7.0
5 —_— 85.1 14.9 5.7

a.b See footnotes in Table 1.

normally used (248.3 nm) is situated on the shoulder of a
molecular (PO) fluorescence background band originating
from the phosphine present in the acetylene.

The quantitative data for the ferrocene acetylation reaction
as seen with the CSAFS detector are contained in Table II.
The agreement between UV detector data and CSAF data
obtained simultaneously generally seems to be good. However,
quantitation of the acetylferrocene peak with the UV detector
is difficult because acetic anhydride co-eluted with it. Acetic
anhydride has a similar retention time (70 s at a solvent flow
rate of 1.50 mL/min) to that of acetylferrocene and has a
non-zero molar extinction coefficient.

The peak areas obtained with the UV detector must be
related to eluent concentrations with empirically determined
calibration factors which correct for the different molar
extinction coefficients of each compound at the specific
wavelength used. Haworth and Liu (27) described how these
response factors for the various compounds investigated in
this study were obtained. From the corrected UV detector
peak areas, weight percentages were calculated, and the ratio
of acetylferrocene to diacetylferrocene in the reaction mixture
at a given time is gathered in Table II.

With the CSAFS detector, the peak areas obtained cor-
respond to the iron content only. The integrated peak area
is a measure of the number of moles of each iron-containing

(2) Fc. (3) KsFe(CN)g. (4) Fc,. Four ppm standard solutions of (1-4)
in methanol, run i . Fe lines shown: (a) 252.2 nm, (b) 248.3
nm. Lock-in at 100 mV

compound eluted with an uncertainty only of how many iron
atoms are associated with each molecule of the compound—a
small whole number. Proportionality of peak heights to the
concentration of each compound was established in this project
by running standard solutions of each compound both sep-
arately and in mixtures. A typical AFS detector response for
a standard solution is shown in Figure 3. The molecular
fluorescence interference of phosphorus can be considerably
reduced by passing the acetylene through a filter before
burning it. This was accomplished by passing the acetylene
through a series of absorption tubes which contained mixtures
of mercury(II) chloride, iron(III) chloride, manganese oxide,
and diatomaceous earth using a recipe found in Mavrodineanu
and Boiteaux's classic text (23). The phosphine in the
acetylene is converted to phosphoric acid which is in turn
absorbed by the diatomaceous earth. The wavelength
modulation system briefly discussed in the Experimental
portion of this paper did not give as good detection limits for
iron as did the source modulated CSAFS system (when used
with purified acetylene) and was dropped from further
consideration for the application. Because ether (a “fuel”)
was used as one of the mobile phase solvents, the proportion
of total fuel to oxidant in the flame would have varied if
solvent programming had been used. This perturbs the flame
chemistry and changes the response of the detector somewhat
to a given flux of iron. This loss of an important experimental
variable may prove to be a serious weakness of flame
atomization atomic spectrometric HPLC detectors in general.

In order to verify the expected i itivity of the detect:
to changes in the chemical envir of the iron, solutions
of ferrocene, acetylferrocene, dibenzoylferrocene, and po-
tassium hexacyanoferrate(III) in methanol were aspirated into
the burner and the CSAF response was measured. Each
solution contained 4 ppm of iron. The monochromator was
scanned over a length interval containing two iron lines.
The response as shown in Figure 4. corresponds to the iron
content only. These iron lines are 248.3- and 252.2-nm
resonance lines.

The extraction procedure used in some cases to separate
the ferrocenes from the bulk of the reactant mixture (21) is
fairly tedious and not easily made quantitative. Excessively
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Table 1Il. CSAF Data for Crude Mixture

ol weight percentage Fe,/Fe,
no.? Fe Fc, Fe, ratio
1 21.3 78.7 e —
2 9.8 83.0 7.2 11.5
3 _— 84.1 15.9 5.3
4 _ 75.5 24.5 3.1
5 —_— 71.4 28.6 2.5
6 —_— 61.2 38.8 1.6
7 —_— 57.8 42.3 1.4
8 —_— 57.2 42.8 1.3
@ Samples 1 to 7 taken at 15-min intervals. Sample 8
taken after 24 h. Conditions same as given in Table I for

CSAF.

large amounts of sodium bicarbonate have to be used to
neutralize the reaction mixture. The final resulting aqueous
solution is almost saturated with sodium salts. Any organic
compound (for example, acetic anhydride) extracted by the
ether which is less volatile than ether can lead to a complicated
chromatogram with the UV absorption detector. If the re-
tention times of these compounds are similar to those of the
products being monitored, the question arises whether a
particular peak is due to a derivative of ferrocene or due to
an interferent. Identification and quantitation can become
difficult in many cases without the use of a metal specific
detector.

To investigate the specificity of the CSAFS detector, the
acetylation reaction was run with excess acetic anhydride in
phosphoric acid, and samples were drawn at 15-min intervals
and injected into the instrument without any prior separation
or chemical treatment. The results of this experiment are
shown in Table III. Great difficulty was encountered in the
removal of the excess reactants (phosphoric acid and to a lesser
extent acetic anhydride), and routine injection of the raw
reaction mixtures into an HPLC system not incorporating a
clean-up pre-column is not recommended for routine work.
Both the UV detector responses and those of the AFS detector
seen for this experiment are shown in Figure 5. Acetic
anhydride enhances the acetylferrocene peak seen with the
conventional UV detector giving rise to a false apparent
composition. As the reaction progresses, more and more acetic
acid is produced giving rise to another peak (peak D in the
UV detector r plots) ing as a shoulder on the
acetylferrocene peak. Other smaller peaks are seen at lower
flow rates with the UV detector. The corresponding CSAFS
response shows only peaks from the ferrocenes and, as ex-
pected, the acetic anhydride, the acetic acid, and other purely
organic compounds in the reaction mixture did not give any
response. The progress of the reaction can be more con-
veniently followed and quantitated with that detector. In our
work, we did not observe the presence of any iron-containing
products other than acetylferrocene and diacetylferrocene.
The reactant, ferrocene, disappears in the reaction mixture
after 30 min at 70 °C. First there is a gradual increase of
acetylferrocene compared to ferrocene. As the acetylation
reaction proceeds the diacetylferrocene/acetylferrocene ratio
increases until an equilibrium is reached. After 24 h, no
appreciable change in the ratio was observed (Sample 8 in
Table III).

Advantages of using the continuum source AFS detector
may include any or all of the following depending upon the
application: considerable reduction of the analysis time by
reducing the amount of sample “clean-up” required (a pre-
column is recommended, especially, for “raw" samples);
positive identification of the compounds of interest in the
presence of purely organic interferents; good sensitivity; and
easily implemented applicability to the determination of other
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Figure 5. UV-CSAF detector responses for crude mixture. 1-6:
Sample numbers. (A) Fc. (B) Fc,. (C) Fc,. (D) Acetic acid. HPLC
conditions as in Figure 2. 2-8 ul injected. Interfaced CSAF: Fe line

(248.3 nm), pulsed Xe arc source, lock-in at 1 mV for sample 1 and
2 and 100 mV for 3-6

metal atom-containing compounds by simply changing the
monochromator wavelength setting. In comparison to line
source (for example, pulsed EDL or laser) excited AFS, the
continuum source based detector suffers in that it is not as
specific (that is to say, with line source itself, not the
monochromator, largely determines the resolution and
consequently the specificity), and in that molecular
fluorescence and scattering error signals are much larger
relative to the useful atomic fluorescence signal. However,
bright line sources suitable for AFS are often quite expensive
and/or difficult to obtain and to operate reliably, and,
generally, as is the case with conventional AAS, a separate
source is required for every element studied.

CONCLUSIONS

The use of HPLC separation with CSAFS detection offers
a powerful tool for solving problems in inorganic and or-
ganometallic chemistry. Possible applications include the
monitoring of inorganic chemical reactions involving both
transition and nontransition metal; the monitoring of typical
organic reactions with organometallic catalysts or reagents to
get a better insight of the reaction mechanisms; speciation
of environmental metal-bearing pollutants; and metal
speciation of complex products of coal (for example, artificial
crude oil). Another interesting application of the detector is
that it is possible to obtain molecular weights of metal-
containing molecules. The only requirement is that a known
mass of the compound be injected and that the detector's
integrated peak response as a function of the amount of that
same metal be known. Of course, the “molecular weight” so
obtained is really a measure of the mass of compound per mole
of metal in the compound and is subject to an uncertainty of
how many metal atoms are in each molecule. Some of the
more flexible of the molecular fluorescence detection systems
commercially available have optical and electronic capabilities
superior to those of the equipment used in this work and could



be readily modified (by substituting a nebulizer-burner as-
sembly for the cuvette) to permit element specific detection.
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AIDS FOR ANALYTICAL CHEMISTS

Microprocessor-Controlled Digital Integrator for Nuclear Magnetic Resonance

Measurements

F. Morley, 1. K. O'Neill," M. A. Pringuer,?
Laboratory of the

Continuous wave nuclear magnetic resonance (NMR)
spectroscopic observation of 'H nuclei (1) is an inherently
quantitative phenomenon that has been used for the analysis
of pharmaceuticals (2), polymers (3), and many other ma-
terials. Commercial NMR spectrometers, however, are de-
signed primarily for qualitative measurements. Many im-
provements in sensitivity and resolution have been incor-
porated into instruments in recent years but there have been
no significant advances in integration techniques. Experience
of quantitative '"H NMR analyses (4, 5) at the Laboratory of
the Government Chemist indicated that significant effort
could be saved through automation of the spectrometer in-
tegration functions. Commercially available gas chromato-
graphic integrators were unsuitable because data output from
the scanning of sequential NMR peaks was too rapid.
Subsequently, a digital integrator was constructed (6, 7),
primarily to handle NMR data. This paper describes an
evaluation of an automatic system for quantitative mea-
surements, using a microprocessor to effect the various control
and data processing steps. A similar system has been con-
structed (8) for the determination of fluorine by interfacing
a commercial computer to a NMR spectrometer. This is
restricted because it will accept only Gaussian peaks free of
ringing.

EXPERIMENTAL

A JEOL C60-HL spectrometer was coupled to the micro-
processor controlled integration system shown in Figure 1. A
National Semiconductor IMP 16-C microprocessor controls all

! Presently on secondment to RTZ Services Ltd, York House, Bond
St.reel“ Bmwl BS1 3PE, United Klngdom
2Present address, Life Sci h, Stock, Essex CH4 9PE,
United Kingdom.

0003-2700/79/0351-05798$01.00/0

and P. B. Stockwell*

Chemist, Cornwall House, Stamford St., London SE 9NQ. United Kingdom

aspects of the integration procedure and performs all the necessary
data processing functions. The system which will be described
in detail elsewhere (9) is a plug-in retrofit module which does not
degrade spectrometer performance.

Integration. For integration purposes, the NMR spectrum
is divided into discrete zones; a maximum of six zones can be used.
Each zone is positioned so that the beginning and end of each
zone can be positioned anywhere within the spectrum but must
not overlap another zone. The sixth zone is used to specify a
reference peak for quantitative measurements and can be pos-
itioned anywhere within the spectrum and not necessarily se-
quentially with the other zones. As a spectrum is scanned, the
position of the zones is detected by a wiper mounted on the pen
carriage and a linear transducer mounted along the top edge of
the recorder chart. The NMR signal is amplified, fed to a
voltage-to-frequency converter, and the output pulses are gated
within the integration zone to a five-decade counter. This displays
a digital value representing the area of the peak or multiplet of
peaks within a zone and is reset to zero between each zone.

Spectrometer Control. The spectrometer parameters are
optimized manually. A spectrum of the sample is recorded and
the various zone positions and the number of zones to be ac-
cumulated are entered using the thumb wheel switches, on the
integrator front panel. Automatic control is initiated through
a teletype command. The various data input is also entered at
this time; namely, the values of the proton equivalent weight of
the analyte under test and the weight of the standard used for
reference. The microprocessor sets in motion the pen carriage
of the recorder (which is linked to the spectrometer field sweep)
and at the end of each traverse returns it for a further scan, until
the total number of scans reaches a preset level. In addition, the
microprocessor causes a dot to be marked on the chart at the start
and end of each integration zone.

Data Processing. As each zone is integrated, the integral value
is passed to the computer memory store where a running average
is maintained of each zone integration value. Then the proton
equivalent weights (p.e.w.) for each zone and the averaged in-

© 1979 American Chemical Society
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Figure 1. Layout of spectrometer control system

Table . Comparison of Digital and Capacitance
Integration of Ethylbenzene

calculated number of protons
(from average integral of

10 scans)®
C.H, CH, CH,
capacitance integration  5(97.1 mm) 1.84 2.82
s=2.02%
digital integration 5(2988 counts) 1.92 297
§=0.57%
theoretical value 5 2 3

@ Sean rate = 22 Hz s'. s = standard deviation.

tegrated areas for sample and standard peaks are used in cal-
culations according to the equation:

wt standard

le =
o gLsample wt sample

p.e.w.sample X I(sample) X 100
p-e.w. standard X I(standard)

(The p.e.w. of a substance is the molecular weight of the molecule
or polymer unit divided by the number of protons responsible
for the absorption of interest; this figure is entered on thumb-wheel
switches mounted on the control panel). Results are printed on
the teletype and may be expressed either as the quantity of the
material present in the sample or as a relative purity.
Samples. Samples of 10% w/v ethylbenzene in deutero-
chloroform were examined using the aromatic peak as a reference.
Also, with a known composition samples of polydimethylisiloxane
(PMS)ina phurmaoeuncal preparation (5) were examined. This
ion, a ins according to its manufacturers
0.5% PMS, 4% w/w aluminum hydroxide and 4% w/w mag-
nesium hydroxide in a spearmint ﬂavored medium. Weighed
of the p ion and h (99.90% pure
obtained from the High Purity Organic Standard range of the
National Physical Laboratory, Teddington) were dissolved with
shaking in deuterochloroform in 5-mm o.d. NMR tubes. The
spectra were integrated at a sweep rate of 22 Hz s™! using a total
of 10 scans for signal averaging.

RESULTS AND DISCUSSIONS

The integration chamcwnsu- of the dlgltal integrator and
the original spectrometer c tor are cc ed
in Tables I and II. Ethylbenzene (Figure 2), which has a
proton ratio of 5:2:3 for aromatic, methylene and methyl
protons is used for this experiment because it is widely
employed as a standard to evaluate NMR spectrometer and
integrator performance. These results show that the digital
integrator gives somewhat better integral ratios and relative
standard deviations than the capacitance integrator. The
capacitance integrator has disadvantages in that it is in-

Teletype

Zone Zone Zone
2

o L

8 7 6 5 a 3 2 1 0

Figure 2. Sp of ethyb: ing zones for digital integration

Table II. Assay of a Commercial Formulation
Containing Polymethylsiloxane

% wlw PMS
capacitance digital
integration integration

0.457 0.446
0.460 0.523
0.542 0.477
0.529 0.449
0.498 0.540
mean value 0.50 0.49
std. dev. 0.039 0.043

herently less stable than the digital integrator because of
leakage, minor environmental changes, and variable drift, all
of which must be corrected manually before each set of in-
tegrations.

The digital integrator is designed to accumulate positive
signals above a preset threshold value; thus positive peaks
associated with the ringing characteristics of many NMR
peaks will also be integrated. The net effect of this is that
the digital integrator will give a higher relative integral value
for peaks with ringing than a capacitance integrator which
averages the positive and negative peaks of the ringing. This
is readily overcome either by a slight degradation of the
resolution to minimize ringing or by setting the end of an
integration zone to a precise position, thus avoiding the in-
clusion of the ringing within the zone. The latter procedure
was used in this evaluation. The spectrometer scan rate did
not significantly affect the accuracy of the integral value with
the exception of the normal spectroscopic constraint of
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saturation which occurs at the slowest scan rates.

The microprocessor-controlled integrator performance was
further demonstrated by the determination of the PMS
content of a commercial pharmaceutical preparation (Figure
3). The results shown in Table II compare favorably with
those previously obtained using the capacitance integration
technique. The automated control system has the advantage
that, once the initial spectrum is obtained and the control
parameters are set, the operator initiates the microprocessor
to control the marking of integration zones, measuring and
averaging integrals, performs the calculations, and prints out
the results. The operator is then released for other work.

A dot is marked automatically on the chart paper at the
start and end of each integration zone and acts as a safety
check if the spectrometer field-frequency lock stabilization
fails to prevent excessive drift during unattended operation;
a movement of a peak through a zone boundary will be in-
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dicated by a vertical displ t of ive dots. The
operator is assured of the validity of the results obtained
during unattended operation, especially when the spectrometer
is used under external field-frequency lock which is most often
the case with low cost NMR spectrometers which are most
susceptible to field drift.

The advantages of speed, accuracy, and automation rec-
« d this sy , especially in the application of routine
repetitive quality control The system could be used as an
accessory to almost any continuous-wave NMR spectrometer
with a few minor modifications. Many of these spectrometers
are functioning routinely, although they have been superseded
qualitatively by more advanced NMR instrumentation.
Addition of a microprocessor-controlled integration accessory
to these spectrometers would enable them to perform a routine
quality control task. This would be less expensive than the
additional capital expenditure on more modern instrumen-
tation and would extend the full working life of the existing
instrumentation.
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Graphite Plate Sample Holders for X-Ray Photoelectron Spectroscopy

David M. Aylmer, Hossein Razzavi, and James C. Carver’'

Department of Chemistry, Texas A&M University, College Station, Texas 77843

During the past decade, numerous methods for examining
nonvolatile powders have been tried for use in X-ray pho-
toelectron spectroscopy (XPS or ESCA). The most widely
used techniques include simply sprinkling the powder on
double sided sticky tape, imbedding the sample in indium foil
(1), and pressing the sample into a pellet. We have developed
another method which seems to offer certain advantages over
those methods available because (1) only 1 mg or less of the
sample is required, and (2) the sample holder and all transfer
devices lead to virtually no contamination, except for the
holder material. This technique makes use of graphite
planchets cut or hined to precisely fit one’s spectrometer.
We have a Hewlett-Packard 5950A ESCA, and our sample
holders were prepared by cutting a graphite rod into 1.0 X
1.2 cm rectangles, 1 mm thick. The graphite used was
electrolytic grade, obtained from Wale Apparatus Co., Hel-
lertown, Pa. Since these holders cost only about ten cents
apiece, they are normally discarded after use, although reuse
is certainly possible.

The graphite planchets are first soaked in 50% nitric acid

! Pre: dd EXXON R h and Devel
tories, P 0 Box 2226, Baton Rouge, La. 70821.

t Labora-

for about 20 min. After thorough rinsing in deionized water,
the graphite is heated to red hot in a Bunsen burner flame.
Upon cooling, the holder is ready to be loaded. The cleaning
process removes all metals (nitric acid), and all organics, and
most of the oxygen (heating). The powder sample is loaded
onto the graphite plate by means of two freshly prepared glass
spatulas. These devices are made by sealing the ends of two
pieces of 3-mm glass tubing in a flame immediately before use.
If care is taken that the freshly prepared glass surfaces and
the graphite surface do not come into contact with possible
contaminants, including dust from the air, transfer of a sample
can be accomplished with almost no detectable contamination.
The two freshly prepared glass rods are used to abrade the
sample onto the graphite plate. Extremely small (submil-
ligram) samples, when compared to the other techniques, can

be easxly exammed Also samples can be easily loaded onto
these cl d planchets in an inert atmosphere, such
as in a glove box dlrectly attached to the spectrometer.

It is often very difficult to obtain reliable intensity and peak
positions for oxygen from powdered samples by ESCA. By
using this technique, very little oxygen contamination is
observed on the blank holder, and the intensity data for
oxygen-containing compounds agree well with what is expected

0003-2700/79/0351-0581$01.00/0 © 1979 American Chemical Society
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Table I. Comparative Intensities and Binding Energies for Powdered Ni Compounds on Different Sample Holders'

holder
graphite tape in foil
compound intensity BE intensity BE intensity BE
NiO
Ni2p,,, 45 855.0 100 855.0 63 855.6
O 1s 10 530.2 23 529.9 12 530.0
O/Ni 1.10 1.15 0.95
NiS
Ni2p,,, 60 857.7 35 857.9 12 857.1
S 2p 9 162.3 3 162.1 2 161.7
6 163.4
17 169.2 12 169.5 6 168.1
S/Ni 0.93 0.72 1.09
NiSO,x(H,0)
Ni2p,,, 28 858.2 20 858.8 19 857.1
O 1s 40 532.1 31 532.7 28 531.5
S2p 14 169.5 15 169.4 12 168.9
O/Ni 7.14 1111 7.14
S/Ni 0.87 0.77 0.91
Ni(NO,),xH,0
Ni2p,,, 8.5 856.4 20 856.8 38 856.7
O1s 10 532.3 20 531.9 43 532.4
N 1s 11 406.2 37 406.6 40 406.6
O/Ni 5.87 4.99 5.69
N/Ni 1.10 1.36 0.85

@ Intensities are given in thousands of counts and binding energies in electron volts. Experimental ratios are corrected

for counting times and photoionization cross sections (2).

The relative error in the absolute intensities is about + 10%.

from the stoichiometry. Further, the carbon 1s peak from the
graphite itself can be used as a convenient calibrant for
binding energies. Obviously, if one is interested in the carbon
signal from a sample containing unoxidized carbon, he will
have great difficulty in distinguishing the sample signal from
that of the graphite. However, it would be possible to look
at carbon bound to electronegative species.

For comparative purposes, several samples have been
examined by XPS by loading each sample (1) on graphite, (2)
on double sided sticky tape, and (3) imbedded in indium foil.
Most of the samples examined were not easily pressed into
pellets. The results of the comparison are shown in Table 1.
Each value is an average of two or more determinations.
Comparative intensities for powdered Ni compounds on
different sample holders are given in thousands of counts, and
binding energies in electron volts. The theoretical intensity
ratios are found from the formula, while the experimental
ratios have been corrected for photoionization cross sections
by using Schofield's values (2) and for counting times. The
absolute intensity of the spectra obtained from samples on
graphite, double sided sticky tape, and indium foil are
generally about the same, with variations due to differences
in the amount of sample adhering to the surface. It should
be noted that in the cases of graphite and indium, complete
coverage of the surface of the holder often was not attained.
The intensity obtained from pellets is usually best. However,
pellets require far more material, are often fragile, and, in a
glove box, are difficult to load into the spectrometer. In
addition, making a pellet enables the sample to be con-
taminated from the press and/or the die. The graphite holders
are easy to load and they require no supports or covers, as
do tape, indium foil, and pellets. Graphite is a conductor and,
with the aid of an electron flood gun, presents no problem
arising from the charging of the surface.

The NiS shows a peak of approximately 168.4 eV, indicating
the presence of SO,%, caused by surface contamination of the
sample by oxygen. The S/Ni ratio obtained for NiS, therefore,
may not be representative of the bulk sample. The sulfate
and nitrate were of the form NiSO,6H,0 and Ni(NO,)6H,0.
These samples showed a change of color upon being removed
from the spectrometer, and the ratio of O/Ni was less than

e

Intensity (Arbitrary Units)

As ouger As 3p
Wl

560 ]
BE (eV)

Figure 1. Wide scan of a graphite plate which contains 250 uL of a
nitric acid solution which is 500 ppm in Cr, 375 ppm in K, and 500 ppm
in As

expected, probably because of the loss of water due to the
effects of the X-ray and the vacuum. If the intensities are
used to predict stoichiometry, it appears that no waters of
hydration remain on the nitrate compound but that the sulfate
still retains about 2 waters of hydration. The binding energies
were referenced to the carbon 1s peak from the sample using
a value of 285.0 eV (3). The intensity ratios found for NiO
seem to center about 1, which is predicted from stoichiometry.
The experimental ratios, however, may be in error since the
photoionization cross sections are taken from calculations.
The small variations in ratios observed between holders is not
unexpected because of uncertainty in absolute intensities.

One recent advancement in XPS has been its use in trace
analysis. Analysis of microliter quantities of ppm solutions
has been accomplished by observing the residue of such
solutions on specially treated Al (4) and calcite plates (5). The
graphite plates were also examined for use in trace analysis
of solutions using XPS. Graphite might be a better choice
for such an analysis because it has fewer interfering peaks.
Since graphite can absorb a liquid, rapid evaporation of the



solvent was necessary. After the graphite planchet is cleaned,
it is placed on a glass plate on a hot plate, and heated to
between 60-80 °C. The solution is then added, 50 uL at a
time, with the water quickly evaporating. Figure 1 shows the
spectra of 250 uL of a solution containing 500 ppm Cr and
375 ppm K (from K,Cr,0,), and 500 ppm As in nitric acid,
loaded onto the graphite as described above. This preliminary
evaluation of the holder in quantitative studies is promising.

In summary, these graphite planchets seem to have many
advantages as routine sample holders in XPS. They are simple
to use, inexpensive, and, when treated carefully, virtually free
of contaminants. They have proved useful in ex
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Blank Limitations in Laser Excited Solution Luminescence

T. G. Matthews and F. E. Lytle*

Department of Chemistry, Purdue University, West Lafayette, Indiana 47907

In fluorimetry, the instrumental sensitivity is directly
proportional to the intensity of the exciting radiation. This
parameter, in turn, depends upon the source intensity, the
throughput of the excitation optics, and, for a continuum
source, the bandwidth of the monochromator. As a result,
lasers have been demonstrated to be a very advantageous
excitation source for trace luminescence analysis (1-4). An
increase in sensitivity does not, however, produce a corre-
sponding improvement in the lower limit of detection because
most practical samples are blank limited. Parker has outlined
several contributing factors including elastic scattering of the
exciting radiation, inelastic Raman scattering from the solvent,
and fluorescence from the cuvette, the solvent, and any sample
impurities (5). The reduction of the total blank emission is
therefore crucial to capitalizing on the laser as a source in
studies involving either trace, high quantum yield or bulk, low
quantum yield emitters in solution. This paper demonstrates
that an improvement in the lower limit of detection can be
achieved by a detailed consideration of the blank luminescence
from both the cell and the solvent. A survey of high purity
and spectral grade commercial solvents, including a complete
range of polarity and several glass-forming mixtures, shows
possible orders of magnitude variation in the blank. Simple
purification procedures are found to be very effective in
lowering reagent grade solvent emission, but none are com-
petitive with high purity commerical solvents.

EXPERIMENTAL

The fluorimeter used for these experiments was constructed
around a Phase-R Model N21K nitrogen laser providing 3-ud,
4.5-ns pulses at a repetition rate of 28 Hz. Sample luminescence
was focused through a Corning 0-52 filter (laser scatter attenuation
X1000) into a Jarrell-Ash Model 82-405, !/ -m monochromator
providing a 4-nm bandpass. Emission detection was achieved by
an RCA 1P28B photomultiplier. A detailed description of this
instrument will be published at a later date.

Although the fluorimeter provided subnanosecond time res-
olution, all spectra were recorded at a time coincident with the
peak of the laser pulse to more closely resemble the results
expected with steady-state excitation. Data shown in the figures

are correct.ed for the spectral resp of the Lor—
Itipler bination.

" Unless otherwise stated, all solvent,s were tested as received

from the facturer. Q was purchased from

Eastman Kodak and recrystallized twice from ethanol.

RESULTS AND DISCUSSION

Cell Design. Scatter and fluorescence from the cuvette
can be conveniently reduced well below solvent emission levels
by designing a cell consisting of a 1-cm i.d. quartz tube epoxied
to a 1.2-cm? plate cut from a Corning 7-54 filter. Exciting
vertically through the bottom of the cell, the filter passes the
laser beam with minimal scatter and fluorescence, and ir-
radiates the solution without impinging upon the walls. An
increased path length can also be achieved in this configuration
for greater signal strength.

Solvent Considerations. Solvent scatter and fluorescence
present a far more complicated problem than cell design. In
most cases, the total emission spectrum consists of temporally
and spectrally sharp elastic and inelastic scattering bands
(C-H, O-H), and some degree of a spectrally broad, impurity
fluorescence tail (r¢ < 2 ns). This is consistent with con-
siderations of typical cross-sections for Rayleigh, vibrational
Raman, and fluorescence processes. Despite the dramatically
lower cross-sections for the scattering processes, the high
number density of the solvent molecules causes both the
Rayleigh and Raman signals to be comparable or greater in
integrated intensity than the fluorescence emission from
impurities in ultra-clean solvents.

Although not the principal topic of this paper, it should be
noted that an instrument employing pulsed laser excitation
is of obvious value in isolating long-lived sample emission from
solvent impurity fluorescence and Raman scattering (2).
Naturally, for fluorophors with lifetimes of similar magnitude
to those of solvent impurities or the laser pulse width, time
resolution is of little value. For this latter case, the blank
emission can be reduced only by solvent purification or a
judicious choice of manufacturer.

A survey of solvent emission (Figures 1-3) was taken in-
cluding many very common solvents, a wide range of solvent
polarity, and several manufacturers. Impurity fluorescence
intensity varied by more than two orders of magnitude be-
tween spectral grade and high purity solvents. Only Burdick
and Jackson (B&J) high purity, dlsulled-lmglass advents were
foundwhaveu.v:u!'onmlylt.'cvwL k id

isons between spectral grade and B&J high purity are

0003-2700/79/0351-0583801.00/0 © 1979 American Chemical Society
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Figure 1. Solvent luminescence, (----) Spectral grade benzene, E;
= 34.5 kcal/mol. (@—@—®) B&J acetonitrile, 46.0 kcal/mol. (O-0-00)
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Figure 2. Solvent luminescence, (----) Spectral grade benzene.
(®@—@—@®) USP grade ethanol, £y = 51.9 kcal/mol. (O-0-0) B&J
methanol, 55.5 kcal/mol. (O--O--O) B&J benzene

shown for benzene (Figure 2) and carbon tetrachloride (Figure
3). Significant improvement was noted with B&J carbon
tetrachloride and orders of magnitude of difference was noted
with B&J benzene. In all cases, the luminescence intensity
(450 nm, 0.1 M H;SO,) of a particular concentration of quinine
bisulfate (QBS) is shown for comparison. It should be noted
that residual fluorescence for the better solvents corresponds
roughly to compounds having a concentration-quantum yield
product of 1072, e.g., 10° M and ¢, = 0.001.

Figures 1, 2, and 3 illustrate the extensive range of polarity
available in high quality solvents. Applying the Et (25 °C)
values developed by Reichardt and Dimroth (6) to classify
solvent polarity, the largest gap between cyclohexane and
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Figure 3. Solvent luminescence, (----) Spectral grade benzene.
(@—@—®) Spectral grade carbon tetrachloride, Ey = 32.5 kcal/mol.

(0-0-0) B&J chloroform, 39.1 kcal/mol. (O++O-+0) B&J carbon
tetrachloride
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4. Glass-forming solvents. (@—@—@®) 10% USP grade ethanol,
90% B&J methanol. (O-0-0) 29% B&J propanol or butanol, 71%

B&J ethyl ether. (O--0-+0) 50% B&J pentane, 50% B&J cyclopentane

water was 7.6 kcal/mol (see Figure captions). Incorporating
other B&J high purity solvents and a few binary water
mixtures for gaps at the polar end of the scale, separations
of less than 2 kcal/mol could easily be achieved.

Three weakly luminescent glass-forming solvent mixtures
of low (1:1 pentane/cyclohexane), intermediate (2:5 propa-
nol/ether), and high (1:9 ethanol/methanol) polarity are
presented in Figure 4. The 1:9 alcohol mixture represents
the least fluorescent combination of several mixtures of these
two solvents which forms a stable glass (7).

Solvent Purification. To ascertain the practicality of
simple solvent purification procedures, a fractional distillation
was attempted. Methyl cyclohexane was chosen for purifi-
cation because it is used in several glass-forming solvent
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mixtures but can only be purchased in less than spectral grade
quality. The luminescence of the best of 4 equal fractions
collected from a packed Vigreux column (~10 theoretical
plates) is presented in Figure 5. Although significant im-
provement was made, much more elaborate purification
procedures would be necessary before results competitive with
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high purity commercial solvents could be achieved.

CONCLUSION

Solvent scatter and luminescence have been shown to be
major factors controlling the limits of detection in the con-
ventional fluorescence technique. Solvent luminescence can
frequently be reduced by orders of magnitude with careful
selection or purification. Temporal resolution would also be
valuable for isolating any sample emission long lived in
comparison to the fluorescent impurities of the solvent.
Spectral resolution is of little value, however, unless the
emission is greatly red-shifted from the excitation energy. In
contrast, the interference caused by scattered emission can
frequently be attenuated with either spectral or time reso-
lution, because of its sharp spectral and fast temporal
characteristics.
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Algorithm for the Determination of Decay Rate Constants by Reversal Current

Chronopotentiometry

Donald A. Tryk and Su-Moon Park*

Department of Chemistry, The University of New Mexico, Albuquerque, New Mexico 87131

Current-reversal chronopotentiometry (CRCP) is a tech-
nique which can complement cyclic voltammetry by providing
quantitative kinetic data for slow following reactions in-
vestigated qualitatively by cyclic voltammetry. CRCP has
perhaps been under-utilized because of the difficulties of its
data treatment. We wish to report a convenient algorithm
for the computation of pseudo-first-order decay rate constants
of electrogenerated species using the method of current-re-
versal chronopotentiometry.

For the case where the forward electrolysis current, i, equals
the reversal current, i,, the diffusion equation yields the
analytical solution ().

2 erf \Vkr = erf

where ¢ is the forward electrolysis time, 7 is the time elapsed
between the current polarity switching time and the transition
time for the electrogenerated species, and k is the pseudo-
first-order decay rate constant. For the case in which i, =
ig, the solution is (2)

(u + 1) erf VEr = erf

where u = i,/i;.

k(t+ 1) (1)

k(t + 1) (2)

The usual method for the computation of k has been to read
values of the dimensionless quantity kt from a graph or table
of kt vs. the experimental dimensionless quantity, v/t (I).
Herman has outlined a method for computer-generating such
a table (3). In order to increase the precision of k, the ex-
periment may be run at various values of ¢ to obtain a series
of values of kt. These may be plotted against ¢, the slope of
the line being k (I). In terms of computer programming,
however, a method requiring the use of a stored table and
interpolation therefrom suffers from defects in storage
economy, speed, and precision.

Another approach is to recast Equation 1 in an explicit form,
giving the quantity ¢t/ as a function of kr:

t/r= i[ert“@ erf VEn)]? - 1 3)

where erf™! is the inverse of the error function. The inverse
error function is readily implemented as a subroutine using
the Newton method (4), since the derivative of the error
function is available (5), and the error function itself is
commonly available as a sub ine. The g tric form of

Equation 3 is shown in Figure 1. At large values of ¢/7, kr

0003-2700/79/0351-0585$01.00/0 © 1978 American Chemical Society
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Figure 1. Theoretical curve for CRCP based on Equation 3. The thinner
lines demonstrate the operation of the False Position algorithm. The
asymptote lies at k7 = 0.2275

becomes insensitive to changes in ¢/, but this characteristic
is inherent in Equation 1.

The problem then becomes one of finding roots of Equation
3 so that values of k can be computed for input values of ¢/7.
Rather than attempting to derive a derivative of ¢/ with
respect to kr, which would be necessary in order to employ
the Newton method, the False Position method (4) may be
used. This method does not require a derivative to be known
and is nearly as efficient as the Newton method. Also, the
False Position method required less than half the average
number of iterations required by a simple stepping search
when used on a sample data set. Equation 3 was fitted to
several different differentiable functional forms in order that
the Newton method could be used directly, but a good fit could
not be obtained.

In its simplest form, the False Position method may be set
up using the origin (point 2) and a point on the curve in Figure
1 arbitrarily close to the asymptote, kr = 0.22 (point 1), as
the starting points. In geometric terms, a line is drawn
between the two points, and the intersection of this line with
the horizontal line corresponding to an experimental ¢t /7 value
is found. The kr coordinate of this point is used to compute
a value of t/r using Equation 3. This coordinate pair cor-
responds to a point on the curve (point 3) from which a second
line is drawn to point 1. Again the intersection with the
horizontal ¢/ line is found, and the kr value used to compute
the ¢/ coordinate of a new point on the curve (point 4). The
process is continued until the desired accuracy is obtained.
The iteration formula is then:

(/1) - (/)4
/1), - (t/7);

t/7)g - (t/7);
S )

(k7)isy = (k7);

2
.""
g
Kt %
,’/v,'
1 /e //c
it
/V6
0 7
) 5 4. 1 15

Figure 2. Experimental data with computer-generated kt values. Each
point is averaged from three experiments (See text for experimental
details)

where (t/7)4 is the desired experimental value.

In order to achieve the efficiency indicated above for this
algorithm, the curve was divided into two parts, and t/7 values
below 5.6970 were treated using (0.1600, 5.6970) as the point
of false position. Values of ¢/ above this were treated using
(0.2200, 12.6524). This treatment can easily be extended to
encompass situations in which i, # i by using Equation 2.

Having now a value for k7 for an experimental value of t/7,
one computes kt and plots values of kt vs. t as in Ref. 1. Figure
2 shows a plot using computer-generated values for an ex-
periment similar to one run by Testa and Reinmuth (1) on
the oxidation of p-aminophenol (PAP). Twice-recrystallized
PAP was 1.13 mM in 0.0965 M H,SO,, run at a current of £1
wA using a Pt disk electrode of area 0.021 cm? The k value
was 0.132 % 0.008 s' at the 90% confidence level. This
compares well with the value of Testa and Reinmuth (1),
which was 0.103 + 0.003 s ! for 0.102 M H,SO, and with that
of Herman and Bard (6) determined by cyclic chronopo-
tentiometry, which was 0.115 57! for 0.10 M H,SO,. All of these
values are at 30.0 °C.

A print-out of a FORTRAN IV program using the False
Position method with least-squares and plotting subroutines
is available from the authors.
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Digestion Tube Diffusion and Collection of Ammonia for Nitrogen-15 and Total Nitrogen

Determination

William A. O'Deen* and L. K. Porter
USDA, & Education A Agri

Total N in seeds, plants, soils, manures, sludges, organic
residues, and organic compounds has traditionally been
determined by Kjeldahl analysis. The Kjeldahl digestion

Research, P. O. Box E, Fort Collins, Colorado 80522

converts the organic N to NH,*. Use of digestion tubes
arrayed in an aluminum heating block allows greater numbers
of samples to be digested simultaneously (I). The NH,*

This article not subject to U.S. Copyright. Published 1979 by the American Chemical Society
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Figure 1. Construction details of a tube for tube-diffused collection
of NH,

formed in the digestion has normally been determined by
colorimetric methods or by titration of the NH; trapped in
various acidic solutions following alkaline distillation (2).
Classically, isotope analyses for N have consisted of recovering
the NH,* by distillation and concentrating the NH,* for
subsequent oxidation to N, by alkaline hypobromite for mass
spectrometry or emission spectrometry analysis (3).

This paper reports a simple procedure for the diffusion of
NH; and its quantitative recovery as NH,CI from semimicro
Kjeldahl digests. The recovered NH,CI can be used for N
isotope and total N analyses. The procedure is similar in
concept to the Yoneyama and Kumazawa (4) reabsorption
system for obtaining NH,CI for Dumas combustion and
subsequent isotope analysis, and is an extension of di-
gestion—microdiffusion methods for total N determination
detailed by Conway (5).

The primary advantage of this semimicro diffusion tech-
nique over the distillation technique now commonly employed
is that the diffusion and subsequent evaporation of the excess
HCI to recover the NH,Cl salt are essentially unattended
operations. Our present distillation procedure allows only 20
total N determinations and simultaneous isotopic N sample
preparations in one day. This requires the full time attention
of a laboratory analyst. Following tube-diffusion and ac-
quisition of NH,Cl, hundreds of gravimetric total N deter-
minations, which are immediately ready for N isotope analysis,
can be performed in the same one-day period.

MATERIALS AND METHODS

Special screw-cap digestion-diffusion tubes, 2.5 by 30 cm (Figure
1), were constructed by cutting off the bottoms of screw-cap
culture tubes (Corning 79826) and glass blowing them to Folin-Wu
digestion tubes (Corning £7940). Caps with conical polyethylene
liners (Poly-Seal Caps, A. H. Thomas Co.) provided excellent seals.
Glass indents 7.5 cm from the top of the tubes were formed to
support the NH; absorption vials. The disposable glass shell vials
(1.5 dram, or 5.0 by 1.525 cm) were the same vials used in the
isotopic N inlet system conversion apparatus of Porter and O'Deen
(6).

Isotopic Fractionation. Isotopic N fractionation resulting
from the diffusion of NH; was studied with alkaline salt solutions
containing 1.3 atom % N (NH,),SO,, and Na,;SO,. Solutions
made from (**NH,);SO, (1 mg N/mL) and Na,SO, (220 mg/mL)
were made alkaline with 1 mL of 13 N NaOH. (The Na,SO,
solution closely approximates the inorganic matrix of a neutralized
Kjeldahl digest.) Immediately after making the solutions basic,
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vials containing 3 mL of 1 N HCI were inserted into the tubes
using reverse action forceps. The tubes were then capped and
placed in a 40-hole Tecator or Technicon block digester.

At selected time intervals, tubes were removed and cooled for
5 min prior to vial removal. The extent of NH; diffusion was
determined by steam distillation of the NH; remaining in the
Na,SO, matrix solutions followed by titration with HCL. The
NH,Cl in the vials was taken to dryness on a 95 °C steam table
in an aluminum block holder (6). One-mg N levels were used for
fractionation studies. One mg N as NH,Cl, when oxidized by
alkaline hypobromite, produces optimum N, pressure in the inlet
system of the AEI-MS-20 isotope-ratio mass spectrometer and
inlet system which we used (6). Fractionation can occur if NH,
recovery is less than quantitative (7).

Recovery of NH*-N. Two simple and direct methods were
used to determine whether the N as NH,Cl had been recovered
quantitatively. Gravimetric determination was used by weighing
number etched vials prior to diffusion and following evaporation
of the excess HCl on the 95 °C steam table. The vials were left
on the steam table for 0.5 h after vial and salt appeared dry and
no odor of HCI could be detected. Vials left on the steam table
for 6 h showed no weight losses. After evaporation of the HCI,
the outside of the vials was cleaned with water-wet tissues and
then with methanol. They were then stored in a desiccator. At
normal isotopic abundance, 11.46 mg NH,CI are equivalent to
3 mgN.

A second method employing a solid-state Cl electrode was used
to confirm quantitative recovery of the N as NH,CL Since N is
directly related to C1” in NH,CI, the potential of the CI" electrode
may be used to determine N concentration in solutions of NH,CL
An Orion solid-state chloride electrode (Model 94-117A) and an
Orion pH meter (model 701) in combination with an Orion
double-junction reference electrode (model 90-02-00) were used
to measure N concentration. The vials containing the NH,Cl were
placed on their sides in 600-mL beakers and 50 mL of water were
pipetted into each beaker. The NH,Cl in each vial was dissolved
and transferred to a 100-mL beaker for nitrogen measurement.
Three-minute readings were employed, followed by successive
reimmersion of the electrodes and readings at 2 minutes. A
standard curve of EMF vs. mg N/50 mL plotted on semiloga-
rithmic paper was linear between 0.4 mg N/50 mL and 8 mg N/50
mL with nearly Nernstian behavior.

Total N Analyses. To demonstrate that both plant and soil
samples could be carried through the tube-diffusion procedure
with quantitative recovery of the N as NH,Cl, 0.3 g of ball-milled
corn ear tissue and 1 g of ball-milled Rago silt loam surface soil
from Akron, Colo., were digested and then diffused. Total N
digestions modified to include NO; -N were performed according
to semimicro-Kjeldahl procedures described by Bremner (2).
Block temperature was 375 °C and digestion continued for 4 h.
The digests were cooled and 24 mL of water were added to plant
samples and 16 mL to soil samples to prevent solidification. The
samples were made alkaline by addition of refrigerated 13 N
NaOH in two increments with a 5-min cooling in cold water prior
to the addition of each increment.

Total solution volume was 42 mL for plant samples and 38 mL
for soil samples. Contents were thoroughly mixed by capping and
inverting, and the caps were rinsed and the rims of the tubes wiped
before insertion of the vials. The tubes were capped and diffused.
(A 130 °C temperature and a 2-day period of diffusion were
selected for soil sample diffusion because of bumping at 140 °C
and physical characteristics of the soil diffusion solution.) 140
°C is a maximum safe diffusion temperature.

RESULTS AND DISCUSSION

The recovery of NH; from the diffusion process was highly
dependent upon temperature and diffusion interval (Table
I). At 80 °C, nitrogen isotope fractionation was significant.
t-tests of the N values for the various fractions vs. standard
are all significantly different in N content at the 1%
probability level. When NHj, recovery exceeds 95% (168 h),
the 1*N value approaches that of the standard and differs from
the standard by less than 5 parts per thousand. At 140 °C,
mean separation tests employing the error mean square and
appropriate LSD values show significant differences at the
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Table I. The Amount of NH, Diffusion and Isotopi

tion of Temperature and Diffusion Interval

with a Fixed Volume of 70 mL and an N level of 1 mg (80 C,n=8; and 140°C, n=10)
diffusion period, h

temperature 8 24 48
80°C
% diffusion -- 34.1 60.2
fractionation -- 1.2883 1.2884
(atom % '*N)
variance x 10°* = 10.3 16.3
140°C
% diffusion 63.6 : 94.7 98.3
fractionation 1.3078 1.3072 1.3073
(atom % '*N)
variance X 10°* 0.903 1.13 1.16

72 96 168 standard
73.1 - 95.5 --
1.2930 -= 1.3100 1.3144
50.7 te- 0.714 0.127
98.6 99.0 -- --
1.3093 1.3072 -- 1.3135
0.523 0.633 -- 0.128

Table II. The Extent of Diffusion and Isotopic N Fractionation as a Function of Salt Solution Volume and Diffusion
Period with a Constant N Level of 1 mg/tube and a Diffusion Temperature of 140 °C (8 h,n =4;and 24 h,n =5)°

volume, mL

50 30 10 50 30 10
8h 24 h
amount of diffusion % 69.2 90.9 99.8 98.7 99.4 100
fractionation 1.3030 1.3059 1.3147 1.3113 1.3109 1.3153
(atom % '*N)
deviation from standard 9.95 7.75 1.06 3.65 3.95 0.61
(parts/1000 low)
@ Atom % '*N of standard was 1.3161
Table III. Gravimetric Determinations of NH,Cl Recovered
standards samples
3 mg N? 3 mg N° 1 mgN® plant¢ soil?
mean NH,Cl weight 11.50 11.50 3.86 13.14¢ 3.04°
for 5 determinations (mg)
deviation from expected (%) +0.35 +0.35 +1.05 +0.38 +3.05
coefficient of variation (%) 1.37 1.23 5.37 1.15 2.94

@ Evaporated without diffusion. ? Diffused 1 day at 140 °C from 50 mL. ¢ Diffused 1 day at 140 °C from 42 mL.
4 Diffused 2 days at 130 °C from 38 mL. ¢ Expected values were calculated from 5 corresponding steam distillation deter-
minations. Gravimetric blank determinations had no measurable weight.

1% probability level for the standard N values vs. fractions
from other time intervals. However, atom % '*N values for
the various time intervals differ from the standard by less than
5 parts per thousand.

Table II shows that a reduction in sample volume greatly
increased the recovery for the 8-h collection period and also
influenced the atom % '®N values. With a 10-mL sample
volume and a 1-day collection period, lowering of the '*N
values is no longer significant. Table I shows that quantitative
recovery of small N-level samples would take longer than
quantitative recovery of high N-level samples. Diffusion of
a 1-mg N sample from a 70-mL volume at 140 °C for 1 day
results in 94.7% recovery. Proceeding from 94.7% recovery
(53 ug N remaining in solution) to 99% recovery (10 ug N
remaining in solution) requires 3 days. Only 81% of the 53
ug N in solution would be recovered in 3 days. It also follows
that in a fixed interval of diffusion, a higher percentage of a
high N-level sample would be recovered than a low N-level
sample. Use of this semimicro tube-diffusion apparatus for
microgram quantities of N would require additional diffusion
time to achieve quantitative recoveries.

Isotopic fractionation of nitrogen in tube-diffusion can
therefore be minimized by decreasing sample volume, in-
creasing N level, and increasing the diffusion time. This

llels the per g y of nitrogen under the same
expenmental conditions. The fractionation is inconsequential

in most *N-enriched laboratory, greenhouse, and field ex-
periments, but would produce errors in very exact '*N de-
terminations involving normal abundance studies.

Martin and Ross (8) reported extensive losses of NH,Cl
upon evaporation and recovery of the salt. Under our ex-
perimental conditions, no loss occurred. A water bath
temperature of 95 °C and the upper vial structure acting as
a condenser for NH,Cl vapor eliminated any volatile loss of
NH,Cl. Table III shows that both 3 mg-N standard evap-
orated without diffusion and 3 mg-N standard evaporated
following diffusion resulted in quantitative recovery of the
NH,CI. Slightly over 3 mg N diffused from digested plant
samples also yielded quantitative recovery of the N as NH,CL.
Although quantitative recovery of N as NH,Cl occurred for
1 mg N when diffused from standard solutions or from di-
gested soil samples, diffusion of 1 mg N resulted in a higher
gravimetric coefficient of variation (CV) due to a larger relative
weighing error. However, for gravimetric determination of
3 mg N and above, the CV of 1.4 and below is better than the
CV of 2.45 reported for the block digestion-steam distillation
procedure or the CV of 3.64 reported for the block di-
gestion—-NH; electrode procedure (9).

Solid-state chloride electrode determinations performed on
3 vials saved from corn tissue gravimetric determinations of
N yielded values 0.63% higher, 0.96% lower, and 1.05% lower
(mean = 0.46% lower) than values of N calculated from the



corresponding gravimetric values, providing additional evi-
dence that the N as NH,Cl was quantitatively recovered. The
NH,Cl may therefore be used not only for isotopic N analysis
but for total N determinations. More sensitive N-detection
methods, such as indophenol blue (10) and halide pulse
polarography (11), might also be used with the resulting
NH,CI, especially if this semimicro system were used for
microgram quantities of N.
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General Method for Overcoming Photoacoustic Saturation in Highly Colored Organic and

Inorganic Solids

William H. Fuchsman*
Chemistry Department, Oberlin College, Oberlin, Ohio 44074

Ann J. Silversmith

Gilford Instrument Laboratories, Inc., 132 Artino Street, Oberlin, Ohio 44074

Recent interest in the application of photoacoustic spec-
troscopy (I, 2) to samples which absorb visible light has led
not only to the commercial production of photoacoustic
spectrometers but also to careful examination (2) of the
advantages and limitations of the technique. A general
problem in the application of photoacoustic spectroscopy to
highly colored solids is saturation, which results in featureless
spectra.

Saturation occurs when light is so effectively absorbed that
the spectrum ceases to be dependent on the sample ab-
sorptivity. In photoacoustic spectroscopy, a layer of material
with thickness approximately equal to the thermal diffusion
length p of the material can contribute to the signal; u « f /2,
where f is the frequency of modulation. The relative sizes of
p and the optical penetration depth 1/8 determine whether
saturation occurs. If the material is so highly absorbing that
all of the light is absorbed in the first thermal diffusion length
(1/8 « u) over a range of wavelengths, then the photoacoustic
spectrum is independent of sample absorptivity, and satu-
ration occurs. Saturation can be avoided either by increasing
the modulation frequency or by making the sample thickness
so small that it is on the order of 1/8 (cf. Figure 1, Reference
3).

EXPERIMENTAL

Tetraphenylporphin and its dication were synthesized by
literature methods (4, 5). Photoacoustic spectra were obtained
on a Gilford R-1500 spectrometer. Samples were attached to an
aluminum sample holder by two-sided adhesive Cellophane tape.
Diffuse reflectance spectra were obtained on a Beckman Acta IV

Solution absorbance spectra were obtained on a Cary 17 spec-
trophotometer. Scanning electron microscopy was performed on
an AMR 1000-A instrument. Thin-layer grade alumina was
purchased from Woelm; infrared grade KBr was purchased from
Harshaw Chemical Company.

RESULTS

In our initial attempts to obtain photoacoustic spectra of
solid porphyrins, even with high (2 kHz) chopper frequencies
and thoroughly ground samples, we obtained typical saturated
spectra (Figure 1A). In order to break up the sample particles
still further, we ground tetraphenylporphin with thin-layer
grade alumina. By so doing, we were able to obtain well
defined phetoacoustic spectra of tetraphenylporphin in the
400-700 nm visible region (Figure 1). The visible region
photoacoustic spectrum of tetraphenylporphin ground with
alumina exhibited A,, values of 422, 519, 553, 594, and 652
nm. The photoacoustic spectrum of tetraphenylporphin
ground with alumina was similar to the diffuse reflectance
spectrum of pure tetraphenylporphin (Figure 1A) and the
solution absorption spectrum of tetraphenylporphin dissolved
in chlorobenzene (Figure 1B). Diffuse reflectance spectra of
pure tetraphenylporphin and tetraphenylporphin ground with
alumina showed no evidence of change resulting from grinding
with alumina. We also obtained well defined photoacoustic
spectra of tetraphenylporphin ground with infrared grade KBr.

Grinding samples with a white inorganic solid appears to
be a general procedure for obtaining photoacoustic spectra
of intensely colored solids. Saturation prevented successful
visible region photoacoustic spectroscopy on pure solid po-
tassium chromate, pure solid potassium dichromate, and pure

spectrophotometer with reflectance sphere attach
were lightly spread on adhesive Cellophane tape; a BaSO, powder
sample was behind the tape. The reference was BaSO, powder.

solid copper phthalocyanine (2). Figure 2 shows visible region
photoacoustic spectra of potassium chromate and potassium

0003-2700/79/0351-0589$01.00/0  © 1979 American Chemical Society
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Figure 1. (A). (1) Photoacoustic spectrum of pure solid tetra-
phenylporphin, f= 2 kHz; (2) diffuse reflectance spectrum of pure
solid tetraphenylporphin in percent transmittance; (3) photoacoustic
spectrum of solid tetraphenylporphin ground with alumina (1 mg/g
alumina), f= 100 Hz. (B). (1) Photoacoustic spectrum of solid tet-
raphenylporphin ground with alumina (1 mg/g alumina), f = 100 Hz;
(2) absorbance spectrum of tetraphenylporphin dissolved in chloro-
benzene

dichromate, each ground with alumina. After grinding samples
with alumina, we also obtained visible region photoacoustic
spectra of potassium permanganate, copper phthalocyanine,
hemin, and chlorophyllin.

Grinding time appeared to be important for some samples.
Tetraphenylporphin dication (with trifluoroacetate coun-
terions) was converted to tetraphenylporphin by prolonged
grinding but not by brief grinding with KBr.

Samples ground with KBr were successfully examined both
as powders and as pieces of KBr pellets which had been used
for infrared and Raman spectroscopy.

The degree of saturation, particularly in the 400-450 nm
region of most intense absorption by tetraphenylporphin,
depended upon the relative amounts of tetraphenylporphin
and white inorganic solid which were ground together. Lower
tetraphenylporphin:alumina and lower tetraphenylpor-
phin:KBr mass ratios gave samples which exhibited less
extensive saturation. The solid dilution effect is consistent
with the proposal that organic solids ground with inorganic
diluents are coated onto the surfaces of the inorganic particles
rather than divided into smaller discrete particles (6). When
examined by scanning electron microscopy, alumina ground
with tetraphenylporphin appeared to have bits of tetra-

PHOTOACOUSTIC SIGNAL

! | l
300 400 500 600 700

WAVELENGTH (nm)

Figure 2. Photoacoustic spectra of solid K,Cr,0, ground with alumina
(—) and solid K,CrO, ground with alumina (---), f= 100 Hz

phenylporphin coating the alumina particles.

White alumina and KBr by themselves showed no ab-
sorption of visible light during photoacoustic spectroscopy.

Successful application of photoacoustic spectroscopy to
pure, solid hemeproteins has been possible (7, 8) despite their
large molar absorptivities and despite similarities in structure
and optical properties of hemeproteins and tetraphenyl-
porphin. Lack of saturation effects in solid hemeproteins
might be associated with lower chromophore density (in
moles/volume) in hemeproteins than in protein-free porphyrin

.compounds. Such chromophore concentration effects have

been observed in photoacoustic spectra of methylene blue in
aqueous solution (3) and tetraphenylporphin in chlorobenzene
solution (9).
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Automatic Device to Monitor and Terminate a Distillation

Robert R. Lowry

Department of Agricultrual Chemistry, Oregon State University, Corvallis, Oregon 97331

To obtain the level of purity presently required for many
chromatographic techniques, it is often necessary to redistill
solvents. This is true even with reagent grade material, as
well as lesser grades and solvents that have been stored for
a period of time.

Distillation is time-consuming and can be hazardous. If left
unattended, broken hoses result in floods while overheated
mantles result in damaged mantles and/or broken flasks, any
of which may cause fires. These hazards are minimized using
the device described below. Any failure of either the power
or the water flow right up to the exit into the drain will result
in the shutting off of both the water and the power. Further,
an adjustable sensor permits the distillation to be turned off,
both power and water, with a previously chosen level of solvent
remaining in the still flask. This level can be chosen at any
time before or during the distillation.

DESIGN

All electrical connections and circuits are outside the still
itself with only a float made of glass or glass and metal in the
solvent chamber. Standard flasks and mantles are used; the
only requirement is that the flask have two necks, one of which
should be a ¥ 45/50. If necessary, all the circuitry can be solid
state. The drawings shown, however, have an electrome-
chanical relay and two manual switches. A low voltage system
is used to minimize arcing and other electrical hazards.

Figure 1 shows the equipment added to a regular still, in
this case a 5-L flask and mantle. A glass guideway is made
using a through-type ¥ 24/40 joint with a 12-mm upper
diameter. This in turn sits upon a stock ¥ 24/40 to 45/50
adapter. Inside, a float consisting of two glass spheres on the
ends of a wire, is free to rise and fall with the solvent level.
The upper sphere is made of an opaque glass. If necessary,
the wire could be replaced with a fine glass rod or tube.

Also shown is the sensor head containing a light source, PL;
a light activated silicon controlled rectifier, PC; a switch, S1;

Figure 1. View of flask, solvent, float, float guideway, and sensor head

sV HEATER LINE
_Lj "
~
—_—— MR = 5
2000
c2
4] 52

Figure 2. Schematic of device

Table I. Parts List for the Device
C1 0.1 uf, 50 V de capacitor
Cc2 100 uf, 50 V dc capacitor
PL 18-24V pilot light
PC  General Electric L911F photo SCR

MR Potter & Brumfield KRP1DG relay

F1  for mantle plus T1 fuse

Ti 14 V, 0.25 A secondary transformer
SV Sporlan, 115 V, NC solenoid valve
CR SEN2A1l bridge rectifier
S1 push button, NO switch

S2 Cherry #E22, NO microswitch

and the resistors, R1 and R2, shown in Figure 2 and listed
in Table I. The sensor head height is adjusted by a rubber
grommet stop that is on the glass tube. When the opaque
sphere interrupts the light beam from PL to PC, the circuit
path to the relay coil is broken.

This can only be reset by manually closing switches S1 and
S2 simultaneously. Switch S1 is a momentary push button
and S2 is a flow switch consisting of a microswitch with a small
plate of aluminum attached. This is located immediately
above the drain and is so positioned that the exit stream of
the condenser cooling water holds it in the closed position.

The relay controls the 110-V power to the heater and
solenoid valve that controls the water supply. The latter is
“hard” plumbed into the line and contains a constrictor for
the water flow. With this arrangement, any loss of a hose
connection or breakage of the condenser immediately stops
the water flow and turns off the power.

In normal operation, once the distillation is proceeding and
the solvent cut desired is being collected, it is necessary only
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to have the sensor head located at the correct height for
unattended operation.

The device described has been in use for eight years without
a failure of any sort. It has permitted the distillation of
hundreds of liters of a variety of organic solvents safely and
economically in a system that is essentially of all glass

construction with a minimum of technical attention.

RECEIVED for review December 18, 1978. Accepted January
15, 1979. This work was supported by the Oregon Agricultural
Experiment Station, Technical Paper No. 4917.

CORRECTION

Anodic Stripping Peak Currents: Electrolysis Potential
Relationships for Reversible Systems

In this article (Zirino, A.; Kounaves, S. P. Anal. Chem. 1977,
49, 56), an inconsistency for the derivation of an equation for
the half-wave (E,,,) potential of a “polarogram™ generated
from peak currents or peak areas (charges) obtained by anodic
stripping voltammetry has been found. The corrected

equation should be

RT
Y —
Eyp=E°+55n

2‘)0"0"2) RT
3Doyr

This expression differs from the previously derived equation

by the “2" in

The difference occurs from our failure to integrate the
equation for the surface concentration of the reduced com-
ponent under conditions of constant flux (Shain, L; Lewinson,
J. Anal. Chem. 1961, 33, 187.). We equated Cy(O) with Cr(O)
which in practice sets the mean value of Ci(O) over the in-
terval to the final value of Cx(O) at the end of the electrolysis.
"That this is incorrect can also be seen intuitively from the
following. Since diffusion within the drop can be neglected,
Ck(0) can be shown to increase linearly with ¢ even at very
low overvoltages. Thus Cy(O) lies between zero and Cy(0)

at t, and (_"(_Oi = (Cx(0)/2.

The resolution of our data is not sufficient to clearly
distinguish the factor of 2 experimentally. Differences in
junction potentials and E° between our experimental con-
ditions and those which produced reference values (Harned,
H. S.; Owen, B. B. “The Physical Chemistry of Electrolyte
Solutions™; Reinhold: New York, 1958.), as well as the lack
of comparative values for v and 7 make this impossible at
present (Ben Yaakov, S.; private communication.).

In accordance with the above, the corresponding equation
for the half-wave potential of a stripping polarogram generated
on a thin Hg film of thickness " should be

Big=E4 5L 1y (

nF

ﬁlﬂ) . In (2)
Doyr

nF

The expanded equation for the potential-current rela-
tionship should be similarly corrected.
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