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It isn’t simply that Whatman AIEC’s outper-
form other ion exchange celluloses (they do, of
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thing is that they’re Whatman AIEC's.

If you are separating and/or purifying
enzymes, proteins, nucleotides and the like*,
and the separations are at all critical, we suggest
that you can profitably ignore the lesser breeds.

With Whatman AIEC’s you can confidently
expect better resolution, higher capacity, par-
ticularly for macromolecules, good to excellent
flow rates, among other virtues. And, far from
least, Whatman product quality: uniformity,
reliability, consistency of performance.

Whatman AIEC's are available in both fibrous
and microgranular form (either anion or cation).
They pack easily and exceptionally well. They
aren’t the least expensive—the best rarely is.

Interesting new technical data supporting
these contentions are available on request. We
appreciate your requests.

_ ‘"e.g.. peptides, nucleosides, hormones, viruses, poly-
saccharides, lipids, among others.
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Briefs

Time and Spatially Resolved Atomic Absorption
Measurements with a Dye Laser Plume Atomizer and
Pulsed Hollow Cathode Lamps 2066

Pulsed hollow cathode lamps with pulses as short as 1-us
are used as pnmar\ sources for atomic absorption measure-
ments. Infl sample chamber pressure are studied.
R. M. Manabe and I-.dv\lrd H. Piepmecier,® Department of
Chemistry, Oregon State University, Corvallis, Ore. 9730
Anal. Chem.,

5101979)

Inductively-Coupled Argon Plasma as an Excitation
Source for Flame Atomic Fluor Spectrometry
2071

Sensitivity and noise sources of the technique are evalu-
ated. Detection limits for 14 elements are compared to de-
tection limits obtained by other radiation sources and to
those obtained by other atomic spectrometric techniques.
M. S. Epstein, S. Nikdel, N. Omenetto, R. Reeves, J. Brad-
shaw, and J. D. Winefordner,* Department of Chemistry, Uni-
versity of Florida. Gainesville, Fla. 32611  Anal. Chem.. 51 (1979)

Lophine Chemiluminescence for Metal lon
Determinations 2077

Emission intensity is a function of analyte reduction poten-
tial. Detection limits are OC1=. 1 X 107 M; Co(II), 8 X
10-7 M; Cr(IID), 5 X 1076 M: Cu(lIl), 5 X 107% M. RSDs are
in the range of 2-5%.

Allan MacDonald, Kenneth W. Chan, and Timothy A. Nie-
man,* School of Chemical Sciences. University of Hlinois, Urbana.
111 61801 Anal Chem., 51 (1979)

Enzyme Amplification Laser Fluorimetry 2082
Detection limits for glucose-6-phosphate, a-ketoglutaric
acid, and NADP are 2nM, 4 X 10~ mol,and 1 X 10714
mol, respectively. Sensitivity for NADP is 0.1 nM.

T. Imasaka and R. N. Zare,* Department of Chemistry, Stanford
University, Stanford, Calif. 94305 Anal. Chem., 51 (1979)

M‘ Aat. 2 43, o' M g |n Ani 1 T‘
by Flameless Atomic Absorption Spectrometry 2086

Treatment with HCI liberates Mu from animal tissues.

RSD for a 10-uL sample of plasma extract, containing 2.07

ng Mn/mL, is 3.5%. Matrix and other interferences are not

detected.

David I. Paynter, Department of Animal Science and Production,

University of Western Australia, Nedlands, Western Australia 6009
Anal. Chem., 51, (1979)

Determination of Aluminum in Blood, Urine, and Water
by Inductively Coupled Plasma Emission Spectrometry
2089
Optimum working conditions and interferences by metals
and metalloids common in biological samples are studied
using a concentric pneumatic nebulizer. Detection limits
are 0.4 ug/L in water, 1 ug/L in urine, and 4 pg/L in blood.

Pierre Allain® and Yves Mauras, Laboratoire de Pharmacologie,
C.H.U,, 49036 Angers Cedex, France Anal. Chem., 51 (1979)

* Corresponding author.
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Chemilumi 1 Det F——
Important Organic Reductants 2092
Detection limits tin mg/L) are: ascorbic acid, 0.17; creati-
nine, 4.7; uric acid, 0.64: glutathione, 1.0; glucuronic acid,
9.1: lactose, lucose, 21, The RSD of the chemilumines
cent signal i 5%.
Robert L. Veazey and Timothy A. Nieman,* School ol Chemical
Sciences, University of Hinois, Urbana, L 61501

Anal Chem

of Clinically

EYRVEA

Laser Fluorometry of Fiuorescein and Riboflavin 2096

The detection limits of fluorescein and riboflavin are deter-
mined to be 0.02 and 0.6 parts-per-trillion, ohtained by a
nitrogen-laser-pumped dye laser and pulse- anl phaton
counter.
Nobuhiko Ishibashi,* Teiichiro Ogawa, Totaro Imasaka. and
Mikio Kunitake, Faculty of Engincering, Kyvushu Universits, Fu
kuoka 812, Japan Anal Chem 51047

Flame Photometric Determination of Carbon Disulfide
in Air after Specific Preconcentration 2100

Atmospheric CS; samples are analyzed by headspace tech-
nique and flame photometry after concentration on sodium
azide and hexamethylphosphorotriamide treated chroma-
tographic support. Temperature-dependent €S, hydrolvsis
is studied for its effect on quantitative determinations.
Jean Godin,* Jean-Louis Cluet, and Claude Boudéne, IN-
SERM U . Laboratoire de Toxicologie, UER des Sciences Phar
maceutiques, 92200 Chatenay-Malabry, France

Anal Chem |

Al el

Quantitative Electron Spectroscopy for Chemical
Analyses of Bitumen Processing Catalysts 2102
ESCA is used to analyze Mo/ALO hydrodesulfurization
catalysts containing nickel and cobalt as promoters.
G. M. Bancroft and R. P. Gupta, Department of Chemistry, Uni
versity of Western Ontario, London, Ontasio, Canada, and AL H.
Hardin® and M. Ternan, Encrgy Rescarch Laboratories, Depart
ment of Energy, Mines and Resources, Ottawa, Ontano, Canada
Anal Chem (51019749

Determination of Elemental Concentration Maps from
Digital Secondary lon Images 2107
A numerical correction routine applied in cach pixel of dig
itized ion images can be performed at a rate of approxi-
mately 0.2 s/pixel on a PDP 11 minicomputer.

Wolfgung Steiger and Friedrich G, Rudenauer,® SGAF, Le
naugasse 10, A-1052 Vienna, Austrin Anal Chem 51 (1970

2112

CNHS ratios are caleulated from data on unweighed ana
lyzed samples using three lincar cquations correluting bina-
ry atomic ratios of organic compounds with binary signal
ratios of their four combustion gases.

Bruno Colombo und Guido Giazzi, Carlo Erba Strumentaz
Rodana, Milan, haly, and Ermes Pella,® Farmitalia Curlo Erba,
Ricerca e Sviluppo Chimico, Milan, Waly  Anal Chem 51 (1979)

Processing Elemental Microanalytical Data
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on specific ion methods. Again.

And it’s yours
for the asking.

The newly-revised ninth edition
of the Analytical Methods
Guide is now available from
ORION Research. The result of
15 years of leadership in
specific ion technology, this
unique, comprehensive guide is
an indispensible tool for the
analyst seeking the simplicity,
time-savings, and precision in-
herent in analysis by electrode.

More than 80 species readily
measurable by electrode and
hundreds of applications in
research, industry, and bio-
medicine are listed. You'll also
find detailed information on
sample preparation and the
several direct and incremental
analytical techniques utilized
in electrode measurements.
Complete references are in-
cluded for each method.

In addition, the Analytical
Methods Guide is a storehouse
of facts on specific ion and pH
electrodes, instrumentation,
accessories and solutions, and
more.

To obtain your free copy of the
ORION Analytical Methods
Guide mail the coupon today.
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ORION RESEARCH
380 Putnam Avenue, Cambridge, MA 02139, U.S.A.
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Briefs

Sensitivities and Interferences in Activation Analysis
of Thin Samples by means of 25-MeV to 30-MeV Protons
2116

Activation properties of Na, Mg, Cl, Ca, Ti, Cr, Mn, Fe, Ni,
Cu, Zn, As, Br, Sr, Cd, Sn, Sb, and Pb through bombard-
ment of thin samples by 25-MeV to 30-MeV protons for
routine nnnlyus are considered. Detection limits are in the
nanogmm to microgram levels: i

P. Priest, Laboratoire de Chimie Inorganique et Nucléaire, Univ-
ersité Cathohque de bouvmn 2, Chemin du Cyclotron, B-1348
1 and G. D« deleer,* Service de Ra-
diop ion, Université Catholique de Louvain, 2, Chemin du
Cyclk B-13481 in-la-N , Belgi

Anal. Chem., 51 (1979)

Thermometric Titrations of Polyprotic Acids 2122

The formulation of n equivalent equations for the thermo-
metric titration curve of a polyprotic acid H, A are given,
the pK values of which are comparable.
Maurice A. Bernard and Jean-Louis Burgot,® Laboratoire de
Chimie Minérale B, Groupe de Cristallographie et Chimie Solide,
L.A. 251, Universite de Caen, 14032 Caen Cedex. France

Anal. Chem., 51 (1979)

Cathodic Stripping Voltammetric Determination of
Organic Halides in Drug Dissolution Studies 2127

Determination of organic hydrochlorides and hydrobro-
mides at concentration orders of 10~ M gives accurate and
precise (3.1% and 2.9% coefficients of variation) results by
stripping voltammetry following mercurous halide electro-
lyte saturation.
Ian E. Davidson,® Wyeth Laboratories, Huntercombe Lane
South, Taplow, Maidenhead, Berkshire, SL6 OPH, England, and
W. Franklin Smyth, Department of Chemistry, Chelsea College,
University of London, M Road, London SW3, England
Anal. Chem., 51 (1979)

Pseudopolarographic Determination of Metal Complex
Stability Constants in Dilute Solution by Rapid Scan
Anodic Stripping Voltammetry 2133

No complexation of lead and cadmium occurs with glycine
at pH 4.68. speciation in gecthermal water is a PbCl*+
complex. Arsenic(I1]) structure at 1.0 ng/mL in acid solu-
tions in As(OH);.
Bwven D. Brown ud Brnce R. Kowalski,* Department of
ry, Ul Seattle, Wash. 98195
Anal. Chem., 51 (1979)

Potassium Titanium(IV) Oxalate as a Reagent for
Automated Pulse Polarographic Determination of Se-
romucoids 2139

The tes at 60 samples/h with approximately
%0.5% precmon and less than 2% carry-over for determina-
tions in the range 1-30 mg L.

P.W. Alexander® and M. H. Shah, Department of Analytical
Chemistry, University of New South Wales, P.0. Box 1, Kensing-
ton, NS.W., Australia 2033 Anal. Chem., 51 (1979)

Amperometric Membrane Electrode for Measurement
of Ozone in Water 2144
A current sensitivity of 0.484 gA (mg/L)~! (cm)~?is ob-
served at an applied voltage of +0.6 V (vs. SCE) at 22 °C. A
detection limit of 62 ug/L is predicted at twice the ob-
served residual current.
John H. Stanley and J. Donald Johnson,* Department of Envi-
ronmental Sciences and Engineering, School of Public Health,
University of North Carolina at Chapel Hill, Chapel Hill, N.C. 27514
Anal. Chem., 51 (1979)

Copper lon-Selective Electrode for Determination of

Inorganic Copper Species in Fresh Water 2148
Distributions of CuOH*, Cus(OH.)**, CuCOxlaq),
Cu(CO3).2~ are deduced measuring Cu**, OH-, and CO4*~

concentrations as functions of pH in controlled media. Cu-
CO3(aq) predominates at natural pH and alkalinity levels.
Renato Stella® and M. T. Ganzerli-Valentini, Laboratorio di
Radiochimica e Centro di Radiochimica ed Analisi per Attivazione
del C.N.R.Astituto di Chimica Generaled ed Inorganica, Universi-
ta di Pavia. Viale Taramelli 12, 27100 Pavia, ltaly

Anal. Chem.. 51 (1979)

Quantitative Examination of Thin-Layer
Chromatography Plates by Phot tic Spect

L4 J

2152

Twenty ng of fluorescein in 4.5 mg of silica gel is detectable
with an RSD of 0.08-0.1.

S. L. Castleden,* C. M. Elliott, G. F. Kirkbright, and D. E. M.
Spillane, l)epnrlmenl of Chemistry, Imperial College, London
SW72AY, UK Anal Chem., 51 ¢(1979)

Mass Spectrometric Tracer Pulse Chromatography
2154

Mass spectrometric tracer pulse (MSTP) chromatography
measures vapor-liquid or vapor-solid equilibrium data.
The technique is based on normal tracer pulse chromatog-
raphy, but utilizes stable isotopes and a mass specific de-
tection system.
J. F. Parcher® and M. L. Selim, Chemistry Department, The
University of Mississippi, University, Miss. 38677

Anal. Chem., 51 (1979)

Effect of Temperature on the Separation of
Conformational Isomers of Cyclic Nitrosamines by
Thin-Layer Chromatography 2157

Resolution of conformational isomers not separable at
room temperature is achieved at =77 °C. Better separation
occurs at low temperatures with improved resolution occur-
ring with continued development.

Haleem J. Issaq,* Mario M. Mangino, George M. Singer,
David J. Wilbur, and Nelson H. Risser, Chemical Carcinogene-
sis Program, Frederick Cancer Research Center, Frederick, Md.
21701 Anal. Chem., 51 (1979)

Thin Layer Chromatographic Separation of Pesticides,
Decachloroblphenyl, and Nucleosides with Micellar
Solutions 2160

Aqg solutions of dodecyl sulfate with polyam-
ide separates p,p’-DDT, p,p’-DDD, p,p’-DDE, and deca-
chlorobiphenyl on alumina thin-layer sheets. Reversed mi-
cellar solution separates adenosine, cytidine, guanosine,
and uridine.
Daniel W. Armstrong® and Robert Q. Terrill, Department of
Chemistry, Bowdoin College, Brunswick, Me. 04011

Anal. Chem., 51 (1979)
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Na'lgene‘D
FEP Sep Funnels are as
chemical resistant as g

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 ;
Yyou 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, too.

Get extraordinary chemical re-
sistance and convenience with
these economical alteratives 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.




Briefs

N,N’-Bis(p-phenylibenzylidene)-a,a’-bi-p-toluidine as
Stationary Phase in a Packed and in a Micropacked

Column 2163

Combined thermal and ehn\malographlc studies of N,N’-
bls(p~phenylben&\'hdem)<\ «’-bi-p-toluidine as a packing
material reveal the highest separauon of polycyclic aromat-
ic hydrocarbons occurs at 275-280 °C.

F. Janssea, Chemistry Department, KEMA Laboratories, Utrecht-

seweg 310, Arnhem. The Netherlands Anal. Chem., 51 (1979)

Interactive Effects of Temperature, Salt
Concentration, and pH on Head Space Analysis for
Isolating Volatile Trace Organics in Aqueous
Environmental Samples 2167
Sixty-six-fold enrichment factors are obtained by increas-
ing temperature from 30 to 50 °C and by increasing
Na,S0, solution concentrations from zero to saturation.

L. Friant, Acad of N | Science, F
Pa. 19104, and Irwin H. Suffet,® Department of Chemistry, Envi-
ronmental Studies Institute, Drexel University, Philadelphia, Pa.
19104 Anal. Chem., 51 (1979)

Philadelnhi

Determination of Alkoxyl Substitution in Cellulose
Ethers by Zeisel-Gas Chromatography 2172

Adipic acid catalyzes the hydriodic acid cleavage of substi-
tuted alkoxyl groups quantitatively to their corresponding
alkyliodides. In-situ xylene extraction of alkyliodides al-
lows for determination of alkoxy substitution in cellulosic
ethers.

K.Lﬂodgu.'w E.Kel!er.D L. Wiederrich, and J. A. Gro-
ver, The Dow C y, Midland, Mich. 48640
Anal. Chem., 51 (1979)

Reduction in Sample Foaming in Purge and Trap Gas
Chromatography/Mass Spectrometry Analyses 2176

Silicone surfactants and heat dispersion are used to reduce
foaming in purge and trap GC/MS analyses of volatile pri-
ority pollutants. Qualitative and quantitative aspects of re-
duction are considered.

M. l’. Rose nd B. N. Colby,* Chemistry and Chemical Engineer-
ing S and Soft P.0. Box 1620, La Jolla, Calif.
92038 Anal. Chem., 51 (1979)

Trace Enrichment with Hand-Packed CO:PELL ODS
Guard Columns and Sep-Pak Cg Cartridges 2180

The efficiency of removing an organic compound from sea-
water using RP-18 packing depends on the water wlublhty
of the pound and on the vol of water p
William A. Saner,* J. Richard Jadamec, and Richard W.
Sager, U.S. Coast Guard Research and Development Center,
Avery Point, Groton, Conn. 06340, and Timothy J. Killeen, Sta-
tistics Department, University of Connecticut, Storrs, Conn. 06368
Anal. Chem., 51 (1979)

Survey of Carbon-13 Chemical Shifts in Aromatic
Hydrocarbons and Its Application to Coal-Derived Ma-
terlals 2189

A 13C chemical shift assignment scheme yields structural
information on the oxygen and aliphatic carben groups in
coal extracts.
C. W. Snape and W. R. Ladner,* National Coal Board, Coal Re-
search Establishment, Stoke Orchard, Cheltenham, Glos. G1.52
4RZ, England, and K. D. Bartle, Department of Physical Chemis-
try, University of Leeds, Leeds LS2 9T, England

Anal. Chem., 51 (1979)

Error Estimates for Finite Zero-Filling in Fourler
Transform Spectrometry 2198

Four zero-fillings for the absorption mode and three zero-
fillings for the magnitude mode will usually suffice to re-
duce the peak height error to less than 2%.

Melvin B. Comisarow* and Joe D. Melka, Chemistry Depart-
ment, University of British Columbia, Vancouver, British Colum-
bia, Canada V6T 1W5 Anal. Chem., 51 (1979)

Simulation of Nuclear Magnetic Resonance Spin

Lattice Relaxation Time Measurements for

E ination of Syst tic and Random Error Effects
2203

Systematic and random errors in NMR spin lattice relaxa-
tion time (T';) measurements are investigated by simulat-
ing relaxation data using various experimental parameters:
pulse width, recovery delay, waiting times, and signal-to-
noise.
T. Phil Pitner® and Jerry F. Whidby,* Philip Morris USA Re-
search Center, P.0. Box 26583, Richmond, Va. 23261

Anal. Chem., 51 (1979)

Detection of Small Quantities of Photochemically
Produced Oxygen by Reaction with Alkaline Pyrogaliol
2206

A continuous flow system detects oxygen quantities of 3.5
X 10~ mol by spectrophotometric monitoring of trap re-
agent alkaline pyrogallol.

I.A. Duncan,* A. Harriman, and G. Porter, Davy Faraday Re-
search Laboratory of The Royal Institution, 21 Albemarle Street,
London WIX 4BS England Anal. Chem., 51 (1979)

Neutron-Capture Prompt 'y-Ray Activation Analysis
for Multielement Determination in Complex Samples
2209

Up to 17 elements from among the set H, B, C, N, Na, Mg,
Al Si, P, S,Cl, K, Ca, Ti, V, Mn, Fe, Cd, Nd, Sm, and Gd
are measurable in samples of coal, fly ash, orchard leaves,
and hovine liver.

M. P. Failey, D. L. Anderson, W. H. Zoller, and G. E. Gordon,*
Department of Chemistry, University of Maryland, College Park,
Md. 20742, and R. M. Lindstrom, Center for Analytical Chemis-
try, National Bureau of Standards, Washington, 1).C. 20234

Anal. Chem., 51 (1979)
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The Antlia hand pump puts pressure
ontheliquid,not on you.

You've seen this little drama in your Jab: you homogenize
some tissue into hgud, put it anto a standard syringe, then
try 1o separate the plasma frem the debris by running it
through & membrane. Only it takes more muscle than you
have 1o drive down the plunger to push the solution through
the debris-clogged membrane . . . and then. to add to your
problems, the syringe starts to leak.

S&S puts an end 1o all this with the S&S Antlia system —
because ity unique hand pump can build and sustain pres-
sures as high as 75 psi — far more than can be developed hy
i standard syringe. It's designed to separate out the soluble
fractions from homogenized ceils without impossible etfort,
without leaking. without clogging. And that’s why, in the
ficlds of immunochemistry and immunology. it's the most-
used device of its kind.

For greatest efficiency in using the Anthia system for this
application, we recommend S&8 BAKS membrane filters
(045m). The Antlia is used for any number of other uppli-

ture media where we recommend low-extractable

cations as well, e.g.. cold-sterilization of tissue cul- ﬂ
BAS3 1 (0.2um). ]

To remove the effort. as well as the cell fragments,
use the Antlia pneumatic hand pun’%\
For complete information on the V

Antlia system and S&S mem- =<

branes, ask Schleicher & Schuell. ™
Inc.. Kecne. New Hampshire =~
03431: (603) 352-3810.

Schleichers Schueﬁ )

Schleicher & Schuell, Inc.

Keene, New Hampshire 03431

Schleicher & Schull GmbH. D-33%4, Dassel. West Germany
Schleicher & Schull AG, 8714, Feldbach ZH, Switzerland
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Briefs

Frequency Modulated Correlation Chromatography
2222

By frequency modulating a signal, signal processing tech-
niques previously useful only in linear areas of an isotherm
are made useful in nonlinear areas.
Dan C. Villalaati and M. F. Burke,* Analytical Division, De-
partment of Chemistry, University of Arizona, Tucson, Ariz.
85721, and J. B. Phillips, Department of Chemistry and Biochem-
istry, Southern Illinois University, Carbondale, 111. 62901

Anal. Chem.. 51 (1979)

Inductively Coupled Plasma Emission Spectrometric
Detection of Simulated High Performance Liquid
Chromatographic Peaks 2225

Separation and detection of Al, As. B, Ba, Ca, Cd, Co, Cr,
Cu, Fe. K. Li. Mg, Mn, Mo, Na, Ni, P. Pb, Sb, Se, Sr. Ti. V
and Zn are evaluated. Comparisons are made between ICP
and AAS for HPLC peak detection of EDTA and NTA
copper chelates. and to UV solution absorption for Cu che-
late detection.

David M. Fraley, Dennis Yates, and Stanley E. Manahan,® De-
partment of Chemistry, University of Missouri, Columbia. Mo.
65211 Anal. Chem., 51 (1979)

Selective Electrocatalytic Method for the
Determination of Nitrite 2230

A Mo-cataiyst permits nitrite determination in the pres-
ence of nitrate. With 0.01-1 mM NO., the working curve
slope is 8.18 + 0.04 nA/M and linear correlation coefficient,
0.9997.

James A. Cox* and Anna F. Brajter, Department of Chemistry
and Biochemistry, Southern Illinois University at Carbondale,
Carbondale, Il1. 62901 Anal. Chem., 51 (1979)

Hydroxyl Anion Chemical lonization Screening of
Liquid Fuels 2232

Mass spectra of screened aromatic components in liquid

fuels using hexane as the solvent are characterized by the
gnals from aliphatic components.
L. W-yne Sleck.' Nauonal Bureau of Standards, National Mea-

y, Wi D.C. 20234, and K. R. Jen-
nings nnd P. D. Burke, Department of Chemistry and Molecular
Sciences, University of Warwick, Coventry CV4 7AL, England

Anal. Chem., 51 (1979)

of able si|

Interlaboratory Study of the Determination of
Polychlorinated Biphenyls in a Paper Mill Effluent
2235

A method for determining PCBs in paper mill effluent is
satisfactory for effluents having greater than 2 ug/L PCB
content and easily removed interferences.

dJoseph J. Delfino,* Labornwry of Hygiene, 465 Henry Mall, Uni-
versity of Wi di Wis. 53706 and Dwight
B. Easty, The Institute of Paper Chemistry, P.O. Box 1039, Ap-
pleton, Wis. 54912 Anal. Chem., 51 (1979)

Quaternized Porous Beads for Exclusion
Chromatography of Water-Soluble Polymers

Molecular weight calibration graphs, theoretical plate
height plots, and concentration effects are obtained for cat-
ionic polyelectrolytes chromatographed on quaternized po-
rous glass.
( P. Talley and L. M. Bowman,* Rescarch and Deve! lopme nt,
Calgon Corporation, Post Office Box 1346, Pittsburgh, I
Anal. Chem

2238

511979

Electrochemical Studies of the Oxidation Pathways of
Apomorphine 2243

In the absence of strong nucleophiles, an irreversible chem-
ical reaction follows the initial 2¢=/2H* oxidation of apo-
morphine and eventually produces a new redox couple.
H.-Y. Cheng, E. Strope, and R. N. Adams,* Department of
Chemistry. University of Kansas. Lawrence, Kan. 66045

Anal Chem (51 (1979)

Determination of Urinary A ia by O try

2247

Urinary ammonia trapped in acid is measured usmumelri~
cally with precision of 1.2 SE and accuracy of 1.5%
Man 8. Oh,* Kenneth R. Phelps, Ruth L. Licberman, nnd
Hugh J. Carroll, Department of Medicine, State University of
New York, Downstate Medical Center, Brooklyn, N.Y. 11203

Anal Chem 51 (1979)

Ligand Exchange Chromatography of Alkyl Phenyl
Sulfides 2248

The contribution of polar, molecular weight, and steric ef-
fects Ey to Ry values on chromatographic behavior is ex-
amined using Hg**, Ag*, Cd**, and Pb** impregnated sili-
ca gel plates.

Vaclav Horak,* Mercedes De Valle Guzman, und George
Weeks, Department of Chemistry, Georgetown University, Wash-
ington, D.C. 20057 Anal Chem., 51 (1979)

Observation of Electrochemical COncenlralIon Profiles
by Absorption Spectroelectroch try 2253

Optical path lenglh of 0.5 cm or greater increases spectro-
electrochemical sensitivity. Spatial resolution of the diffu-
sion layer gives information about mass transfer and addi-
tional insight into reactions accompanying charge transfer.
Richard Pruiksma and Richard L. McCreery,® Department of
Chemistry, Ohio State University, Columbus, Ohio 43210

Anal. Chem. 51 (1979)

Rotating-Ring-Disc Analysis of Iron Tetra(N-
methylpyridyl)porphyrin in Electrocatalysis of Oxygen
2257

‘The rate of reaction of ferrous porphyrin with 0. is about 4
X 107 M~15=1, ‘The main product of the catalytic reduction
is hydrogen peroxide.

Armand Bettelheim and Theodore Kuwana,® Department of
Chemistry, The Ohio State University, 140 West 18th Avenue, Co-
lumbus, Ohio 43210 Anal. Chem., 51 (1979)
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Briefs

Radiation-Induced Surface Redox and Shake-Up
Structure in X-Ray Pholoelectron Spectra of
Copper(ll) Chelates 2260

X-ray photoelectron spectroscopy of copper(ll) complex,
1,8-bis(2"-pyridyl)-3,6-dithiaoctane, in the S 2p and Cu
2pas» regions confirms X-ray-induced surface redox reac-
tion of the chelate. Shake-up satellite peaks are discussed
in terms of known optical absorption data.
Michael Thompson,* Bruce R. Lennox, and Deborah J.
Zemon, Department of Chemistry, University of Toronto, 80 St.
George Street, Toronto, Ontario. Canada, M5S 1A1

Anal. Chem.. 51 (1979)

Analysis of Metal Alloys by Inductively Coupled Argon
Plasma Optical Emission Spectrometry 2264

Samples are acid-diluted and analyzed by a direct-reading
inductively coupled argon plasma (ICAP) spectrometer for
elemental concentrations. The spectrometer is pro-
grammed with a concentration ratio method

Arthur F. Ward* and Louis F. Marciello, Jarrell-Ash Division.
Fisher Scientific Company, 590 Lincoln Street, Waltham. Mass.
02154 Anal. Chem., 51 (1979)

Synthesis and Identification of the 22
Tetrachlorodibenzo-p-dioxin Isomers by High

Perfor Liquid Ch tography and Gas Chro-
matography 2273
Applications to determination of tetrachlorodibenzo-p-
dioxins in a variety of samples are discussed.

T. d. Nestrick,® L. L. Lamparski, and R. H. Stehl, Analytical

Laboratory, Dow Chemical U.S.A., Midland, Mich. 48640
Anal. Chem., 51 (1979)

Correspondence

Diffusion Control in Linear Sweep Voltammetry 2282

Brian R. Eggins,* School of Physical Science, Ulster Polytechnic,
Shore Road, Newtownabbey, Co. Antrim, BT37 0QB, N. Ireland.
and Norman H. Smith, School of Mathematics, Ulster Polytech-
nic, Shore Road, Newtownabbey, Co. Antrim, BT37 0QB, N. Ire-
land Anal. Chem., 51 (1979)

Direct Sample Insertion Device for Inductively
Coupled Plasma Emission Spectrometry 2284
Eric D. Salin and Gary Horlick,* Department of Chemistry,

University of Alberta, Edmonton, Alberta, Canada T6G 2G2
Anal. Chem., 51 (1979)

Effects of Switching Potential and Finite Drop Size on
Cyclic Voltammograms at Sphericat Electrodes 2287

dJ. Everett Spell and Robert H. Philp, Jr.,* l)epanmenl of
Chemistry, University of South Carolinia, Columbia, S.C. 2921
Anal. Chem., 51 (1979)

SUBSTANTIAL
IMPROVEMENTS TO A GAS
CHROMATOGRAPHY SYSTEM

Pure Gases. Use the right gas! Don't use a welding grade of
gas for a gas chromatograph. It can contain substantial
amounts of water and oxygen. Matheson recommends a spe-
cial purity for thermal conductivity detectors, a *“zero gas”
for FID, a special carrier S-Gas for flame photometric detec-
tors, and a special higher purity for clecton capture detectors.
These are available from all Matheson plants. Circle No. 136
Use a Regul Which Minimizes Diffusion. We recommend
a two stage regulator with a metal diaphragm, our Model

3104, where the control of gas is excellent. It minimizes in-
board leakage of air or water from the atmosphere and does
not outgas impurities into the carrier or fuel gas system.
Circle No. 137

Purifiers and Filters. Matheson supplies specially purified
gases for GC, but we also recommend the addition of a
filter or purifier to the system. Purifiers and filters remove

i

i
;

W
‘\\\‘v\\§

-

.

trace water, oil, oxygen, and particulates. In using such de-
vices in our own laboratories, we find we can enhance the
performance of our GC's Circle No. 138

Calibration Standards. Sometimes called reference standards
and span gases, these are the best means of calibrating a GC.

Matheson has prepared valuable tables and related informa-
tion on Calibration Standards: *‘Gas Mixtures; Facts and
Fables,” and a wall chart entitled *How To Succeed At Gas
Chromatography.”  These are available for the asking.
Circle No. 139

For further information, contact Matheson, 1275 Valley
Brook Avenue, P.O. Box E, Lyndhurst, N.J. 07071.
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No. 450 Gas Stream Purifier

The model 450 purifier with model
454 replaceable cartridge 1s specially
designed for controlling the acetone
vapor in acetylene. The cartridge
contains activated charcoal. It be-
longs 1in an AA system_ Circle 144

Automatic Regulators
1PA-510 and 1L 326

If you are using AA, choose the cor-
rect regulators. In the lab: Y.
use regulators designed for the
specific gas. Information on these
regulators can be obtained. Circle 147

Cylinder Scale, Model 8510

To judge accurately when a lique-
fied gas is nearing empty, Matheson
has designed and sells a cylinder
scale. We recommend this for nitrous
oxide because it will let you know ...
and it’s the only way ... when the cyl-
inder is empty. Invaluable! Circle 145

Series 6103 Flash Arrestor

A flash arrestor is installed as a part
of the AA system downstream, af-
ter the regulator and cylinder. Some
instruments have a builtsin flash
arrestor. If yours does not, two
should be installed. Acetylene is
highly flammable. Should flashback
occur, with the accompanying shock
wave, this device will instantly seal
off the path to both regulator and
cylinder ... preventing an explosion
of much greater magnitude in either
regulator or cylinder, both of which
contain more gas. Flash arrestors are
recommended for both fuel gas and
oxidizer gas lines. For more informa-
tion, circle 148

Nitrous Oxide Heater

Becouse nitrous oxide,
used as an oxidizer gas in AA s hg
uetied gas, or a gas over hquid in a
cylinder, 1t often cools or ices on
expansion, causing  problems in
automatic control. The
offer s installed between cylinder
and regulator and  eliminates icing
and allows for higher tlows. Thermo
statically controlled, the N,O s not
overheated and the operator can con
centrate on his instrument. Works
simply with 115 VAC. Circle 146

frequently

heater  we

Acetylene 99.6% and
Nitrous Oxide 99.0%

These are pure gases containing less
impurities than commercial grades.
We recommend them and specially
punify them for AA instrument use.
The purer the gas, the less interfer-
ence in final results. Circle 149

NS0

improved
Operation

Of An Atomic
Absorption
apectro-

photometer

Chemical analysis by atomic absorption spec-
troscopy is achieved by converting the sample
into an atomic vapor and measuring its absor-
bance at a selected wavelength. The measured
absorbance is proportional to concentration.
The analysis is made by comparing this absor-
bance with a reference sample of known com-
position under similar conditions.

Atomic absorption lines are so narrow that
the use of a conventional monochromator is
impractical to measure them. Commercial in-
struments overcome this by the use of hollow
cathode lamps which emit atomic spectral
lines of the element to be determined.

Elements are measured after they have been put
into solution either aqueous or organic. The so-
lution is then sprayed into a flame, generally,
air-acetylene. Some compounds, like the rare
earths, require a highly reducing flame. This is
done most safely by burning the acetylene in
nitrous oxide which gives more available oxy-
gen than air.

For years Matheson has been servicing scientists
using AA spectroscopy, not only with gases
but with other equipment which makes opera-
tion easier, and more important, safer. These
items are at left. If you're not familiar with
them we will be delighted to rush literature to

atheson

Lyndhurst. NJ. 07071

you.
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Liquid CO, Extraction
Made Easy

by

J&W Scientific, Inc.

Our “High Pressure
Soxhlet Extractor”
(Pat. Pending)
Makes It Easy

to Take Advantage
of the Excelient
Solvent Properties
of Liquid CO:

Applications in a
Wide Variety

of Analyses.
Environmental
Research, Food &
Flavor Analysis,
Essence Extraction,
Pheremone
Analysis.

TV g

e

AN AN O 11 AR e

Provides a Low
Temperature, Inert
Atmosphere Which
Minimizes Artifact
Formation.

Readily Desorbs
Volatiles from Porous
Polymer Traps or
Activated Charcoal
Substrates.

Yields Essentially
Complete Recovery of
Compounds in a
Solvent-Free System.

Allows Recovery of
Low Boiling
Compounds.

Developed & Manufactured
by

J&W SCIENTIFIC, INC.

BAECAIAG N o MICAUTION CAS CROMATOGAARY

For More Information Write to: J&W Scientific, Inc.
P.0. Box 216, Orangevale. CA 95662
(916) 351-0387

DEALER INQUIRIES INVITED

(916} 351-0800

NAME

LOOK! 1m's BOTH NEW AND FREE

A GLASS CAPILLARY USERS NEWS
BULLETIN FROM J&W SCIENTIFIC
A periodic users newsletter dedicated to the advance-
ment of glass capillary techni licati

Please put me on your mailing list:

and app " :

ADDRESS

PHONE

CIRCLE 88 ON READER SERVICE CARD

Briefs

Enh t of Luminol Chemil with
Halide lons 2288

Danicl E. Bause and Howard H. Patterson,® Department of
Chemistry, University of Maine, Orono, Me. 04469
Anal Chem (51 (1979)

Caluti

Brominating for the Pr tration of
Mercury from Natural Waters 2289

L. Andrew Nelson, Directorate of Scientific Services, Thames
Water Authority, 177 Roseberry Avenue, London, ECIR 4TP,
UK. Anal. Chem 51 (19749)

Aids for Analytical Chemists

Phase Sovlublllly Analysis as the Basis of a Separation
Method 2290

George B. Smith® and George V. Downing, Merck Sharp &
Dohme Research Laboratories, P.O. Box 2000, Ruhway, N.J. 07065
Anal Chem 51 (1979)

Critical Parameters in the Barium Perchlorate Thorin
Titration of Sulfate 2293

J.C. Haartz,® Peter M. Eller, and Richard W. Hornung, Na
tional Institute for Occupational Safety and Health, 4676 Colum-
bia Parkway, Cincinnati, Ohio 45226 Anal Chem 51 (1979)

High-Speed Algorithm for Simplex Optimization Cal-
culations 2295

Gregory F. Brissey, Robert B. Spencer, and Charles L. Wilk-

ins,* Department of Chemistry, University of Nebraska - Lincoln,
Lincoln, Neb. 68588 Anal Chem 51 (1479)

Quantitative Analysis of Silicates by Instrumental
Epithermal Neutron Activation Using (n,p) Reactions

2297
Ernest S. Gladney® and Daniel R. Perrin, University of Califor-

nia, Los Alamos Scientific Laboratory, P.O. Box 1663, Los Alamos,
N.M. 87545 Anal Chem 51 (1979)

High-Speed Device for Synchronization of Natural-
Drop Experiments with a Dropping Mercury Electrode
2300
Paul D. Tyma,* Michael J. Weaver,* and C. G. Enke, Depart-
ment of Chemistry, Michigan State University, East Lansing,
Mich. 485824 Anal. Chem , 51 (1979)

Apparatus for the Dynamic Coating of Capiliary Columns
2302
E. O. Murgia and J. A. Lubkowitz,* Instituto Technologico

Venezolano del Petréleo, Apartado 76343, Caracas 107, Venczuela
Anal. Chem, 51 (1979)

Surge Control Unit for Mercury Manometers 2304
Jesse S. Ard, Eastern Regional Research Center, Agricultural Re-

search, Science and Education Administration, 600 E. Mermaid
Lane, Philadelphia, Pa. 19118 Anal. Chem., 51 (1979)
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Gas Chromatography News

DOuble Y elllg

Analysis time reduced 50 %

SERIES 3000-3 HI-EFF gas
chromatography columns are only 3 ft.
long, yet they fully resolve mixtures
normally requiring a 6 ft. column for
separation. Best of all, SERIES 3000-3
HI-EFF columns cut the time required for
analysis by one-half.

Twice the efficiency

SERIES 3000-3 HI-EFF (3 ft.) columns
provide 3000-4000 theoretical plates
with a HETP of 0.23-0.30 mm. A
minimum of 1000 plates/foot is obtained
over a carrier gas flow range of 6 to 20
ml/min, producing twice the efficiency of
ordinary packed columns.

No modifications required

SERIES 3000-3 HI-EFF (3 ft.) columns
can be used in conventional gas
chromatographs without any
modifications — no make-up gas,
special pressure regulators, etc., are
required. A carrier gas flow of 30 mi/min
Is readily obtained with a 60 psig
pressure regulator or with standard flow
controllers.

Immediate availability
2 m,
: ok s SERIES 3000-3 HI-EFF (3 ft.) columns
2) cholestane are made of 3ft. x2mm ID x %'* OD
a kg glass and are presently available with
5) campesterol the following four packings:

6) Fsitosterol
e OV-101 on GAS CHROM Q
1.5% OV-17 on GAS CHROM Q
3% OV-210 on GAS CHROM Q
15% SILAR-10Con GASCHROM R

3 4

Column configurations designed to fit a
number of standard commercial gas
chromatographs are available from

| s
I L stock.
\ Configurations to fit other commercial
gas chromatographs are available on a

——

|

o = = s - custom-made basis with 2-week
TIME (Minutes) delivery.
Separation of a mixture of free steroids on a
3 ft.OV-17 SERIES 3000-3 HI-EFF columa, Please write for more information to:

Applied Science Division

(formerly Applied Science Laboratories, Inc.)
Milton Roy Company Laboratory Group

P.0O. Box 440, State College, Pennsylvania 16801 Phone 814.238-2406
CIRCLE 2 ON READER SERVICE CARD




Peak separation youve
never seen before.

THIS

New from this X-ray
uorescence analyzer.

| b

A new and unique pulse )
processor gives our SPECTRACE™
analyzer guaranteed resolution of
150 eV — the best ever achieved
in an energy-dispersive X-ray
fluorescence analyzer This resolu-
tion, coupled with peak shifts no
greater than 3 eV at maximum count
rate, lets you detect light elements
more reliably and quantify them
more accurately

The spectrum at left above show:
an actual peak separation using the
new pulse processor. That at right,
with overlapping peaks. was made
using a conventional processor in
the same analyzer

SPECTRACE 440 can make auto-
matic unattended analyses of up to

40 samples - solids. hquids, powders
or deposits on filter paper Makes
qualitative ana qu e ar
of all elements from Nato Pu H
dles samples from 1 mm n gdiame
1o a foot high. Has
repeatability and long-term stability
Our applications laboratory and
engineenng group will wor
you to heip so
problem Th

PECTRACE is de
Over 50 SPECTRACE ar
are now in use. And we ll give
the name of every single user
because we know every one will
give you a favorable report. One
thing they Il report Is the service
they get: personal instruction. an

applhications school. software
school —and follow-up visits just
to make sure you're getting the
most out of your SPECTRACE
Send for our highly informative
brochure now. Contact United
Scientific Corporation. Analytical
Instrument Division. Dept. C
1400 Stierlin Road. PO. Box 1389
Mt. View, California 94042
Phone (415) 969-9400

you

UNITED
SCIENTIFIC

ANALYTICAL INSTRUMENTS DIVISION
CIRCLE 214 ON READER SERVICE CARD
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Letters

Typographical Error

Sir: A reader has called my attention
toan unfortunate typographical error
inmy April 1979 ANALYTICAL AP
PROACH article on the JF
tion (pages 484 A-493 A). The error
oceurs in the second column of page
492 A, in lines 8-10. In my typed man-
uscript, the wording is correct, but a
portion of the parenthetical expres-
sion was lost in the typesetting, lead-
ill;.' Lo an erroneous statement.
Whereas the published article states
L AQAL5 being fragments recovered
from two different areas in the Dallas
limousine). .. " it should read:
L AQALS being fragments recovered
from President Kennedy's brain, and
Q2 and Q14 being fragments recovered
from two different areas in the Dallas
limousine). ...

Assassina-

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

Any Volunteers for Niobium
Analysis?

Sir: The Canadian Certified Refer-
ence Materials Project (CCRMP) is
currently certitying a pyrochlore ore
from Oka, Quebec, encoded OKA-1,
at ~0.5% Nb. The usual practice of the
CCRMP is to request a minimum of
20 laboratories to participate on a vol-
untary basis in a round-robin certifi-
cation program for the chosen ele-
ment(s) in the candidate material.
T'he lack of laboratories experienced
in niobium analysis, however, requires
a significant departure from this prac-
tice, und it is planned to certify
OKA-1 for niobium with the partici-
pation of considerably fewer but expe-
rienced luboratories,

Anyone interested in participating
in this round-robin certification
should contact the writer for further
information.

Henry F. Steger
Coordinator, CCRMP
555 Booth St.

Ottawa, Ont. K1A 0G1
Canada



The Varian Cary 210/219 UV-Vis
Spectrophotometers let you go
from basic to ultrasophisticated...

...without ever leaving the medium price range!

Both Models 210 and 219 have been bred for the modestly
funded laboratory that's unwilling to compromise
on high performance and simplicity in operation.

Buthere’s the best part: for only a little more than the single-
purpose “budget” UV-Vis spectrophotometers, you get the
210/219's building-block-lke expandability. You can start out
with just enough UV-Vis spectrophotometer to handle imme-
diate needs. then later “build on” inexpensively to venture into
additional techniques as your analytical requirements grow.

For example, you can add a Routine Sampling System,
and the touch of a button cools or heats 500 microliters of
sample to achieve one of five temperatures within C.1°C in
less than fifteen seconds. Or, as a significant operating
convenience, you can add the Wavelength Programmer,
which automatically provides repetitive scanning at any of a
number of chosen wavelengths. The Temperature Readout
expands the 210/219 into thermodynamic or kinetic studies.

va

when photometnc measurements are temperature-
dependent. Add the Gel Scanner Accessory for automatic
scanning of gel matrices trom electrophoretic separations or
sheet film. For quantitating kinetic data or for qualitative
analysis of spectral detall. let the Denvative/Log A Accessory
give you first- and second-denvative spectra. You can add
the microprocessor-based Smart Pnnter for a reliable
source of neatly organized hard-copy data— compiete with
sample or cell number, absorbance versus wavelength,
or absorbance versus ime

The list goes on. You can make either Vanan Cary
Model 210 or 219 as sophisticated as you wish, as versatile
as you wish—whenever you are ready. And the 210/219
will still be in the medium pnce range

Get all the tacts by circling Reader Service No. 218
Better yet. circle 219 to have a Vanan Cary representative
tell you Iin person

Forimmediale assistance contact 611 Hansen Way, Paio Aito, CA 94303 » Fiorham Park, NJ (201) 8223700 « l\n Rigge. IL 312 8257772
CH83002

Houston, TX(713) 783-1800 * Los Altos, CA (415) 968-8141. In Europe. S
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can’t beat the Varian 3700 series

The Varian 3700 series is a family of
powerful gas chromatographs that puts
the emphasis on performance. On
chromatography. On giving you the
greatest capability to handle your specific
application plus unmatched flexibility

to meet changing needs.

You can choose the right

gas chromatograph.

The 3700 is modular so you can easily
choose a chromatograph that is exactly
right for your laboratory. All components
—injectors, detectors, temperature
programmers, flow controllers and
automation systems—are upgradeable
and interchangeable. You can begin with
a basic dual column unit and add capa-
bility as you need it. Or, you can start
right now with the world’s most powerful,
versatile and fully automatic GC

system. And the 3700 continues to grow
S0 you can always have the newest

and best gas chromatograph.

You have better control

of the analysis.

The 3700 controls, with ESP monitor and
self-diagnostic display, give you more
clear information about operating param-
eters and better control of injectors,
column oven, detectors and flows. You
don't have to interrogate the system

and wait for a printout. You always

know what is going on so you can take
timely action.

Large dual-column oven makes

it easier to do more.

It gives you more room to install columns
side by side. Greater freedom to use
any columns your application demands:
packed or capillary, single or multiple,
with column switching and valving

inside the oven.

You can use the best detector

for your application.

TCD, FID, ECD, FPD, TSD and multi-
detector models are offered. Each of
these new detectors is designed to
provide excellent performance for its
range of applications. See Figures 1, 2,
and 3. Universal ionization detector
bases let you interchange FID, ECD,
FPD, and TSD detectors yourself

in minutes.

Figure 1 Benzene in Working Environment
rn‘ 3700 1s widely used in indusinal hygiene

1 11on and quantitation of soivents
inithe W wking environment

Figure 2 Haloforms

in Drinking Water
Analysis of drninking
water injected directly
0nto a porous polymer
column. Trihaloforms
al ppb levels can be
detected with this
techmique

Figure 3 Volatile Nirosa-
mines.The 3700 equipped
with a TSD. which is very
selective for nitrogen

1s excellent for screening
food and cosmetics prod-
ucts for nitrosamines

You can

hi

h the best injecti

for your P
The versatile 3700 injector system
permits you to choose: (1) heated or
unheated true on-column injection right
into the column packing, (2) heated,
flash-vaporization with replaceable glass
inserts, (3) two all glass capillary injectors
with a choice of modes, or (4) valve
injection using gas and liquid sampling
valves.

You can use all the speed and

power of capillary GC.

There are two high resolution, easy-
to-use capillary systems to choose from.
The new low cost system makes the
power of capillary available to everyone.
In both systems columns can be installed
in minutes without tedious end
straightening. A new capillary effluent
splitter lets you detect your capillary
separation with any two different
ionization detectors. See Figure 4.

\\u\luuﬂ nIyangiv ..\n.l.uxlu

Figure 4 Coal Hydrogenation Product. in the analysis
of very complex samples such as this coal hydroge-
nation product the 3700's capeliary system gives
hegh resoluton of sampia components. The capillary
effiuent spiitter permits detection of the sulfur
compounds with the FPD and the organics with FID.

Proven, powerful automation..

For total automation Model 3700 Gas
Chromatograph combines with the
proven Model 8000 AutoSampler™ and
the powerful CDS-111 Chromatography
Data System. These components can be
purchased and used separately, or they
can be combined in many different
configurations to meet individual require-
ments. Result, you can choose the
automation you want and you don't have
to buy anythmg that you don't need.

Let us give you detailed information
about an unbeatable 3700 system that
will do great gas chromatography for you.
Circle Reader Service Numbers:

244 3700 Series Gas Chromatographs,
245 CDS-111 Chromatography Data
System, 246 Model 8000 AutoSampler,
247 Model 3711 Automatic Gas Chromato-
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Varian Model 5000 liquid chromato-
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liquid chromatograph.
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plays all instrument conditions so you
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analysis.
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Flow rates and gradient profiles are
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refractive index, and variable wave-
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to fully automatic sampling. For total
automation you can add the CDS-111L
Chromatography Data System.
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Simultaneous

or Sequential Determination
of the Elements at
All Concentration Levels—-

the Renaissance of an Old Approach

Velmer A. Fassel

Ames Laboratory—U.S. Department
of Energy and

Department of Chemistry

lowa State University

Ames, lowa 50011

An award acceptance address pro-
vides the award recipient with a time-
ly opportunity to contemplate, to pre-
dict, and to offer personal commen-
tary on the nature and direction of the
science in which he has been involved.
In the remarks that follow I shall avail

myself of this opportunity. I shall
mostly proceed in a serious manner
but will occasionally punctuate my re-
marks with lighthearted commentary
and historical reminiscences that are
responsive to several provocative
questions posed later in this address.
On the occasion of this award sym-
posium, I can boast enthusiastically
about the fields of analytical chemis-
try and spectroscopy. As noted in re-
cent editorial commentary in this
JOURNAL (1, 2), the strength and stat-
ure of these disiplines, both in acade-
mia and in industry, have climbed
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steadily during the past decade. Those
of us who are now active analytical
chemists or spectroscopists should
therefore take pride in the contribu-
tions of chemical analysts in years
past, but with the full recognition that
leaders in these fields have often ex-
pressed concern, cr chided their col-
leagues, or were critical of developing
trends. In this context, it is appropri-
ate to take a backward journey to 1933
when G. E. F. Lundell published a
perceptive article that should be re-
quired reading for anyone striving to
be identified as an analytical chemist.

Velmer Fassel (right) receives the
ACS Award in Analytical Chemistry
(Fisher Award) from Gardner Stacy,
President of the Sociely, at the ACS/
CSJ Chemical Congress which was
held in Honolulu, Hawaii, April 1-6,
1979.

This REPORT is based on Dr. Fassel's
Award Address

0003-2700/79/A351-1290$01.00/0
€, 1979 American Chemical Society



This paper entitled *“'The Chemical
Analysis of Things as They Are" (3),
contained a number of classic sen-
tences, including the following: *The
determinator’s salvation lies in the de-
velopment of selective methods of
analysis, and his final resting place
will be a heaven in which he has a
shelf containing 92 reagents, one for
each element, where No. 13 is the in-
fallible specific for Al, No. 26 the sure
shot for Fe, No. 39 the unfailing relief
for Y,and soon to U.”

The heavenly hopes expressed by
Lundell have never been realized.
Even today, the most optimistic ana-
Ivtical chemist sees little hope of ever
reaching the utopian state of specific
reagents for each element, especially
for those elements that have nearly
identical (the lanthanides) or very
similar chemical properties, e.g., Hf
and Zr. The thrust of Lundell’s state-
ment was to chide some of his analyti-
cal chemistry contemporaries for not
giving adequate consideration to an
important requirement of an accept-
able analytical method, namely, suffi-
cient selectivity so that it would be
useful for the “chemical analysis of
things as they are.” During Lundell’s
professional career—and occasionally
even today—new analytical methodol-
ogies are proposed when it is quite ob-
vious that they suffer from interfer-
ences to such a degree that they are
not useful for the analysis of “things
as they are.” Lundell aptly com-
mented:

There is no dearth of methods

that are entirely satisfactory for

the determination of elements

when they occur alone. The rub
comes in because elements never
occur alone, for nature and man

[rown on celibacy. Methods of

determination must therefore be

Judged by their ‘selectivity.” It is

in this respect that most meth-

ods are weak and improvements

must come .. ..

During the 46 years that have elapsed
since Lundell’s paper was published,
these improvements have indeed ma-
terialized, and they have followed
many different pathways. The re-
mainder of my address will be devoted
to a historical walk along one of these
pathways.

Inductively Coupled Plasma—
Atomic Emission Spectroscopy

The Early Years. For the past 17
vears my associates and 1 have devot-
ed a fraction of our efforts to the de-
velopment of the basic science, the in-
vestigative methods and the hardware
for an analytical approach that would
eventually provide the capability of
determining the chemical elements se-
lectively, at all concentration levels,
i.e., major, minor, and trace constitu-
ents, simultaneously if so desired, or
in a rapid sequential manner, with a
single analytical technique, and with
accuracy and precision. A new analyti-
cal approach, usually identified as
ductively coupled plasma—atomic
emission spectroscopy (ICP-AES) has
emerged from these studies. 1 use the
term “new analytical approach™ advi-
sedly, because the AES portion of this
technique is certainly not new; quanti-
tative determinations have been made
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via AES for at least 40 years. The use
of ICP’s as vaporization-atomization-
excitation cells is not new either. The
first analytical studies of ICP’s were
launched independently 17 years ago,
by Stanley Greenfield and associates
at Albright and Wilson, Ltd., Oldbury,
England, and by our research group

at the Ames Laboratory, lowa State
University. The exciting possibilities
offered by ICP’s as vaporization-at-
omization-excitation-ionization
(VAEI) cells for analytical atomic
spectroscopy were first communicated
~15 years ago (4, 5), and a decade has
passed since a landmark paper, as de-
scribed by Barnes (6), was published
(7). The analytical community, how-
ever, including academia, almost com-
pletely ignored these and subsequent
papers until approximately five years
ago. The surprising lack of interest in
the ICP-AES approach to elemental
determinations is reminiscent of Sir
Allen Walsh's experience (8) following
the publication of the pioneering pa-
pers in flame atomic absorption spec-
troscopy (AAS). His experience and
ours are, | believe, excellent examples
of how tacit acceptance of methodolo-
gies as they are, and perhaps a liberal
sprinkling of mental paralysis, can in-
fluence the timely acceptance of new
ideas. Because ICP-AES was original-
ly conceived as an alternative ap-
proach for the determination of minor
and trace constituents, it had to vie
for attention at a time when AAS was
experiencing its phenomenal growth
and wide acceptance. The fact that
AAS provided a relatively simple,
highly specific way for elemental de-
termination at the minor or trace con-
centration level contributed so much
to its popularity that the use of alter-
native techniques for performing the
same tasks suffered precipitous de-
clines. The technique that experi-
enced the greatest decline in usage
was atomic emission spectroscopy,
which during the period from the mid-
1930's to the early 1960’s was often,

if not usually, the method of choice for
multielement determinations at the
minor or trace concentration level. Al-
though spark-arc excitation AES re-
tained its important role for composi-
tional control in the metals industries,
there is no doubt that its use as a gen-
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eral analytical tool experienced a
sharp decline from the mid-1960's to
the early 1970’s, whereas AAS was as-
cending its steep popularity curve.
The interest of analytical chemists or
spectroscopists in AES was further
undermined when some AAS enthus-
insts directed intellectual darts at the
principle of observing free atoms in
emission rather than in absorption,
These darts consisted of undocument-
ed, and usually theoretically unsound,
claims regarding the alleged superiori-
ty of observing ree atoms in absorp-
tion rather than in emission. Thus, the
claim that AAS should exhibit far su-
perior powers of detection because the
bulk of the free atoms in atomization
cells were in the ground state in con-
trast to the far smaller number densi-
ty in excited states, did not rest on
sound theoretjcal bases. Neither did
the claim that because the fraction of
atoms in excited states was very small,
the observation of free atoms in emis-
sion was subject to serious “excitation
interferences” arising from collisional
deactivation, preferential excitation,
or energy transfer processes in gener-
al. Other assertions suggested that, in
spite of recorded successes in the past,
spectral line interferences were so in-
separable, and temperature changes
in the excitation cells so uncontrolla-
ble, that the ohservation of free atoms
in emission for analytical purposes
was surely destined for failure. These
assertions were often read in amused
astonishment by myself and others.
Unfortunately, they were repeated
often enough in the literature and ad-
vertising circulars to lead to their ac-
ceptance as fact by many analysts.
T'he period from 1965 to 1970 saw the
publication of a sufficient number of
these unwise claims tao fill part of an
issue of the fictional journal Acta Re-
tracta. Regrettably—but also fortu-
nately—that journal has never become
a reality. | use the term “fortunately™
because emanations from my pen in
other contexts would have been ac-
ceptable candidates for publication

in the journal!

‘T'he publication of the scientific
misdemeanors referred to above sub-
sided rather abruptly atter C. Th..J).
Alkemade’s perceptive paper entitled
“Science vs. Fiction in Atomic Ah-
sorption Spectroscopy™ appeared in
1968 (9). By that time the reputation
of AES as a useful general analytical
tool was sufficiently tarnished that its
attractiveness as a research tield in
academia and as a commercial venture
by instrument makers continued to
decline. But decline in usage does not
imply total stagnation in scientific de-
velopment. Although basic research
in analytical AES was confined to a
limited number of academic, govern-
ment, and industrial laboratories, sig-

Repre

Figure 1. Photograph of title and author by-lines of several pioneer papers on in-

ductively-coupled plasmas

nilicant advances emerged. In 1974
the revival of AES as a general analyt-
ical tool was presaged in a number of
ways, for example, by provocative ti-
tles in several scientific communica-
tions. Thus, Boumans (10) used the
title “*Multielement Analysis by Opti-
cal Emission Spectroscopy —Rise and
Fall of an Empire?” and I used the
title “Optical Emission Spectroscopy:
Stagnant or Pregnant?” (11). (I am
indebted to Sir Allen Walsh who first
used the descriptive “Stagnant or
Pregnant™ phraseology in his paper
entitled “Atomic Absorption Spec-
troscopy—Stagnant or Pregnant?”
(8).) The questions posed in these ti-
tles focused on the future role that
AES would play in the elemental com-
positional analysis of materials. Both
Boumans and I projected that AES
would soon regain its appeal and again
become a mainstay analytical tech-
nique. And now, five years later, AES
is attracting the anticipated attention.
What has brought this change?
T'hree factors have been primarily re-
sponsible. First, analysts are increas-
ingly faced with the necessity of deter-
mining many elements, in more and
more samples, at all concentration lev-
els, and sometimes on a real-time
basis. The one-element-at-a-time limi-
tation of classical chemical or AAS
procedures, their limited powers of de-
tection for some elements, their limit-
ed dynamic range, and their suscepti-
bhility to interelement interferences,
are causing these techniques to lose

some of their attractiveness for many
analytical tasks. [ chose to use the
words “some of their attractiveness”
because AAS in particular is still, and
probably always will be, a very attrac-
tive way for performing elemental de-
terminations.

The second factor is the increasing
recognition among analysts that AES
possesses some natural advantages for
the simultaneous or rapid sequential
determination of the elements. This
adaptability rests on the comparative-
Iy simply way the characteristic line
emission can be excited and observed.

‘The third factor, perhaps the most
important, can be attributed to the
emergence of a new “excitation”
source, i.e., the component that is ex-
pected to vaporize the sample, disso-
ciate the vapor, and excite and/or ion-
ize the free atoms that are formed. For
many vears, perceptive analytical
spectroscopists recognized that classi-
cal flames, arc, and spark discharges
were not performing these tasks as
well as they should, especially for the
determination of elemental constitu-
ents in liquid samples. Many of the
negative attitudes that analysts had
venerated vis-a-vis AES could in fact
be traced to these deficiencies in clas-
sical atomization-excitation cells. The
new excitation source referred to
above is an electrodeless, argon-sup-
ported plasma, operated at atmo-
spheric pressure and sustained by in-
ductive coupling to high frequency
electromagnetic fields. This plasma
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possesses some unique physical prop-
erties that make it a remarkable VAE]
cell for elemental analysis,

Before detailing the properties of
these plasmas, it is appropriate to rec-
ognize the contributions of some of
the pioneering investigators of 1CP's.
A recital of the historical development
of ICP’s requires a journey backwards
in the corridors of time to 1942 when
(. Babat published his first papers on
the properties of ICP's (12). Babat
continued his investigations at the
“Svetlana™ plant in Leningrad even
while that eity was experiencing the
severe blockade during the early years
of World War 11. Babat's studies even-
tually ceased when the entire power
svstem of the city failed and some of
hix colleagues perished during the hos-
tilities (13). In spite of these adversi-
ties, Babat submitted an English man-
uscript to the J. Inst. Electr. Eng. in
1942 (1-1). As shown by the photo-
graph of the title and byline of the
published paper in Figure 1, four years
clapsed before the revision was re-
ceived. The importance of Babat's
paper was that he apparently was the
tirst individual to sustain electrodeless
1CP’s at atmospheric pressure. Ap-
proximately 20 years later, T. B. Reed
described (see photo of bylines in Fig-
ure 1) some exceptionally effective
ways of forming and stabilizing Ar
supported inductively coupled plas-
mas (15, 16). Normally neither the .J
Appl. Physics nor these papers would
attract the attention of an analytical
chemist. Because 1 majored in physics
in undergraduate college, 1 did then-
and still do—scan the physics jour-
nals. When I read Reed's papers, 1 rec-
ognized that these plasmas offered
several unusually attractive possibili-
ties as VAEI cells for analytical atomic
spectroscopy. These attractive possi-
bilities were, first, their high tempera-
tures, which should make them effec-
tive VAEI cells; second, because the
plasmas are sustained by pure Ar, the
free atom lifetimes should be longer
than in other atomization cells used
for that purpose; and finally, because
the discharges are electrodeless, there
should be no contamination from elec-
trode materials. The same thought
processes must have gone through the
mind of Stanley Greenfield at Al-
bright and Wilson, Ltd., Oldbury, En-
gland. As best as we can ascertain, we
independently initiated analytical
studies on these plasmas in early 1962
within a few weeks of each other. It
was not until late 1964 and early 1965
that we became aware of each others’
activities.

Our initial goals were to establish
whether these plasmas could be sus-
tained under the low power conditions
that would be comfortable for analyti-
cal chemists, while sample material



Figure 2. Photograph of research notebook entries

in the form of liquid aerosols was in-
jected. Eventually both goals were
achieved, but not without painful inci-
dents. To place that statement in
proper perspective, Figure 2 shows a
photograph of two entries from the re-
search notebook of the first graduate
student assigned to this project. These
two entries convey the information
that our ICP investigations started on
March 26, 1962, and that on April 30,
1962, this student acknowledged that
he “succeeded in burning Dr. Fassel
with the RF coil so work was halted
until more adequate grounds were ob-
tained.” This incident provided us
with an excellent example of the vaga-
ries of high frequency fields, if not
properly contained or grounded. At
that time we were employing a rela-
tively high-powered generator (15
KW) to evaluate the performance of
various torch configurations. During
these experiments an optical bench
carriage was located on a laminated,
maple-wood table, near the induction
coil, but totally isolated electrically.
When I reached toward the carriage,

I was “zapped" by a miniature light-
ning bolt, resulting in considerable re-
flex action on my part and a small cra-

to mutter that perhaps I should con-
sider abandoning laboratory r h!

Analyze
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sample.
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q ly, when this grad stu-
dent decided to abandon analytical
chemistry (to become a physical

heimiat instead!). I assizned this

project to R. Wendt.

Our initial evaluations of the ana-
lytical performance of these plasmas
were not encouraging, especially in the
context of the powers of detection that
we ed. B our d
detection limits were not competitive
with the values published for AAS,
which was then entering its period of
phenomenal growth and acceptance,
we were not inspired to publish our re-
sults. The inspiration to do so came
just before the end of 1964 when we
became aware of the publication of S.
Greenfield's first paper in the Nov-
ember 1964 issue of the Analyst (4).
Greenfield et al did not report detec-
tion limits as such but simply concen-
tration levels at which they performed
useful analyses. When we observed
that our measured detection limits
were lower, by as much as an order of
magnitude or two, than those concen-
trations reported by Greenfield, et al,
we cast our results into a brief com-

ication which was submitted to

ter in my thumb. As I contemplated
my position on the floor, I was heard
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ary of 1965. In due time we received a
most unusual review of our paper; it
was written in verse! Excerpts from
this review follow:

A Review in Verse

Microwave sources are hardly
new

Mavrodineanu and Buiteux cite
quite a few

The important question: Is this
one new?

Yes there are differcnces
but they are relatively small

And [ wonder
if they justify publication at

!

all. ...

I hope that Editor Fassel* will

agree

This manuscript has only a little

novelty

But the sad and bitter fact is

We know very little in practice

Of what these discharges actual-

Iy do

Solid data are exceedingly few

And far between; a detailed

study could

Reveal a lot, and it would

Be a finer addition to the litera-

ture

Than this small note, I feel sure
(* 1 was co-editor of Spectrochimica
Acta at the time.)

In a lighthearted manner, the re-
viewer implied that we were describ-
ing a microwave powered plasma,
which we weren't, and that the plasma
was capacitively coupled to the coil,
which it wasn’t. We noted these facts
in our response to the Editor and fur-
ther commented on the large differ-
ence in the physical properties of the

ICP and the other plasmas mentioned
by the reviewer. As shown by Figure 3,
the paper was published in June 1965
(5). At the conclusion of our brief
communication, we stated as follows:
*“Our observations indicate this com-
bination of plasma and aerosol genera-
tor is a practical and versatile source
for analytical spectroscopy.” Three
years later this rather conservative
conclusion was questioned by two in-
vestigators, who concluded that “ex-
cept for a few refractory elements, the
plasma torch does not appear to be a

haps not lurpr'uing that this conclu-
sion was disputed by the coauthors of
a review published three years later,
who luded “that the ind

plasmas are no better than atomic ab-
sorption and flame emission spec-
trometry of most elements with a
C3H4/N;0 flame.” Surely another
entry for Acta Retracta!

Physical and Spectroscopic
Properties of ICP’s. Because the the-
oretical and practical aspects of the
formation, thermal isolation, and sta-
hlhzauun of lhese plasmu have been

suitable repl for ach 1
flame.” Another candidate for Acta
Retracta?

Progressive advancements at our
and Greenfield's laboratory in reduc-
ing the radio frequency interference
with the recording electronics; im-
proving impedance matching between
the high-frequency generator and the
plasma; improving forward power reg-
ulation; refining techniques for gener-
ating aerosols of solutions; and im-
proving the efficiency of injection of
aerosols into properly shaped plasmas
resulted in vast improvements in the
analytical performance of these plas-
mas. Many of these improvements
were discussed in the paper £7) whose
publication by-line is shown in Figure
3. At the end of this paper we again
closed with a rather conservative con-
clusion, as follows: “. . . the superior
powers of detection and promising
freedom from chemical interferences
exhibited by the plasma .. .. suggest
that they offer distinct advantages
over combustion flames for the emis-
sion spectrometric determination of
trace elements in solution.™ It is per-

d in recent reviews
(17) I shall not cover them in this pre-
sentation. Rather I will focus atten-
tion on those physical and spectro-
scopic properties that contribute to
the remarkable performance of these
plasmns as VAEI cells for analytwal
ission spect. py.
these properties in terms of the fate of
sample aerosols or gases upon their in-
jection into the plasma. The various
physical and chemical forms of the
aerosols and gases that have been suc-
cessfully injected and analyzed are
summarized in the diagram in Figure
4. The liquid aqueous, organic or
metal aerosols are generated by pneu-
matic, ultrasonic, or electrical nebuliz-
ers, the various forms of which have
been discussed in recent reviews (18-
20). As an aside, the diagram in Figure
4 communicates how simply and di-
rectly virtually all sample types can be
analyzed by ICP-AES.

The highly schematic representa-
tion of the ICP sketched in Figure 5
shows the now familiar annular,
*doughnut hole” shape at the base of
the plasma. This shape is readily de-
veloped through the proper choices of
frequency of the current provided by
the generator and of the aerosol-car-

i v T e rier ﬂgw rate that injects the sample
rem a2 et EXC“ ation mnler_xal into the Plasma ( 7,21 )..'l'he
g T o drome\ﬂc effective puncturing of this toroidal
led plasmo Sp — base of the plasma by the aerosol car-
ducﬂon-COUP wemea By rier flow assures injection and trans-
i areh o4 port of the snmple material into Lhe
Source ‘T‘-‘;:n;:,‘_‘,..‘[ 9 - heart of the p It is the effi Y
‘;:‘.\-‘_ reree FR L of this ssmple introduction p
Py k,‘.w‘ that distinguishes the ICP from other
ke 1 that have been used as VAEI
e cells Upon injection into the plasma
the aerosols or gases are heated indi-

it '.‘,..-.\ by

vy ‘_ e

rectly by radiation, convection and
conduction as they pass through the
edd_\' current “tunnel.” Because there
is very little interaction of the sample
with the eddy currem. flow that sus-
tains the p ges in
ition have an y small
or negllgxble effect on the properues of
the p (18, 22, 23), a situation
that , does not prevail in most other

]

Flguu 3. Photograph of title and aulhof by-lines ot seveval papers published by the

author and assoclates

VAEI cells.

'I'emperatures measured above the
coil and estimated by
down into the induction tegmn are
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Figure 4. Modes of sample injection into ICP’s

shown in Figure 5 (24, 25). By the
time the sample species reach the ob-
servation height of 15 to 20 millime-
ters above the coil, they have had a
residence time of ~2 milliseconds at
temperatures ranging from ~8000 to
~5500 K. The residence times and
temperatures experienced by the sam-
ple are approximately twice those
found in nitrous oxide—acetylene
flames, the hottest combustion flames
commonly used in AAS. The combina-
tion of high temperature and relative-
ly long interaction time leads to an un-
usually high, if not total, degree of at-
omization of the analyte species, espe-
cially for the small aerosol particles
resulting from the processes shown in
Figure 4. When atomization is essen-
tially complete, dissociation equilibria
play a less significant role.

Ionization equilibria, however, may
play an important role, especially if
the analyte is ionized to a considerable
degree in the absence of other easily
ionizable elements. Fortunately, under
the plasma conditions now generally
employed, ionization interference ef-
fects are surprisingly small. The
search for a satisfying explanation for
these unexpected observations has
catalyzed extensive experimentation
and discussion (25-30). The consensus
view now is that the suprathermal
electron number density in a “pure”
Ar plasma is so high that the total is
not significantly affected by the addi-
tion of easily ionizable elements to the
plasma. *
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The considerations discussed above
suggest that interelement effects in
the vaporization-atomization-excita-
tion and ionization process should be
low or even negligible. There is volu-
minous documentation that a single
analytical calibration curve often suf-
fices for the determination of an ana-
Iyte in a variety of samples of widely
ranging composition. When interele-
ment “‘effects” are observed they may
usually be traced to the fact that the
aerosol formation process is affected
by large changes in the composition of
the sample, or to residual ionization
interferences, or to spectral line inter-
ferences or background shifts that
have occurred and for which proper
corrections have not been applied.

The plasma possesses other unique
advantages. First, after the free atoms
are formed, they flow downstream in a
narrow cylindrical radiating channel.
The optical aperture or viewing field
of conventional spectrometers can be
readily filled by this narrow radiating
channel. In this way, the radiation
emitted by the free atoms or ions is
used effectively. Second, at the normal
height of observation, the central axial
channel containing the relatively high
number density of analyte free atoms
or ions has a rather uniform tempera-
ture profile (24, 25). The number den-
sity of free atoms in the hot argon
sheath surrounding the axial channel
is far lower. Under these conditions,
the analyte free atoms or ions tend to
behave as an optically thin emitting

. 51, NO. 13, NOVEMBER 1979

source. If a large range of emission in-
tensities can be accommodated linear-
Iy by the measurement system, linear
analytical calibration curves covering
five orders of magnitude change in
concentration can be readily achieved.
Simultancous or Rapid Sequen-
tial Determination of the Elements
at Major, Minor, and Trace Con-
centration Levels Without Chang-
ing Experimental Parameters. The
analytical performance of these plas-
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Figure 5. Schematic representation of
a typical ICP used in analytical spec-
troscopy
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mas may be greatly affected by the
choice of experimental parameters. If
the assumption is made that the
choice of frequency of the current
flowing in the coil, the torch configu-
ration, and the pattern of gas flows as-
sure effective injection of the sample

of spect ters with adequate capa-
bilities, major, minor, and trace con-
stituents can be determined simulta-
neously or in a rapid sequential man-
ner, without changing any experimen-
tal parameters other than the wave-
length of observation (34). When the
pl is mated to a classical poly-

into the axial ch 1 of the pl
ther ining dominant experi al

chr tor of the type shown in Figure

parameters are: power input into the
plasma; Ar carrier-gas flow-rate; and
observation height. Although the
nominal power of the generators em-
ployed for analytical purposes has
ranged from 1-15 KW, most investiga-
tors have worked in the 1-5 KW range
and this trend has been reflected in
the commercial units. There has been
repeated documentation (31-33) that
a compromise set of values for the pa-
rameters identified above can usually
be identified that leads to the high
powers of detection, extended linear
dynamic range, and freedom of inter-
element effects characteristic of these
plasmas. Thus, given the availability

Gas Flow

ICP SOURCE

6, the chemical elements may be de-
termined simultaneously in a single
step. In these instruments, precisely
located exit slits isolate the spectral
lines of interest from the dispersed
spectrum formed by the diffraction
grating. Each exit channel has its own
photomultiplier detector and electron-
ic integrator. As many as 50 or more
channels are provided in commercial
instruments, allowing the simulta-
neous integration and determination
of up to that many analyte signals.
The technology represented by these
polychromators is mature; thousands
of these instruments are employed in
the metals industries for composition

Photomultipler
Detectors

Secondary Optics

control. In one corporation alone, over
13 million quantitative determina-
tions based on direct spark or arc exci-
tation of metal specimens were com-
pleted in 1977, with precision and ac-
curacy comparable or superior to
those obtained by classical chemical
procedures. Yet, as late as the 1970's,
repeated accounts in the published lit-
erature have referred to the complexi-
ty of these instruments and to prob-

- lems associated with misalignment

and drifting of the individual exit

slits. I believe that the authors of
these assertions would find a visit toa
modern steel or aluminum control lab-
oratory a revealing experience. It is
not uncommon for these instruments
to be employed for the simultaneous
determination of up to 10 or more
major and minor constituents, per-
forming analyses at prodigious rates
(up to 600/hour on 40 to 50 samples),
often under alarming environmental
conditions, with relative standard de-
viations of 0.5 to 1.0 for 24 hours per
day. The above remarks are not meant
to imply that the exit slits must not be
aligned with care. They must, but mis-
alignment and drift, if they do occur,
are monitored, and appropriate align-
ment adjustments are conveniently
applied.

HOW IT WORKS

SYSTEM
ELECTRONICS

'Y
L4 Measuring
i Electronics
L 4
T
h 4
d Dedicated
Ll Minl Computer

Instrument

Figure 6. Schematic diagram of an ICP polychromator
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Presently, polychromators are em-
ployed in most ICP-AES systems that
are extensively used for the routine,
simultaneous determination of the
same set of elements in matrices of
similar composition. However, their
application for the determination of a
broader range of elements in samples
of widely varying composition is re-
stricted by the fixed array of exit slits
employed for isolation of the spectral
lines. In principle, scanning mono-
chromators can be used for the se-
quential determination of most of the
elements in the periodic table, and a
number of lines may be measured for -
each element to enhance the reliabili-
ty of the determinations. However, for
multielement determinations, the op-
erations involved in a sequential scan
to the spectral lines of interest and in
measuring the intensities of the lines
relative to the spectral background
usually require constant operator at-
tention and lengthen the analysis time
considerably as compared to the time
required for simultaneous multiele-
ment determinations with a polychro-
mator. As a solution to this problem
we have recently described (35) a pro-

hl - h

or

system that eliminates the inefficien-
cies mentioned above. This instru-
ment, shown in schematic form in Fig-
ure 7, possesses the following charac-
teristics and capabilities:

« A computer-controlled scanning
monochromator with the ability to
slew rapidly and accurately, under
program control, from one successive
analysis wavelength to another in a se-
lected sequence of analytical wave-
lengths;

Video
Terminal

Dual-Drive
Floppy Disk

« Automated line search and peak-
seeking routine for determination of
the peak intensity of selected lines;

« Storage in memory of a selected,
ordered list of the most prominent
spectral lines for each of the 70 or so
elements usually determined by ICP-
AES, with prioritization of the select-
ed lines in accordance with powers of
detection and freedom from spectral
line interferences;

« Preselection of one or more of the
stored analyte lines for each element
to be determined;

« Preselection of precise wave-
lengths at which the spectral back-
ground intensity measurement is to be
made for each analysis line;

« Computer software rearrange-
ment of the selected analysis lines and
corresponding background wave-
lengths in ascending wavelength to fa-
cilitate orderly measurements and to
minimize the analysis time;

« Video terminal for the visualiza-
tion of difficult background situations
and for the display of analytical cali-
bration curve data. The video termi-
nal also aids the judicious selection of
the most useful lines for a particular
analytical problem;

« Detection limit routine for moni-
toring instrument performance. De-
tection limit measurements that are
based on signal to noise considerations
provide a convenient and sensitive
performance test of the entire system;

« A signal measurement range of
10° for exploitation of the wide dy-
namic range that is characteristic of
the ICP.

Computer-controlled monochroma-
tor systems that possess some of the

features and characteristics discussed
above have been described (36-38),
suggested (39), or are commercially
available, but none of the versions
previously described or marketed have
possessed all of the capabilities speci-
fied above. For ICP-AES, these in-
struments present attractive possibili-
ties. Because it is usually neither nec-
essary nor desirable to change experi-
mental parameters in the plasma for
the determination of a broad range of
elements at concentrations ranging
from major constituents to trace lev-
els, it is convenient to program the in-
strument to start at the low wave-
lengths and proceed up the scale unat-
tended until the end of the analytical
cycle. These simple operations should
be contrasted, for example, with the
sequence of steps required for sequen-
tial multielement determinations by
conventional AAS. If a broad range of
elements at various concentration lev-
els is to be determined via flame at-
omization, the analyst is faced with
the prior selection of the proper pri-
mary source, the nature of the flame
and its operating stoichiometry, the
height of observation, and the sample
dilution appropriate to the concentra-
tion range for each element to be de-
termined. If furnace atomization is
employed, it is usually necessary to
carefully select the best combination
of drying, charring, ashing, and atom-
ization temperatures for each element
to be determined and for each sample
type. Other analytical techniques are
similarly burdened with the selection
of optimum conditions for multiele-
ment determinations. To cite just one
more example, the sequential determi-

Double
Monochromator

Figure 7. Sch ic diagr

of a progr
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Table I. Simultaneous Determination of the Elements
Requirements of an Ideal System

-

. Applicable to all elements

2. Simull or rapid seq i

determinati ity at the

major, minor, trace and ultratrace concentration level without change of operating

conditions
. No interelement interference effects

(3 S A

sample preparation or manipulation
. Capable of pi ing rapid ly

. Applicable to the analysis of microliter or microgram sized samples

a problem of ultratrace analysis by

atomic spectroscopy. Weak spectral
line interferences may not always be
avoidable, and under these circum-
stances, correction schemes based on
measurements of the concentrations
of the interfering elements can be
used. The latter approach is particu-
larly appropriate when the concentra-
tions of several elements are deter-
mined simultaneously with a poly-

. Applicable to the analysis of solids, liquids, and gases with minimal preliminary

le to process control

6.
7. Acceptable precision and accuracy
8. Nondestructive

9. Portable
10. C

y available facili at

cost

11. Acceptance by the scientitic community

nation of low and high atomic number
elements of X-ray fluorescence spec-
troscopy involves major changes in the
energy distribution of the exciting ra-
diation and in the choice of diffracting
crystals. For ICP-AES, a single set of
operating conditions usually suffices
for determination of all applicable ele-
ments at major constituent or trace
levels. The value of this capability is
often underestimated by analysts.

A facility that incorporates both a
polychr and a prog! bl
scanning spectrometer provides the
analyst with an unusually flexible in-
strument. The polychromator may
then be used for the determination of
those elements for which routine anal-
yses are required, while the scanning
instrument provides the flexibility of
line choice for the rapid sequential de-
termination of virtually all elements in
the periodic system, at all concentra-
tion levels.

During the past five years there
have been repeated demonstrations
(34) by many analysts that the analyt-
ical approaches represented in Figures
6 and 7 or a combination thereof ful-
fill, to an unusually high degree, the
requirements of an ideal system for
the simultaneous or rapid sequential
determination of the elements at all
concentration levels in a single analyt-
ical operation. Such an analytical sys-
tem must meet many requirements,
most of which are shown in Table I. In
arecent review I assessed the degree
to which ICP-AES simultaneous or
rapid seq ial systems plied
with these requirements (18). I shall
not repeat this assessment here, other
than to update the first requirement
listed. If an Ar path is provided be-
tween the plasma and spectrometer
and to the detector, Br, Cl, and I are
also determinable (40).

The high degree of compliance of
the ICP-AES technique with the re-
quirements shown in Table I (18) is

leading to a rapidly increasing accep-
tance of this approach by the scientific
community. This acceptance has been
manifested in a number of ways. First,
the number of active ICP-AES labora-
tories has increased from less than 10
in 1969 to an estimated total exceed-
ing 400 installations in 1979. Second, a
privately published newsletter now
appears monthly (41) and cover
stories, with colorful cover photo-
graphs, have appeared in ANALYTI-
CAL CHEMISTRY, Science, and Amer-
ican Laboratory. Third, as a result of
a poll conducted by American Labora-
tory at the 1978 Pittsburgh Confer-
ence, the editorial staff of that period-
ical concluded that the percentage
projected growth of “plasma spec-
trometers” exceeded all other analyti-
cal instruments (42). Finally, ICP-
AES symposia at recent Pittsburgh
Conferences and meetings of the Fed-
eration of Analytical Chemistry and
Spectroscopy Societies have consis-
tently been among the best attended.
Problem Areas. Lest the impres-
sion be conveyed that ICP-AES is a
panacea for all elemental determina-
tions at all concentration levels, I has-
ten to identify several problem areas.
Spectral line interferences are com-
mon in AES, but there are well-known
approaches for eliminating or drasti-
cally reducing their effects on analyti-
cal results. These line interferences
can frequently be eliminated altogeth-
er by the judicious selection of the
analysis lines. Although this selection
process may lead to some compromise
between optimum detecting power
and least interference from spectral
lines of the concomitants, such com-
promises are generally acceptable.
The most definitive assessment of
possible spectral line interferences is
based on observations of spectra of
pure reference samples free of the an-
alyte species. The general unavailabil-
ity of such reference samples remains
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chromator. When determinations are
made at trace concentration levels, the
underlying spectral background will
normally be a large fraction of the
total measured signal, and precise
background corrections are required
for accurate analyses. Changes in the
concentrations of concomitants may
produce subtle changes in the back-
ground level. These background shifts
may be caused by true spectral inter-
ference, as discussed above, by stray
light (43), or by true spectral back-
ground shifts arising from radiative
recombination continuum emission or
from line-broadening processes (44).
The stray light contributions, other
than the portion arising from far scat-
ter, can usually be reduced by use of
high quality gratings, such as holo-
graphic gratings, and by proper design
of the spectrometer. Residual far scat-
ter, which may be considered a form of
stray light, may often be rejected by
mounting band-pass absorption or re-
jection filters immediately in front of
the detector or the entrance slit of the
spectrometer (43, 45).

True background shifts, if not mea-
sured accurately and subtracted from
the total, may introduce an analytical
bias that may masquerade as an inter-
element or matrix effect. The various
approaches for accurately measuring
background shifts have been reviewed
recently (46-48), and automated mini-
computer controlled, multielement
background correction approaches to
ensure precise correction data are now
commercially available.

Another problem area resides in the
aerosol generation processes; there is
general agreement that the various
aerosol generation techniques summa-
rized in Figure 4 constitute the weak-
est link in ICP-AES system. Although
these techniques have provided sim-
ple, direct, and adequately precise
means for presenting sample material
to the plasma for analysis, fragmen-
tary experimental evidence and intui-
tive deduction indicate that these pro-
cesses may limit the ultimate preci-
sion and accuracy attainable by the
technique.

The Future. What does the future
hold? Unfortunately, it is not revealed
to us until it becomes the present.
Polychromator-ICP systems should
continue to exert a major impact in
the routine simultaneous multiele-
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ment determination field. Although
programmable scanning spectrometer-
ICP systems are still in their infancy,
they are likely to have an even greater
impact in the general analytical labo-
ratory. Thus, the way many elemental
determinations are made is likely to
undergo a considerable change in the
future. The assumption should not be
made, however, that state-of-the-art
ICP-AES systems represent the ulti-
mate solution to simultaneous or rapid
multielement determinations at all
concentration levels. Better ways may
emerge—if the challenge of devel-
oping a better way is met.
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If you know pH
you should know Philips.

It's not always what you know but This broad based pool of expertise  lon selective electrodes: Solid state

who you know that counts,and is worth getting to know, so why not  and plastic membranes covering a
getting to know Philips will help solve find out now what we have to offer ~ wide range of ions, including the
your electrochemistry problems. by completing the Reader Reply new ammonia probe

Our comprehensive range of Card or contacting your local Philips Reader Reply No 117.

equipment and our wealth of Science & Industry office or the pH electrodes: pH.redox. reference
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laboratory and industrial pH, pX pH, pX and conductivity meters: Reader Rep|ygNo 113pp

and conductivity. A range of analogue and digital ) ’
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UV/VISIBLE SPECTROPHOTOMETRY

A great future is predicted for EMIT, Elisa [ (X And, the programs can easily be changed
and other new spectrophotometric ol 3 to keep you in touch with the rapidly
immunoassays, but how can you be ‘| developing world of immunoassay
prepared for tomorrow's techniques? a i techniques. without the aid of a fortune

Using Pye Unicam Software Cards as a -
basis, low-cost systems can be built — For further information write, ‘phone or use
around either the SP6 or SP8 Series the reader reply service today ’
Spectrophotometers and the HP97S

Programmable Calculator.

All you have to do is slide the magnetic
software card through the reader and the
system is instantly programmed for
immunoassays or conventional colorimetric
or rate measurements

Enzyme Immunoassay?
The future 1s in the cards!

teller-ora fortune!
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York Street Cambridge CB12PX England
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The LC Systems that

Pye Unicam’s new LC-XP Series of liquid chromatographs allows the chromato-
grapher to choose the system that will exactly suit his own specific requirements -
requirements that may vary from quality control to complex research studies.

The Series consists of both isocratic and gradient elution liquid chromatographs
which, while modular in design are essentially conceived as fully integrated systems.
Not only can a liquid chromatograph be configured to suit any budget or application,
but, when requirements change, the system can be readily updated with minimum
expense.
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4y

1308 E



LIQUID CHROMATOGRAPHY

reflect your needs.

Automation allied to precision

For fully automatic injection of up to 25
samples, instruments can now be supplied with
the LC-XP Autosampler. Based upon the well-established
loop valve principle, the system offers single or dual injections from
each sample vial. This attractive new product offers all the benefits of precision
and reproducibility associated with the LC-XP range.
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York Street Cambridge CB12PX England
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PHILIPS

GAS CHROMATOGRAPHY

You can vary the system
but the reliability never changes.

The great work-horses of gas chromatography:
the five versions of the GCD system

Ideal for routine, repetitive applications
Economical, reliable. Simple to use, yet capable
of high performance chromatography.

Each of these five popular versions is compact
and self-contained; each is dedicated to a
particular detection system: Temperature
Programmed FID, Isothermal FID, Temperature
Programmed and AutoDoor FID, Isothermal TCD
and Isothermal ECD

It's not only for these reasons of economy,

ease and dependability that this simple system
has enjoyed the continued approval of gas
chromatographers everywhere; GCD instruments
are supported by the excellent world wide
facilities of Philips and Pye Unicam

You can obtain details of GCD capability by
writing to the address below, ringing, or using

the reader reply service. If you're not already
depending on the GCD system, contact us today.

Pye Unicam

A SCIENTIFIC INSTRUMENT COMPANY OF PHILIPS

York Street Cambridge CB12PX England
Telephone (0223) 358866 Telex 817331
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Masters in UV)visible,
the new SP8 Series.

The new SP8 Series share the world's most The SP8-200 and the new, double

advanced optical design, incorporating master monochromator SP8-250 offer the highest
holographic gratings for ultra-low stray light standards of precision currently available
levels, silica-coated optics for durability and Research performance is combined with the
angled mirrors and windows which improve flexibility of keyboard operation and full
photometric accuracy. Whatever your UV/visible microprocessor control and data handling-
scanning requirements, one of the four SP8 not just abscissa and ordinate control

models can be tailored to your needs Write, ‘phone or use the reader reply service

The SP8-100 and the new, extended range to discover which of the new SP8 Series will
SP8-150 are designed on a modular basis so benefit your analytical problems

that high performance systems can meet,

within a tight budget, the demands of almost

any application
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To those who
think Beckman means
only Gamma - here’s
the other side of the
story: Beckman is also
LS. More than half of all
researchers purchasing LS
instruments select Beck-
man. A decade of tech-
nical innovation improv-
ing simplicity of opera-
tion and data quality is
the main reason. -
man LS instruments
offer:

1. Automatic

uench Compensa-
tion. Developed by
Beckman, AQC is
designed to ensure
accurate quench correc-
tion of dual-labeled sam-
ples by automatic adjust-
ment of each sample.
Each isotope is, therefore,

measured in its properly

corrected window, thus

ensuring a much more

Eredse and meaningful
nal answer.

2.H Number. This
technique of quench
monitoring is based on
instrumental determina-
tion of the Compton
edge of an external

a source. The H
umber technique uses

a microprocessor-directed

scan to determine the
Beckm
isLS.

inflection point, resulting
in increased accuracy zmg
the widest range of
quench monitoring.
3.Random Coin-
cidence Monitor.
RCM eliminates errors
in final results by auto-
matically calculating the
Y% of chance chcmiﬁlmi-
nescent events contrib-
uting to the observed
count rate.
Features like these are
why researchers feel so
confident in Beckman
LS instruments.




To those who
think Beckman means
only LS - here’s the
other side of the story:
Beckman is also
Gamma. Only Beckman
offers a choice of four
gamma-counters for the
research and clinical
laboratory:

1. Gamma 4000.
This high-performance,
bench-top unit has 200-
or 400-sample capaci?l,
and preset and variable

windows. The optional
DP-5000 computer/
Erinter provides on-
ine data reduction
capability - for

radioimmunoassay

final- answer calculations.

2. Gamma 7000.
Microprocessor—control-
led, this unit offers high
Eerformance with push-

u

tton simplicity. Perma-

nently stored counting
Ero ams eliminate

nobs, manual controls
and switches to make
operation fast, easy and
reliable.

3.Gamma 8000.

Takes microprocessor-
control one step further,
allowing the user to de-

Beckman
AL

sign spedial counting
programs while maintain-
ing simplicity of operation.

4. Gamma 9000.
Built into the 9000 is a
complete computer that
both controls the opera-
tion of the instrument
and takes your data
through to final answer -
the ultimate in data-
handling capability.

These instruments
make Beckman the state-
of-the-art choice in
Gamma.

Facts fromBeckman
For more information,
send us the coupon, or
use the reader-inquiry
numbers indicated:

O Gamma

Inquiry No. 27
aLs Inguiry No. 28
Name
Laboratory,

Address

Beckman Instruments
International S.A.

17 rue des
Pierres-du-Niton
CH-1211 Geneva 6
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a reliable and
cost - effective line

flame photometers - spectrophotometers, fluorimeters
specific analysers (CI, COz, bilirubin ...)

multiparametric analysers

ionolysers 4, 6, 8, 10 DIVISION D'INSTRUI\IAENTS s‘A.gle
19, rue de la Gare
e . 94230 CACHAN-(France).
reagents and disposable items e

Agencies:
West Germany, Brazil, U.S.A.,
Africa, Far East, Japan, Middle East.
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£l 74 KONTRON
EIAN UV/VIS SPECTROPHOTOMETERS

Uvikon Series

» The “Multi-User” instruments with the
individually selectable program memories

» Every memorized program can be called for
by touching of only 4 keys

» Simple programming — can be performed
by everybody

» Efroneous operation no longer possible

The KONTRON UVIKON SERIES comprises
5 customers’ oriented instruments.




recorder data-control

The large sample compartment is
accessible from 3 sides and

is designed for the accomodation
of a wide variety of accessories

(i. e. holder for 10 cm cells).

Acontrol  cell-control

conc  |base-. |gel
line speed
fact | store | cm/min
conc  |base- |step
hine
auto| on-oft up

single |auto - | step
beam | zero

on-off| on-oft|l down

I'Dul 'l

All instrument and accessory functions

are controlled by the keyboard.

Refraction index free 8 pl flow

through cell for applications

in the liquid chromatography

field.

Du_ertlLtanh_megl_an_d
nical

ignment of the cell is no Iong&
(UVIKON 720LC)




ELECTROLYZING TIME
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... Striptec!

The new, easy and economic way to make precise heavy metal
determinations even at super-low concentrations

Striptec - the latest development from Tecator -
uses new technology (potentiometric stripping

analysis) that gives a very wide measuring range,

with no special preparatory steps. The
instrument is capable of simultaneous
measurement of several metals including
cadmium, lead, copper with high precision also
at ppb-levels.

In combination with Tecator’s programmable
Digestion Systems for multisample preparation
Striptec allows convenient and reproducible
conditions for the measurment of trace metals not
only in liquids and inorganic materials, but also
in all kinds of organic materials.

HHtecator

Box 70, S-263 01 Hoganis, Sweden.

CIRCLE 210 ON READER SERVICE CARD

Compared to existing analyzers, Striptec is

more compact and less expensive. It offers great
advantages in being simple to install and operate.
The robust design and unique technology offer
troublefree maintenance and minimize the
service demand.

Step forward with the latest development from

Tecator!

e

Send for more facts about Striptec.
Mail to Tecator
Box 70, S-263 01 Hoganas, Sweden.
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recorder data-control  A-control . cell-control

lmur |

conc  |base-|gel
line - |speed

tact | store | cm/min
conc  |base- |step
I
suto| on-off

single |auto
beam | zero

on-olf

=

e/

All instrument and accessory functions
are controlled by the keyboard.

The large sample compartmentis
accessible from 3 sides and

is designed for the accomodation
of a wide variety of accessories

(i. . holder for 10 cm cells).

Refraction index free 8 pl flow
through cell for applications

in the liquid chromatography
field.

Due to the high optical and
mechanical precision the real-
ignment of the cell is no longer

necessary.
(UVIKON 720LC)
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The new approach to heavy
metal analysis...

EL ECTROLYZING TIME T
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... Striptec!

The new, easy and economic way to make precise heavy metal
determinations even at super-low concentrations

Striptec — the latest development from Tecator -
uses new technology (potentiometric stripping
analysis) that gives a very wide measuring range,
with no special preparatory steps. The
instrument is capable of simultaneous
measurement of several metals including
cadmium, lead, copper with high precision also

at ppb-levels.

In combination with Tecator's programmable
Digestion Systems for multisample preparation
Striptec allows convenient and reproducible
conditions for the measurment of trace metals not
only in liquids and inorganic materials, but also
in all kinds of organic materials.

HHtecator

Box 70, S-263 01 Hoganas, Sweden.
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Compared to existing analyzers, Striptec is
more compact and less expensive. It offers great
advantages in being simple to install and operate.
The robust design and unique technology offer
troublefree maintenance and minimize the
service demand.

Step forward with the latest development from

Tecator!

Send for more facts about Striptec.
Mail to Tecator
Box 70, S-263 01 Hoganas, Sweden.
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...the new honestly priced
Liquid Scintillation and Automatic
Gamma Counters from Philips...

...the end to price COIlfIIS/IS).

Just how important is price?

Of course price is important.
But not price at any price.

Price not as a result of your
ability to beat the salesman down.
With Philips you won't have to
argue about price.

The Philips price is realistic.
Our price is based on the value of
our products.

No more - no less.

The new Philips Liquid Scintillation
and Automatic Gamma Counters.

The new generation for the
eighties.

Instyling and performance.

/

----\

Please send me \
detaled mtormation on \
O Philips Liquid Sanullanon Counter.

~

, O Phalips Automatc Gamma Counter
, Name
Positon
\ Business Address
‘ Apphcation

\

NV Phulipy’ Gloalampentabricken

~
\\

Lelyweg 1, 7602 EA Almelo,
the Netherlands

S
4

4y

Send o Hem Diehels, Nuclear Analysis Manager

Division of Science and Industry. 2

1S Telephone
05490-18291
PHILIPS \ Telex: 44191

o

In our price the availability of
service is included.
For at least 10 years.

In our price the availability of
spare parts is guaranteed.
For at least 10 years.

Cong)are Philips with others
in this field.
For price and performance.
We invite your comparison.
To find out the facts fill in the
coupon, or write, telephone or telex,
\but whatever you do, contact us.

~
s

~
/
/

/

/
[ 4

/

PHILIPS
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Chemistry and Chemical
Engineering inthe People’s

Republic¢ of CH I N A

An overview of the current state of the chemical sciences in China as seen
through the eyes of 12 leading American chemists

A Trip Report of the U.S. Delegation in Pure and Applied Chemistry
John D. Baldeschwieler, Editor, California Institute of Technology
Foreword by Glenn T. Seaborg, University of California at Berkeley

Fully illustrated with photographs, charts, and diagrams, this fascinating report offers a current look at the
status of research, development, and teaching programs in chemistry and chemical engineering
observed by the 12-member U.S. Delegation in Pure and Applied Chemistry during their three-and-one-
half week visit to the People’s Republic of China in May and June of 1978.

Distinguished chemists and science administrators from the Delegation deftly chronicle the exciting chain
of events: a trip to the U.S. by a delegation of Chinese scientists in April and May 1977. . .plans for a
reciprocal visit to the PRC by the U.S. Pure and Applied Chemistry Delegation. . .the precedent-setting
journey to Peking. . .multi-course banquets punctuated by traditional Chinese toasts, followed by talks by
Delegation members on their areas of expertise. . .visits to laboratories, educational institutions, and
industrial plants in Peking, Tach'ing, Shanghai, Hangchow, Sian, and Lanchow. . .and finally, the group'’s
return home after becoming acquainted with the overall state of the chemical sciences in China
today—providing a base for future exchange of scientific information through joint symposia, visiting
scholars, and joint research programs.

A vital book for those interested in this expanding world and for those who may seek market or research
information in this recently opened area.

266 pages hardback $15.00 ISBN 0-8412-0501-9 LC79-11217
paperback $ 9.50 ISBN 0-8412-0502-7

CONTENTS

Roots of Chemical Research and Development in China « The Institutional Structure of Chemical Research and
Development in China « Chemistry and Chemical Engineering in the Context of National Science Policy » Chemistry
and Chemical Engineering as Elements of Science Education in China « Basic Research in the Subdisciplines of
Chemistry and in Chemical Engineering « Status of Research in Key Areas of Technology » Organization of Chemical
Research and Development in Broad National Mission Areas « Infrastructure « Discussion » Recommendations

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

Please send ___ copies of Chemistry & Chemical Engineering in the People's Republic of China.

O hard $15.00 (ACK 0501-9) O paper $9.50 (ACK 0502-7) O Check enclosedfor $_______. 0O Bill me.
Postpaid in U.S. and Canada plus $.75 elsewhere. California residents add 6% state use tax.
Name

Address

City State Zip
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NOW-THE FIRST FULL
FLUORESCENCE LINE
WITH MICROPROCESSOR
CONVENIENCE.

You won't find a more complete
line of fluorescence spectro-
photometers anywhere. These
Perkin-Elmer “multiple choice”
instruments range from research
to routine in performance —with
microprocessor control and a
variety of accessories to stretch
their capabilities

MODEL MPF-44B

NOTHING BETTER

FOR RESEARCH
No other research-grade instru-
ment matches it in sophistication.
resolution. and sensitivity. It
incorporates every advance gained
through Perkin-Elmer’s long
experience. It's shown here with
our DCSU-2 Differential Corrected

Spectra Unit, an ordinate micro-
processor. This remarkable
accessory enables you to perform
spectra correction, subtraction.
and polarization. and obtain first
and second derivative curves of
either corrected or uncorrected
spectra
MODEL 650-40
CONVENIENCE AND

CAPABILITY COMBINED
This is the abscissa-microproces-
sor-controlled member of the
highly sensitive Perkin-Elmer 650

series—a medium priced line that
offers many features found only
in high priced units. The 650-40
operates with function keys and
anumeric keyboard, includes
automatic gain setting and auto
zero. and gives you adigital display
of fluorescence. wavelength. and
other parameters. The Model 650-
40/60 version has an ordinate
microprocessor for such addi-
tional functions as spectra correc-
tion. CATing. rep scan, subtraction
and polarization.
MODEL 650-10
MORE SENSITIVITY
FOR THE DOLLAR
High-efficiency ruled concave
grating monochromators and
horizontal slit arrangements are
combined in a proprietary optical
design that gives this instrument
extremely high sensitivity for a
moderate price. Slit width is con-
tinuously adjustable down to 1.5
nm, another Perkin-Elmer exclu-
sive that attains precision control
of intensity and resolution you

won't find elsewhere except

in high priced units. As little as
0.6 ml of sample is needed in the
standard cell

FOR ROUTINE WORK
Features like pushbutton opera-
tion and abscissa microcomputer
control of scanning monochroma-
tors make the Model 3000 an
exclusive Perkin-Elmer break-
through in its class. You get excita-
tion spectra quantum corrected
automatically. and digital display
of fluorescence values. The Model
3000 also has three pairs of wave-
length memories (three for excita-
tion and three for emission). A
pulsed xenon source, together with
ratio-recording electronics, pro-
vides excellent stability for long-
term measurement.

Get all the facts on this remarkable
selection of fluorescence instru-
ments and accessories. For litera-
ture or a demonstration. phone
(203) 762-6095. Or write Perkin-
Elmer Corporation. MS-12, Main
Avenue. Norwalk. CT 06856

PERKIN-ELMER

Expanding the world of analytical chemistry.
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The spectral sleuth.

SEARCH software in our
IR Data Station makes
interpreting spectra fast,
easy, and accurate.

The Perkin-Elmer IR Data Station
is a desktop computer consisting of a
processing module, keyboard, and
CRT display. Connectitto a high-
performance Perkin-Elmer infrared
spectrophotometer and you can do
dozens of unusual. important things
Store, retrieve, and manipulate data
Visually compare as many as three
spectra at once on the CRT Smooth,
average, or accumulate spectra Take
spectral differences

And when you add the SEARCH
applications program, you get instant
guidance on interpreting an IR spec-
trum, and a library search as well —
quickly, easily, accurately Pushing
a button delivers years of experience

Problem: identify this compound
Ordinarnily, you use only a library of

reference spectrato perform band-for-

band matching with a spectrum from
an unknown material

Infact, you need a very large library.
which hopetully contains the identical
spectrum, as well as consistent calibra-
tion of your instrument. Otherwise. the
best matches on band position alone
may be very misleading

First stage: possible structural units
The Perkin-Elmer SEARCH program
takes an entirely new approach. When
you place the SEARCH diskette into
the Perkin-Elmer IR Data Station. the
computer almost immediately delivers
the kind of information you d get only
from an experienced spectroscopist
The computer does the cross-refer-
encing that takes years to learn

Fromiits store of over 800 structural
units, the screen shows you a list of
the most likely possibilities

looks within these for matching band
frequencies
So even if your compound isn'tin

Turn to the comprehensive SEARCH
manual, and you get a full explanation
of each It may be all you need to
identify your compound

Second stage: a library search

in seconds

But you can go beyond this interpre-
tation and have a library search
Perkin-Elmer's SEARCH library holds
some 2300 representative spectra on
asingle microfloppy disk. You can get
additional disks from Perkin-Eimer
and. if desired, create your own
specific library.

The SEARCH program compares
about 80 spectra per second with the
unknown spectrum It matches them
band-for-band. including the possible
structural units. The screen then shows
you a list of the 15 best matches

the library, the best matches turn up
being chemically similar materials.
Using this list of possible matches, you
can compare your unknown spectrum
with the known spectra illustrated in
one of the books of corresponding
spectra that s included with the
SEARCH program

More capability for less cost
You can enter data into the SEARCH
routine directly from your Perxin-
Elmer spectrophotometer, manually
via the Data Statiori keyboard. from an
optional digitizer accessory. or from
a microfloppy disk containing a peak
table generated earlier No other
comparable system does so much for
so little. Besides its lower cost. the
SEARCH applications program is a
far-ranging asset to the less experi-

MST FIFTEEN SPECTRA FROM LIERARY :
TR (50 5

-~

€ hard copy spactra before

aceepting identification

XTQ SERKH &

Pinpointing the solution
In matching your unknown spectrum
with those in the library. the SEARCH

. procram looks first for samples with

the same structural units. Then it

enced operator. It's described fully in
our literature For your copy. write
Perkin-Elmer Corp . Instrument Divi-
sion. MS-12. Main Avenue. Norwalk.
CT 06856

PERKIN-ELMER

Responsive

Technology
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Gas Chromatography

PERK GROUPING HYDROCARBON MIX

IVITIES a8

INST 2 HMETH ZIMEILE 15

FUN 1061 PEAK GROUPING - HYDROCARBON MIX

SENSITIVITIES 2688

TIME AREA BC T RF NANE
1.080 13.1665 N-PENTRNE:
3.1711 2,2-DIMETHYLBUTRANE:
4.5177 2,3-DINETHYLBUTANE:
2,4-DIMETHYLPENTANED
3-METHYLHEXANED
HEPTANE:

34.5126
3.3123
11.8419
14,8672
1859
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Perkin-Eimer’s SIGMA 3B.
If you’re raising a GC family,
start with all the advantages.

Our SIGMA 3B Gas Chromato-
graph is a series of instruments
combining many advantages of
more expensive units. Its cost is
modest. Its size is compact. It has
features that already place it at the
head of its class. And it can be
expanded to suit any application.
So when you need more GC capa-
bility. you don't have to move up
to a more expensive model. Simply
add an accessory or change a
component

Unattended automatic sampling
Our AS-100 Automatic Sampler.
for example, helps the SIGMA 3B
to run round the clock unattended
Upto 100 samples can be analyzed
three times each. A built-in micro-
processor handles everything with
simple keyboard instructions, and
leads the operator through set-up
and storage of up to four sampling
programs. Add a SIGMA 10B Data
Station with BASIC II, and you can
program the AS-100 to make
sampling decisions based on data
obtained during the analysis period.

Microprocessor-controlled
anal

Single or dual column, the SIGMA
3Bisideal for routine temperature-
programmed analyses. Indepen-
dent temperature setting and
control for injectors and detector
are standard in 1°C increments
to 449°C. Enter instructions on
a keyboard as simple as a pocket
calculator’s. not cumbersome
digitai switches. Self-checking.
the microprocessor rejects “impos-
sible” entries. During operation. it
continuously monitors and adjusts
the control systems. Self-diagnos-
tics provide pinpoint serviceability,

and you can generate achromato-
gram without an injection in order
to verify operation of detector
amplifiers and integrators or data
reduction systems.
Multi-dimensional
chromatography
The SIGMA 3B is ideally suited for
use in multi-dimensional chro-
matography. It provides a wide
array of customized component
configurations. With our new valve-
less backflush and cut system, you
can simultaneously use different
columns with different stationary
phases to perform separations
of complex mixtures on a single
injection. Simultaneous detection
with any combination of five avail-
able detector types (FID. FPD.
NPD, ECD, and HWD) expandsthe
SIGMA 3B's multi-dimensional
capabilities. The large column
oven permits any combination of
columns—metal or glass. packed
or open tubular. With a parallel
column adapter, it can house two
packed columns without disturb-
ing a capillary column already
installed
Data handling flexibility

Using the SIGMA 10B Data Station.
you get hard copy reports and
annotated chromatograms on a
printer/plotter. You can link the
SIGMA 10B to a central computer.
Or. as a further option. write
your own program using standard
BASIC to achieve outstanding
flexibility in calculations and report
formatting

Proven head space analysis
The exclusive Perkin-Elmer Head
Space Sampler, installed in min-
utes, converts your SIGMA 3B into
a powerful new type of analyzer.

SIGMA 3B with an AS-100 Automatic Sampler
lower left and a SIGMA 108 Data Station at rear.

Background s data station printout with

annotated chromatogram and calculations

In head space analysis, only the
volatile components present in the
gas phase above the sample (the
head space) are analyzed. The
non-volatile residue never reaches
the GC injection system to compli- .
cate the analysis. The sample can
be solid, liquid. highly viscous or
acomplex matrix. The technique
is ideal for many environmental
analysis problems

HS-6 Head Space Sampler

The SIGMA series

The SIGMA 3B gives you all this
with a price tag lower than any
otherinits class. Its also part of a
complete line of Perkin-Elmer gas
chromatographs and accessories
In addition to the 3B. the SIGMA
series includes: the low-Cost iso-
thermal model SIGMA 4B: the
multi-detector, microprocessor-
controlled SIGMA 2B; and the
most sophisticated system, the
SIGMA 1B. which combines one
or more gas chromatographs with
integral microprocessor control
and multi-channel data handiing

Start raising your GC family
now. Send for literature on the
SIGMA 3B and the accessories
that stretch its analytical output.
Write Perkin-Elmer Corp.. Instru-
ment Division. MS-12, Main Ave.,
Norwalk, CT 06856

PERKIN-ELMER

Responsive Technology
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Keyboard Control
with UV Performance
you can Count On!

Model 552

Perkin-Eimer UV-VIS Recording Spec-
trophotometers begin with the low in
price, high on features, Model 552.

K Makes operating
the instrument fast, accurate, and
precise.

Automatic Baseline Compensator.
Provides a flat baseline, even when
using our scanning Super Sipper.

The scanning Super Sipper®
with flowcell.
10-

i

Absorbance

Corrected
Baseline
00~ =

200 350 550 750
Wavelength(nm)

With the Super Sipper you can even scan. Shown
above is a scan of KMnO. in our specially designed
tiowcell. A corrected baseline of the flowcell con-
taining solvent water is shown beneath the scan.

ndable K rd tion. For
a few dollars more, you can add Rep
Scan, 1st and 2nd Derivative, and
Automatic Concentration Factor.
A high performance version is
available which uses a fore-
monochromator and incorporates a
holographic grating to provide stray

light of less than 0.002%T at 220 nm.

Benzene in water
~0.1 PPM in 100mm cell
0.003—

Absorbance

220 240 260 280
Wavelength(nm)

Trace ! aromatic
bocomo lDullM with the baseline compensation
nd low nolse level of the M552. Benzene in
waler un lull{ be detected and quantified at the
100ppb level using 100 mm pathiength cells.

Model 559

The next member of the Perkin-Elmer
family of UV-VIS Double-Beam Spec-
trophotometers is the Model 559. The
Model 559's include keyboard control
and all the features of the M552,
PLUS

Holographic Grating for low stray
light and enhanced photometric
linearity. High performance version
reduces stray light still further.

Stray Light

0%T Al_
ne~ T

190 220

0.001%T

NaNO;
|
4
(e~ "~ _0.0001%T
|

320 340 360
Wavelength (nm)

Measured stray light on & typical H h Performance
559 (shown above) is weil within ma specification of
0.002%T at 220 nm and 0.001%T at 340 nm.

Patented Flowchart ® Recorder! The
“intelligent recorder” from Perkin-
Elmer automatically aligns chart to
monochromator at all times.
Accessories Standard! Other instru-
ment manufacturers make them ex-
pensive options; Perkin-Elmer pro-
vides them as standard.

1) Repetitive Scanning

2) Wavelength Programming

3) 1st and 2nd Derivative

Model 320/330

State of the art performance and

features highlight the Model 320, for

those demanding a research level,

completely automatic spec-

trophotometer.

Double Monochromator provides bet-

ter than 0.0001% T stray light at 220nm.
Control of ALL operating

parameters (even slit-width). You ask-

ed for, and you expect, unsurpassed

versatility in an ultra-high perfor-

mance instrument.

Smart Recorder. Just position to a

grid line once and the 320 remembers.

Again, accessories are standard.

1) Wavelength Programming

2) Repetitive Scanning

3) 1st, 2nd, 3rd and 4th Derivative.

Superior Stray Light 0.0001%T
) Nal | NaBr

1 L]
| \ o%T "\_

| "_'\ e

1% Wnnﬁqmr\m)
Stray light measurements were made on the M320
accordi lo u- ASTN m-lhoa Measured

light at sodium lodide was well within
50 Spec of 0.0001 ST At 220 nim Alsa Shownr 3
stray light using NaBr.

The Model 330 is the UV-VISNIR ver-
sion, extending the wavelength range
to 2600 nm.

Information
or
Demonstration
{ use the reader service card )

Circle 100-for a Demonstration.
Circle 101-for information on M552/559
Circle 102-for information on M320/330
Circle 103-for an Application Data

Bulletin describing derivative

scanning with the Models 552

and 559.
or write directly to Perkin-Elmer
Corporation, M/S-12, Main Ave., Nomalk
Cor , Of
Perkin-Elmer & Co GmbH, Postfach
1120, 7770 Ubenlnqen Federal Republic

4) Integration

Methyl Salycilate
hadrolysls in1IN NaOH
40°C

10- 120nm/min.

g 3 min. cycle time

e

8

5

H ‘/v\

<

00- ~-—

L N N
250 300 350 400
Wavelength(nm)

The patented Flowchart recorder makes repetitive
scanning fast, accurate and precise.

of
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Varian's veteran MCP’s
are now available
for commercial applications.

Four sizes available
with quick delivery.
Varian has a distinguished
history of supplying volume
quantities of high .

perfor- £
mance
micro- l_”
channel
plates to
the mili-
Thic
is

means in- Send for a free
SC‘!S"['?‘A and apgllcatlons

ientific
users have rochure.
a new, high For a free
quality brochure de-
source for ~ 18mm scribing these
a complete line of microchannel
high resolution electron ™~ 25mm plates, holder

assemblies,
and their uses,
or to place

multipliers.
All Varian MCP’s are
available from stock—even

those hard-to-get 30 and 40 mm sizes! . . | your order now,
. . . mm S _contact Varian,
High gain and low dark noise LSE Division, 611
. . : Hansen Way, Palo Alto,

Whether your instrument is measuring CA 94303. Or, call (415) 493-4000
electrons, positive ions, soft X-rays or EXT. 410()/330§, or any of the Varian’

ultra-violet, Varian MCP’s provide a source -
of high gain, high speed and self saturating
detection. They feature low dark noise, and
excellent resolution is obtained with
12pum diameter channels spaced
15um apart. Rugged construc-
tion and solid borders result b
in easier handling and
mounting.

EDG sales offices throughout the world.

varian
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Demand-Pull and
SciencePushin
Multielement

Analysis

Marvin Margoshes

Technicon Instruments Corporation
Tarrytown, N.Y. 10591

I did not want to pass up the chance
to take part in honoring Velmer Fassel
on the occasion of the presentation to
him of the 1979 ACS Award in Analyt-
ical Chemistry. | had a problem
though, in that the topic of the sympo-
sium is multielement analysis, and 1
haven't done any work on this subject
for several years. On reflection, I real-
ized that combining my past experi-
ence on this subject with the work I
have been doing for the past several
years would allow me to bring to the
topic an unusual point of view. In
terms of the general tone of the sym-
posium, I am taking the part of the
d advocate.

Since | joined Technicon in 1971,

I have entered into one of the fastest-
growing industries in America—tech-
nology transfer. I look for technology
emerging from research at universities
and government laboratories that
matches Technicon's needs and espe-
cially the needs of our customers.
Many other companies have scientists
doing similar work.

Most scientists operate as special-
ists, and they have been said to learn
more and more about less and less
until they know everything about
nothing. In technology transfer, I need
to be a generalist, and I may be head-
ed toward knowing nothing about ev-
erything. It is demanding work, with
many frustrations and many rewards.

To give you some idea of the size of
the technology transfer industry, the

0003-2700/79/A351-1317$01.00/0
© 1979 American Chemical Society

U.S. Government published in 1975

a 200-page Directory of Federal Tech-
nology Transfer (1). It lists the ad-
dresses and telephone numbers of 62
offices in 18 departments, administra-
tions, and agencies of the federal gov-
ernment whose sole or part-time re-
sponsibility is to assist in the transfer
to industry of technological develop-
ments that have come from govern-
ment-funded research. Most universi-
ties have some arrangement to patent
and license inventions from their re-
search. Often, the university has an
office of its own to handle these mat-
ters. Others rely on nonprofit agencies
such as the Research Corporation, or
on for-profit organizations such as
University Patents, Inc.

Those who have studied the pro-
cesses of innovation have learned that
most new technology can be classified
as falling into one of two categories,
called “d d-pull” and “sci -
push™ (2, 3). Most industrial R&D is
of the demand-pull type. A need is
identified that can become a market
for the company, and a project team
is formed to develop a product to fit
the need. In a well-run company, the
R&D staff doesn’t just wait for assign-
ments. They will alert the company
to new technical developments that
could find a market. However, little
or no research may be done unless it
can be foreseen that the company will
be able to apply the results of the re-
search.

ANALYTICAL CHEMISTRY, VOL. 51, NO 13, NOVEMBER 1978 « 1317A




Do-it-Yourself
HPLC Columns

Un-Packed, or Packed and com-
puter tested, our HPLC columns
provide the same matchless qual-
ity and service that have made us
the leading supplier to Chroma-
tographers the world over.

Send for specifications on these
do-it-yourself columns and we’'ll
send you a 160 page chromatog-
raphy catalog that could make
your lab life easier.

Call number 312-392-2670 or
write 202 Campus Drive, Arling-
ton Heights, lllinois 60004.

ALLTECH
ASSOCIATES

CIRCLE 3 ON READER SERVICE CARD
1318 A « ANALYTICAL CHEMISTRY, VOL. 51, NO. 13, NOVEMBER 1979

In science-push, the tendency is to
do the research first and later look for
the application. An unflattering de-
scription of the process is to call it “a
cure looking for a disease.” Spin-off
is an intermediate case, where the aim
is to find new uses for technology de-
veloped for one application. In either
science-push or spin-off, the process
of finding useful applications tends
to be slow and to have a low yield. Ef-
forts have been made to justify the ex-
pense of the moon flights by the spin-
offs to earthly needs. The obvious re-
joinder is that, if the spin-off process
works so well, we might as well target
the effort to the earthly needs and
wait for the moon flight to come by
spin-off.

Many studies have shown that the
majority of successful innovations
come from demand-pull rather than
from technology-push or spin-off.
James M. Utterback (4) summarized
the results of eight studies which
showed that three out of four innova-
tions began with a recognition of a
need and then sought a technology to
meet the need. Other studies have
found that the time lag for adoption
of an innovation is significantly longer
for technology-push than for demand-
pull, usually about 15 to 20 years. (5)
A long lapse for introduction of an in-
novation does not mean that the need
is not there. Quite often, the techno-
logical base for application is incom-
plete and there needs to be more
*“gap-filling science” (5) to supply
missing parts.

I don’t intend to imply that all re-
search should be directed toward rec-
ognized practical needs. It is certainly
of great importance that there be ex-
cellent and well-supported bas.c re-
search that is intended to explore
areas where we lack knowledge or un-
derstanding, without regard to pre-
dictable uses. However, analytical
chemistry is an applied science. Anal-
yses are almost always done for very
practical reasons, such as quality con-
trol in industrial production or to pro-
tect individuals from toxic materials.
Even if an analytical chemist is en-
gaged in analyzing moon rocks, he is
not usually doing pure research. He
may be supporting a team that is
doing pure research, however. The
best research in analytical chemistry
is also devoted to practical ends. It
sometimes happens that the research
analytical chemist loses contact with
the practical needs. I believe that
when this happens the research tends
to become sterile.

All of this does not downgrade ana-
Iytical chemistry. If anything, analyti-
cal chemistry is a more demanding
study than most pure sciences. A good
analytical chemist must understand
broad areas of science and technology

that apply to chemical characteriza-
tion; he must understand the science
or the technology involved in the rea-
son for doing the analysis; and he
must be skilled at matching the ana-
Iytical methods to the task at hand.

A good analytical chemist never has
the luxury of being a narrow specialist,
learning more and more about less and
less.

With this lengthy introduction, I re-
turn to the theme of these sessions—
multielement analysis. There are
needs for multielement analysis, and
many of them are of scientific or tech-
nological importance. Emission spec-
troscopy has the inherent capacity to
do multielement analyses. It is hard
to say just when emission spectrosco-
py was first applied to measure two
or more elements at once in the same
sample. Perhaps it was when spectra
were first recorded on a photographic
plate. Before that, when all measure-
ments were made visually and had to
be one at a time, it was not usual to
speak of multielement analyses. At
any rate, books and articles of that
early period did not dwell on this
subject. For a long time, until about
1920, it was believed that quantitative
analysis by emission spectroscopy was
impossible, so the field languished.
The rediscovery of the internal stan-
dard principle by Gerlach in 1925
changed all of that, and multielement
analysis by emission spectroscopy be-
came an accepted method. One can
date the emergence of simultaneous
multielement analysis to the develop-
ment of the photoelectric emission
spectrometer in the 1940's. This in-
strument made it possible for the first
time to measure intensities of many
lines at once and to have the results
available within seconds after the end
of the exposure. If we date research
on multielement analysis from 1925,
we have been doing research on this
subject more than half a century. If
we accept the later date, our period
of research is about 35 years.

I can date my own involvement in
this subject to 1954, when I worked on
a five-channel flame emission spec-
trometer designed to measure sodium,
potassium, calcium, magnesium, and
strontium in biological fluids (6). The
instrument was a technical success—it
worked extremely well. I take special
pride in having incorporated into it
an automatic correction for back-
ground (7), which is now quite com-
mon but was entirely novel then.
However, the instrument was a com-
mercial failure. The reason for the
lack of commercial success was quite
simple: Flame photometers are used
quite often to measure sodium and po-
tassium in serum. Physicians are in-
terested in measuring chloride at the
same time as sodium and potassium,
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We have the

|§ lon Selective Electrode
capability and performance

you've always wanted.

Graphic Controls makes lon Selective electrodes
for fast, precise analysis of a wide range of ions,
including electrodes for halides, heavy metais,
cyanide and sulfide. Not only have we broadened the
practical measuring range of analysis-by-electrode
applications, but we've also managed major
breakthroughs in performance.

For example, our new Ultra Sensitive Chloride
Electrode responds to chloride in the 10 ppb range,
without compromising selectivity. That's a range 25
times lower than can be measured with conventional
electrodes.

This kind of performance is made possible by an
important advance in electrode technology...the
solid state sensing element found in all of our Ultra
Sensitive Electrodes.

All our lon Selective electrodes provide selectivity
equal to or better than conventional electrodes...up
to 25 times better. They assure fast, drift-free
response. Bodies are of solvent resistant epoxy
construction. Contacts are solid and located within
the electrode body, so there's no need for filling
solutions.

In addition to features like these, we're making
electrode replacement easier than ever. Should any
of our electrodes fail to operate properly upon
receipt, just put it back in its own shipping carton,
use our special “return” label and mail. We'li ship a
replacement within 24 hours. It's just one more way
for us to show that we care about your needs.
We're on your side!

For more information, see your local

GC representative. Or contact Graphic
n our Controls, Recording Chart Division, Box

1271, Buffalo. NY 14240. 716,/853-7500.

l €
E GRAPHIC CONTROLS

Recording Chart Division
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but chloride determination is not con-
venient by flame photometry. There

is little medical justification for mea-
suring as a group all of the elements
that can be measured in serum by
flame emission. We had not bothered
to ask if the technology matched the
need. Even in our own laboratory, the
instrument was used mainly for sin-
gle-element analyses or for research
on new flames. This instrument is an
excellent example of technology-push.

The second instrument that 1
worked on (8) represents a good case
of demand-pull. The measurement of
enzyme activities in serum for medical
diagnosis was then a new technique,
but it was tying up our spectropho-
tometer that we needed for research.
Rather than buying a new spectropho-
tometer, we put together a simple in-
strument for $20 in parts and a few
hours of work. The Macalaster Scien-
tific Corp. picked it up, and it was a
reasonably successful product.

1 won’t dwell on my later efforts at
multielement analysis. Most of them
never reached a high level of technical
success, and often the work was never
published. My concept of the televi-
sion spectrometer (9) was turned into
a technical success by a group at Bell
Telephone Laboratories (10), but it
is still unproven that it will be a com-
mercial success.

Most of us who have worked on
multielement methods in emission
spectroscopy, atomic absorption, and
atomic fluorescence have had similar
records. In fact, there isn’t much
about our current commercial emis-
sion spectrometers that is different
from the designs of 30 years ago. One
major design change was incorporat-
ing the computer, which is a ciear case
of demand-pull. The initial efforts to
use on-line computers around 1960
were plagued by the limitations of
computer technology of that period. In
this case, the technology wasn't fully
ready until several years later. | have
already mentioned background correc-
tion. The only other major change that
comes to mind is the introduction of
vacuum spectrometry, which is also
not recent.

One reason that we are honoring
Velmer Fassel today is for his perse-
verance in introducing the induction-
coupled plasma source for multiele-
ment emission spectrometry. In fact,
we would not be using the plasma to
any extent today if he had not persev-
ered. His first publication on this
subject was in 1965 (11), and there
have been at least 16 more from his
laboratory on this subject. The ICP
may turn out to be one of the rare im-
portant innovations in multielement
spectroscopy.

Despite the dismal record that most
of us have established in achieving
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practical results from research on
multielement analysis, we point to the
few successes and use them to justify
continuing to do what we know best.

I think we should look for needs that
are unmet or are poorly met, where we
can apply our skills. I direct your at-
tention particularly to the needs for
simultaneous determination of several
compounds, which can be met in many
cases by molecular spectroscopy. If
you want to find useful applications,
you need only to read the literature
on chromatography. Gas chromatogra-
phy was a rapidly growing area of ana-
Ivtical chemistry a few years ago, and
now liquid chromatography is growing
in importance each year. Both meth-
ods enable the analytical chemist to
determine several compounds in a
sample. However, chromatography is
slow by our standards. A typical chro-
matographic run takes about a quarter
of an hour. There are some as short as
one minute, but that is a rare excep-
tion. Many require an hour or more.
Emission spectroscopists are accus-
tomed to determining up to two dozen
elements in a sample in less than a
minute. Could we not apply that mea-
suring skill to the determination of
compounds?

In fact, there is ample historical
backing for this idea. Starting in the
1940’s and continuing for several
vears, there was important use of in-
frared and Raman spectrometry for
multicomponent analyses, especially
of hydrocarbon mixtures. Mixtures
with up to 10 components were ana-
lyzed (12-15).

Why did the use of molecular spec-
trometry for multicomponent analyses
die out? I think there are two reasons.
First of all, chromatography evolved
as a better way to analyze complex
mixtures of hydrocarbons, which we
the main application for the infrared
and Raman methods. Secondly, the
instrumentation of that time for the
spectrometric methods wasn't ade-
quate. Raman spectrometry was very
slow and required fairly large samples.
Infrared spectrometers had poor sig-
nal-to-noise ratios. The computations
had to be done on analog computers
since digital computers were scarce
and expensive. All of these technical
limitations have since been overcome.
However, I am not aware of recent
studies on analysis of complex molec-
ular mixtures by infrared and Raman,
except for work in the near infrared.

Karl Norris at the Department of
Agriculture in Beltsville, Md., worked
for several years on the near-infrared
analysis of food materials (16). Ana-
lytical chemists have still not become
much aware of this work, but the tech-
nique is already having a major impact
in some important parts of agricul-
ture. In what is so far the most impor-







tant application, a sample of grain,
such as wheat, corn, or soybeans, is
ground to a powder and packed into
a cup. The sample cup is placed ina
filter reflectance spectrophotometer,
and the instrument measures reflec-
tance at six wavelengths in the near
infrared. The instrument then solves
three simultaneous equations to com-
pute percentages of protein, vil, and
moisture in the grain. The whole pro-
cedure takes about one minute.

When I heard of Norris’ work in
1973 and saw what it could do. I pre-
dicted that in a few vears the instru-
ments would be used to analyze grain
when the farmer brings it for sale to
the grain elevator. That procedure has
now been proven, and is becoming
commonplace. On a routine basis,
these near-infrared instruments are
measuring one compound (water) and
two groups of compounds (protein and
oil) in complex matric
the precision of analysis is proving to
be at least as good as the precision of
the reference methods, even when the
near-infrared instruments are oper-
ated by persons who have no previous
experience in chemical analysis.

My initial doubt abhout Norris’
method has proved to be the common
reaction of analytical chemists. Fortu-
nately, Karl Norris didn't believe that

Furthermore,

it was impossible to do analyses this
way. Also, nobody told him that it is
impossible to determine individual
amino acids by near infrared reflec-
tance. Norris and a Canadian col-
league, Phil Williams, have tackled
that problem. They have not yet pub-
lished their results, but they claim to
have made reasonably accurate deter-
minations of the total amino acid con-
tent of grains from the near-infrared
reflectance analysis of powders (17).
These recent successes should en-
courage us to look again at the needs
and opportunities for the analysis of
complex mixtures of organic com-
pounds by spectrometry. There have
heen dramatic improvements in mo-
lecular spectrometer design and in
computers, the essential hardware
components. What is lacking is appli-
cations research and perhaps an ade-
quate understanding of parts of the
theory. I think that spectroscopists
with experience in multielement anal-
vsis can bring a great deal of their
knowledge to this important field.
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MCB:
THE SOURCE

for thousands of high purity reagents

MCB Reagents is the source for the finest
in high purity, technologically advanced chemicals
for use in analytical research, and industrial and
clinical science. ‘

To locate the reagents you need, consult
the new 1979 MCB Buying Guide. It contains 600
pages of easy-to-find and easy-to-read product
listings.

Included are special sections on EM
Chromatography products, featuring the world
famous LiChrosorb® sorbent line and Hibar®-Il
HPLC Columns; MCB Schuchardt Organics for

Synthesis; specialized products, including
Suprapur® Density Gradient Chemicals; and a full
line of dyes and stains, acids, organics, and in-
organics from reagent to high purity grade. Also in
this edition, MCB is proud to introduce OmniSolv™,
our brand new high purity, glass-distilled, multi-
purpose solvent line.

Reserve your free copy of the 1979 MCB
Buying Guide by writing to us on your letterhead,
or by circling the inquiry number below.

It's your link to the source of the highest
quality chemicals available, from MCB Reagents.

AEAGENT®

MCB Reagents, Associate of E. Merck, Darmstadt, Germany, 2909 Highland Avenue, Cincinnati, Ohio 45212
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Lanier introduces .
the No Problem typewriter
for your technical typing.

Want to get your typing back faster
than ever before? NO PROBLEM

Want to type Greek and math
symbols right on the screen?
NO PROBLEM

Want to type and edit multi-level
equations with typewriter
simplicity? NO PROBLEM

Want to add line drawings and
charts to the page? NO PROBLEM

Most typewriters —even many of the
latest electronic models —are limited to
basic typing.

But the Lanier No Problem
Electrenic Typewriter is multi-use.
with extraordinary powers for
technical and scientific typing.

No Problem typing —
abetter way to type.

The No Problem concept

To begin with, the No Problem
typewriter speeds up the typing of your
proposals, manuals. and reports like no
ordinary typewriter can.

It eliminates typing rough drafts on
paper. Pages are prepared on a TV-like
screen instead.
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Changes and corrections are made
right on the screen. So no whiteouts.
No retyping. No false starts. Whole
paragraphs can be moved with the
touch of a few keys.

Letter quality printing is done at up
to 540 words per minute.



NAME
PHONE ___
FIRM NAME
COUNTY

What kind of typing or word
processing system are you using now?

“hn( to lme Grcek .md math symbols

V\bnt to type and edit multi-| ions
with lypc{vp:lcr simplicity? No Prwzm

SeetheLanier .
No Prol;lem_ Elecgromc
‘Typewriter in action.

YES, | want to see Lanier's unique demonstration

of the No Problem’s capabilities. Please arrange
to have call for an

SERNNS. )

— BESTTIMETOCALL____
— ADDRESS

CITY__ = STATE 4] S

4EISK9

Or call toll free: (800) 241-1706 (except in Alaska or Hawail). Georgia residents call COIIQCX (404) 321 1244,



BUSINESS REPLY MAIL

FIRST CLASS PERMITNO 2021 ATLANTA.GA

NO POSTAGE
NECESSARY
IF MAILED
IN THE
UNITED STATES

POSTAGE WILL BE PAID BY ADDRESSEE

Lanier Business Products
1700 Chantilly Drive NE
Atlanta, Georgia 30324



With the No Problem typewriter,
one typist can now do work as fast as 3
or 4 people using ordinary electric
typewriters.

Plus, the basic intelligence for the
No Problem typewriter is contained on
No Problem Smart Discs™ So future
functions and improvements can be
added with new Smart Discs as they
are developed.

One typewriter or a shared syslem

The No Problem Shared System™
offers you even greater typing
capabilities.

No Problem Shared System

Typewriter
Stations

Central
Memory Unit

Printer

The No Problem Shared System™ adds
new capabilities to the already
versatile No Problem concept.

The heart of the system is the Central
Memory Unit. It can store up to 30,000
pages, giving you lower storage costs
per page, and eliminating the need for
typists to handle numerous discs.

You can start with one or two
typewriter stations connected to the
Central Memory Unit, and add
typewriter stations or printers as your
needs increase.

There is also an attractive economic
factor in sharing printers and other
equipment.

Advanced features

Consider the old method of
incorporating complex mathematical
equations into your copy: leave the
space blank, then hand letter them in
after the page was typed. Or, you could
run to the photocopier, then *‘cut and

With the No Problem Shared
System, you can incorporate and edit
virtually any equation you may
encounter —right on the screen. It will
display 256 different characters,
including Greck and math symbols.

Line drawings can be constructed on
the No Problem screen, too.

The No Problem Shared System
automatically selects left, right or
center page position for numbers, and
chapter names on even and odd pages.
Repagination automatically updates
section numbers to accommodate your
additions and deletions.

The No Problem
Electronic Typewriter

from LANIER

LANER BUSINESS HH00UC 15, 18C

It does more than just type.
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Advanced editing automatically
positions footnotes on the proper page.

And the printing of the No Problem
Shared System approaches typeset
quality and flexibility. Proportional and
bold printing, to fit any format or width,
is easily done. Even in two typestyles
and two colors on the same page at the
same time.

Most of all, the No Problem Shared
System can improve your cost/
performance ratio dramatically with its
increased workpower.

Modular design protects your
investment

You can add Shared System
typewriter stations, standalone No
Problem typewriters, printers and
Smart Discs to your office at will.

So your investment will continue to
be a money-making problem solver as
long as you own the equipment.

The No Problem demonstration

Your Lanier representative won't
waste your time with a memorized
sales pitch.

We would rather show you how No
Problem typing can solve your
problems.

Send us this coupon and we'll call
immediately to set up an appointment.

Or call toll free (800) 241-1706.

Except in Alaska or Hawaii. In Gcor;u call
collect (404) 321-1244,

|
|
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|
I
|
|
|
1
|
|
|
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1
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|
|
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Want to see Lanier No Problem typing in
action? NO PROB

Send us the mformauon belowanda
Lanier representative will call for an
appointment.

Name Title

Phone

Best Time To Call

Firm Name
Address County

City. State. Zip.
What kind of typing or word processing
system are you using now?

Lanier Business Products, Inc.
1700 Chantilly Dr. NE, Alllntl. GA 30324

4E15K9
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© 1979 Lanier Business Products, Inc.
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CAlfNBON
ORGANICS AND INORGANICS
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LECO CR-12 Carbon Determinator

Range: 0.05t0 100% Sample size: 0.15t0 1.0 gram

23

Graphite Coal Hydrocarbons
Carbonates and organic compounds

- Infrared detection
* Two minute analysis
* Integral balance & printer

CONTACT LECO*® TODAY!

L
LECO CORPORATION 3000 Lakeview Ave. St. Joseph, Ml 49085, U.S.A. Phone: (616) 983-5531 I E‘ O
Oices. Colifornio (714) 957-8227 « Texas (713) 931-0000 « Pittsburgh (412) 776-4891 « Canada (416) 270-6610 « Mexico City (905) 658-1877
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Polarographers and other analytical
chemists in contact with elemental
mercury will be interested in the re-
sults of research on mercury toxicity
reported on at the American Chemical
Society Great Lakes Regional Meeting
in Rockford, Ill., June 4, 1979, by a
group of researchers from the Ameri-
can Dental Association Health Foun-
dation Research Institute in Chicago,
11l. Two of the researchers have also
prepared an extensive review chapter
on Hg toxicity for a book to be pub-
lished next year.

The American Dental Association
Health Foundation group consists of
D. J. Merdian, R. C. A. Chen, C. Siew,
G. S. Rao and J. J. Hefferren. The
first four researchers presented the
Great Lakes paper, while Rao and
Hefferren wrote the review chapter.
The group’s interest in Hg toxicity
stems from the wide use of Hg based
alloys in the restoration of teeth in
current dental practice. Recent sur-
veys suggest that one of 10 dental of-
fices in the U.S. may be in technical
violation of the Hg exposure limit as
recommended by the National Insti-
tute for Occupational Safety and
Health (NIOSH) at 0.05 mg Hg/cubic
meter of air determined as a time-
weighted average for an 8-hour work
day.

At the Great Lakes Meeting, Mer-
dian, Chen, Siew, and Rao reported
that the most common signs of chronic
exposure to high concentration Hg
vapor are tremor, kidney and gastroin-
testinal disturbances, metallic taste,
insomnia, and erethism, among others.
Erethism is a peculiar form of emo-
tional instability specific for Hg intox-
ication. The researchers exposed mice
to Hg vapor (0.2 mg/m3, 24 hours/day,
continuously for seven days), and sac-

Mercury
Toxicity

rificed them over a period of almost
two months to determine time-depen-
dent Hg concentration in blood, brain,
heart, kidney, liver, lung, and testis.
On day zero after the seven day ex-
posure period, the highest amount of
Hg was found in kidney (92.15 ug/g),
followed by brain (41.85 ug/g). Hg lev-
els in the remaining tissues and blood
were relatively low. Hg levels in all
tissues except brain rapidly disap-
peared, and by day 56 after exposure
no Hg could be detected. In contrast,
brain Hg levels remained relatively
steady up to 28 days after exposure
and nearly 26% of the original Hg
taken up by brain was retained on day

John J. Hefferren, Dennis J. Merdian, Chakwan Siew, and G. Subba Rao (left

Focus

56 after the exposure. The researchers
concluded: “These results clearly indi-
cate that the central nervous system
(CNS) is most susceptible to the toxic
effects of trace Hg vapor exposure.”

The review chapter, “Toxicity of
Mercury,” by Rao and Hefferren, will
appear in the book, “Biocompatibility
of Dental Materials,” Volume IV of
the Uniscience Series on *Biocompati-
bility,” CRC Press, Inc., West Palm
Beach, Fla. (in press, 1980). Rao and
Hefferren report that Hg's vapor pres-
sure is 2 X 107¥ mm at 25 °C., and
that the equilibrium vapor concentra-
tion of Hg in a room at 25 °C. is calcu-
lated to be 20 mg/m3. Its vapor pres-
sure increases rapidly as temperature
rises: There is about an eight-fold in-
crease when the temperature rises
from 20 to 50 °C.

Rao and Hefferren point out that
Hg spilled on the floor is the major
cause of Hg contamination in the den-
tal office environment. The spilled Hg
disperses into small droplets which in-
creases its surface area and thus its
vaporization. Hg droplets can collect
in carpets and floor cracks making
them inaccessible during routine of-
fice cleaning. Prompt cleanup after a
spill and covering up any inaccessible
spillage with powdered sulfur, calcium
polysulfide, or activated alumina is
recommended. Scrap Hg should be

b 1

to right) in the Pharmacology-Toxicology Laboratory of the Division of
Biochemistry at the American Dental Association Health Foundation
Research Institute in Chicago. Hefferren is Director of the Institute, Merdian
is a Research Assistant, Siew is Head of the Toxicology Laboratory, and Rao
is Director of the Division of Biochemistry and Head of the Pharmacology
Laboratory. The Hg toxicity studies are sufpurted by research grants to Rao
from the American Fund for Dental Healt
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stored under water or bacteriostatic
solution. The fact that Hg vapor has
been detected within 30 minutes after
covering amalgam scrap with water
emphasizes the need for tightly sealed
containers for storage.

Employers are legally responsible
under the Occupational Safety and
Health Act of 1970 for maintaining Hg
vapor concentration at a safe level.
The Occupational Safety and Health
Administration (OSHA) enforces a
standard of 0.1 mg Hg/cubic meter of
air in the workplace. Booklets on Hg
health hazards and workers' rights
may be ohtained by writing to OSHA
Publications, Room N3423, Occupa-
tional Safety & Health Administra-
tion, Washington, D.C. 20210. Single
copies of “Mercury” (OSHA 2234) and
Worker's Rights Under OSHA™
(OSHA 2253) are free.

Rao and Hefferren point out that
there currently exists no simple clini-
cal diagnostic test which can be corre-
lated with Hg exposure hazards. Since
the major concern is chronic exposure
to elemental Hg vapor, any resulting
adverse effects may not be manifested

in readily measurable clinical signs
and symptoms until a threshold limit
is reached after many years. These
threshold limits may vary among indi-
viduals depending on their body ca-
pacity to handle the Hg. While the
CNS is considered the most likely tar-
get organ to be affected by chronic
trace Hg inhalation exposures, these
effects are the least quantifiable using
current objective clinical measure-
ments, Rao and Hefferren conclude
that more research is needed in this
important area to develop sensitive,
relinble and practical methods of mea-
suring any such effects of Hg expo-
sure.

Monitoring for Hg, on the other
hand, is now rather straightforward,
thanks to the commercial availability
of personal monitoring badges and do-
simeters, as well as portable detectors.
The badges and dosimeters contain
gold, to which Hg adsorbs quantita-
tively. Quantitation is based on a
change in conductivity that can be
measured as the Hg-Au amalgam
forms. The badges and dosimeters are
worn by individual workers, and sub-
sequent analysis provides information
on time-weighted average (TWA) con-
centrations, usually on a daily basis.

Jerome Environmental Monitoring
Service (P.0O. Box 455, Concord, N.H.
03301) manufactures a gold coil do-
simeter to be utilized with a low-flow
pump. Gold film monitoring badges
are available from 3M Company's Oc-
cupational Health & Safety Products
Division (3M Center, Saint Paul,
Minn. 55101). Badges and dosimeters
may be returned to the companies
after exposure, whereupon individual
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Hg vapor exposures and TWA concen-
trations will be determined. This ser-
vice is quite cost-effective for short-
term or one-shot Hg vapor concentra-
tion studies. Jerome also markets a
complete analytical system for moni-
toring workplace environments and
personnel exposure, which includes
personal dosimeters and a portable
detector for quantitation.

A..J. Sipin Company, Inc., 425 Park
Avenue South, NY, N.Y. 10016, also

i :rsonal Hg dosimeter ser-

in badges contain a spe-
cially treated sorbent capable of ab-
sorbing Hg vapor, which is subse-
quently analyzed by flameless atomic
absorption spectrometry.

A variety of portable Hg vapor de-
tectors and analyzers are currently

marketed by the major instrument
companies and companies specializing
in the analysis of environmental pollu-
tants. A copy of the list of companies
that market Hg vapor analyzers and
provide personal Hg monitor (badge)
service may be obtained from Dr. G. S.
Rao, ADAHF Research Institute, 211
E. Chicago Avenue, Chicago, Il
60611. A combination of personal Hg
monitoring badge and Hg vapor ana-
lyzer is appropriate for extended stud-
ies on potential Hg vapor exposure in
the laboratory or workplace.

NIOSH recommends a warning sign
be posted in any work area where
there is potential exposure to Hg:
“WARNING! MERCURY. High Concen-
trations are Hazardous to Health.
Maintain Adequate Ventilation.”

Self-Testing of Blood
Glucose Helps Diabetics

In recent tests at a major New York
research center, diabetic patients were
encouraged to do a little analytical
biochemistry—on themselves. The re-
search, conducted at the Rockefeller
University by Charles M. Peterson
and his colleagues [Diabetes Care, 2,
329-35, 1979], has demonstrated the
feasibility of improved blood glucose
control with self-anal

Traditionally, patients ha\t moni-
tored their blood sugar levels with lab-
oratory blood tests and urinalyses.
The former are slow and expensive,
and urinalysis will only indicate a hy-
perglycemic condition when blood
sugar is so high it has exceeded the
kidneys' ability to filter it out. Dr. Pe-

terson points out that trying to main-
tain a proper blood sugar level with
urinalysis is a little like trying to drive
a car at a speed of 30 mph when the
speedometer only works at 70 mph or
greater.

The self-administered test for blood
glucose is a product of enzyme re-
search, and has led to an improvement
in the ability of patients to routinely
correct for abnormalities in their
blood glucose levels with an accuracy
that was not formerly possible. Doc-
tors hope that such self-analysis will
greatly facilitate regulation of diabetes
and increase the likelihood of the at-
tainment of a degree of control ap-
proximating euglycemia, a normal

The Rockefeller University on Manhattan's East Side as seen from the air
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The little Chem/Meter:
big on accuracy:

Take a look at all the outstanding features
in our Series 20 Chem/Meter hydraulic
diaphragrn metering pump:

Metering accuracy within = 1%.

Steady. continuous feeding of clear

fluids.

Capacities of 14.7 ML/min.

Pressures to 1500 psi.

Zero to 100% capacity adjustment

while operating.

Totally enclosed, leakproof design.

Wetted parts made of corrosive

resistant stainless steel with sapphire

ball-seats and teflon diaphragms.

Measures only 101" % 5" x 31",
The Series 20 Chem/Meter is ideal for
machinery that requires the injection of
precisely measured liquids. These include
plastics, pharmaceuticals, chemical
process. foods. beverages and fertilizers. *
For larger measuring requirements from
2310 3024 ML/min we have the Series
200 Chem/Meter. You can get all the de-
tails on the reliable Chem/Meter line by
calling or writing Crane Co.. Chempump
Division, Warrington, Pa. 18976.

. CRANE, CHEMPUMP,
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Avtomated Measuring 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 fully automated AVS/PA will test up to 30 different samples without operator
supervision. Select the program and let it go! Variable program capabilities
include: number of rinses, number of repeat , test p ire,
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 500 ¢ ST

Semi-A d also Building block concept allows expansion
from basic unit to fully automated unit.

SCHOTT
tet! AMERICA

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

SEND FOR DESCRIPTIVE
COLOR BROCHURE NOW!
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blood sugar level. Many physicians be-
lieve an improved ability to prevent
swings in blood sugar may prevent the
usual complications of diabetes, in-
cluding heart disease, blindness, cata-
racts, blood vessel damage, nerve dis-
orders, and kidney damage.

Such improvement in control is af-
forded by the use of reagent strips
produced by a number of manufactur-
ers. In one type of reagent strip, a
drop of blood is placed on a semi-per-

‘ meable membrane. Blood cells do not

pass through the membrane, but
blood filtrate is exposed to the reagent
system underneath. Glucose oxidase
in the reactive area dissolves in the fil-
trate, converting any glucose present
to gluconic acid. Hydrogen, removed
from the glucose in the glucose oxi-
dase reaction, combines with atmo-
spheric oxygen to form hydrogen per-
oxide. In the presence of peroxidase,
the hydrogen peroxide oxidizes chro-
mogen indicator, producing gray to
blue-purple colors. The color may be
visually compared to a color chart or
analyzed in a reflectance colorimeter.

In the Rockefeller University study,
patients were taught to monitor their
own blood glucose with the reagent
strips and were encouraged to main-
tain their blood glucose level between
70 and 140 mg/dL. They were also
taught to calibrate exercise, food, and
insulin in terms of their effects on
blood glucose levels. For example, a
given type of candy would be found
to increase a patient’s blood sugar by
about 20 mg/dL. The patient could
then use three of these candies to cor-
rect a hypoglycemic episode. Patients
were encouraged to perform similar
experiments with various types of
foods. And blood glucose response to
exercise and to particular doses of in-
sulin was tested in a similar fashion
by each patient. They were encour-
aged to perform blood tests before and
one hour after each meal and to adjust
their glucose levels when necessary
with the variables at their command.

At the end of the study, Peterson
concluded that improved control of
blood glucose through the program of
patient-monitored blood sugar had
been demonstrated and that systolic
blood pressure, alkaline phosphatase
concentration, and nerve conduction
abnormalities had been ameliorated.
Peterson also suggested that the pro-
gram was cost effective through the
avoidance of diabetes-related hospi-
talizations that would occur in the ab-
sence of the close control made possi-
ble by the patient self-monitoring.

As Peterson puts it, “It gives people
a chance to do something about their
condition. That’s what makes people
with chronic diseases depressed—the
sense of helpl and hopel
that comes with any chronic disease.”




Now when

you think
powerful IR
analysis, think
compact.

Presenting the Beckman
Microlab™ 620 MX Computing
Infrared Spectrophotometer.
An incredibly powerful and
versatile analytical instrument
designed in a uniquely compact
and easy-
to-operate

floppy

disk data

storage

center, and Y
totally preprogram-
med and interfaced
software systems.

Besides drastically re-
ducing space requirements, the
Microlab 620 also slashes cost,
lab work time and training
requirements.

The more you use the
Microlab, the more powerful it
becomes. It can analyze, code
and store a virtually unlimited
number of spectra
for qualitative

configura-
tion.

There
is nothing
else like it.
Packed into
its three-

comparison. It
does sample identi-
fication without
the need for sep-
aration. Plus, the
Microlab memo-
rizes and recalls at

foot frame
is the ana-
lytical horsepower of a
mainframe external computer,

the push of a
button a virtually
unlimited number of quanti-
tative protocols.
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" matter
what your
area of anal-
" ysis or range of
; applications, the
Microlab’s spectral
library can be personal-
ized to meet your lab’s
needs.

The Microlab also features
multiple data output, fully
automatic operation, repetitive
scan and a whole lot more.

So if you think unlimited
analytical capability requires
unlimited space, money and
time, think again. Then call your
local Beckman representative
for the full story on the
Microlab 620 MX. Or write:
Scientific Instruments Division,
Beckman Instruments, Inc.,

P.O. Box C-19600, Irvine, CA
92713.
Innovation in IR since 1940

BECKMAN
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A Sound Bank of Sclence
from the
American Chemical Soclety

MAN and MOLECULES Cassettes:

An easy way to keep up with what's
happening in science

Outstanding scientists are
interviewed in language that
everyone can understand. Each
cassette has two 15-minute

programs.
Single Cassette $6.95

Any Elghi—Ninatesn Cassettes $5.95 cassere
Any 20 or more cassettes $4.00cassette

10% discounl Il payment accompanies order
Calltornia residents add 6% State Use Tax.

NAME

ADDRESS

ey STATE I3
*Annual Cassette Subscriptions Also Available

select your choices and mail to

Dept. M&M

American Chemical Society
1155 16th St.,

Wuhlngton, D.C. 20036
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SCIENCE AND SOCIETY

THE NATURAL WORLD

O World Energy Dr. G.T. Seaborg
The Recycle Society Dr. G.T. Sabovq

O The Defensive World of Insacts Dr. T. Eisner
Mold In the Graln Or. W. Niehaus

O Sclence and the Future Dr. L Pauling
Society and the Futurs Dr. L. Pauling

O The Unsteady Sun Dr. J M. Mitchell
Climatic History On lce Dr. B. Parker

3 Consumer Sclenca Dr. C. Synder
Think Metric Mr. J. Odom

T Plants: Chemical Treasure Chest Dr. L Zalkow
The Flowering Mystery Dr. C. Cleland

D Urban Technology Dr. H. SchullzJ

T Lie At High Temperaturs Part | Dr T Brock

Sclence for the D. Hadary

Life At High Part Il Or. 1. Brock

“ O Starch: Versatils Resource Dr. W. Doane

Green Factories Or R Buchanan

HEALTH AND MEDICINE 2 Chesapeake B;y Fur. MG. Gross
1. R. Fiske
O Cholesterol and Hearl Disease Dr. B. Brewer Z Climate and Food Dr. W. Decker

Heart Disease and Blood Flow Dr. D. Schneck

Plants and Dr J. St John

T Trace Metals and Aging Dr. G. Eichhorn

C: Foods for the Future Or R. Wiley
Proteln Dr. J. Litchheld

Diabetes: The Recaptor Problem Dr. J. Roth

. Glaucoma Dr. C. Kupfer
Vislon and Vitamin A Dr. G Chader

O Halting Emphysema Dr. J. Powers
Pulmonary Fibrosis Or R. Crystal

SCIENCE AND SPACE

O The Stopped Heart: Assessing CPR Dr. M. Weisteid! -
Sickle Cell Drs. W. Eaton and J. Hofrichter

= Nuclear Help for Archaeology Dr. G Harbotile
Lessons From Pottery Dr G. Harbotlle

1 Improving Spacial Infant Care Dr. M. Simmons
Building Better Bones Dr. L. Hench

= Human Lessons From Bacteria Dr D Koshland
The Modifiable Brain Or. D. Cohen

Z2 Hearing and Noise Pollution Or R. Boston
Windows lo the Braln Dr T. Bahill

C: Taking Earth’s Temperature From Space Dr J. Price
Probing the Earth's Dr. £ Schmerli

C Drug Delivery Made Modern Dr. M. Goodman
Body Implants Dr. E. Horowtiz

13 Smoke and Fire Dr. M. Birky
Close Look at Home Fires M1 R. Land

(1 Engineering Food Addilives Or N. Weinshenker
Vitaming and Health Dr. M. Brin

O Touch and Texture Dr. £. Cussler
In the Customs Lab Mr. M. Lerner

(1 New Light on Myasthenia Gravis Or D. Drachman
and Aging Dr. G Roth

00 The Laser Speecometer Dr. B. Ware
Tracing Breezes and Bombs Or R Dietz

[ Oxygen and the Unborn Child Dr B Burns

= Synmeilc Metals Or. A. MacDarmid
: Coal to Or. MA. Vannice

Suiclde Enzyme Dr. R. Abeles

2> Monitoring Multiple Sclerosis Or. G. Mckhann
Progress In Cystic Fibrosis Dr. A Talamo

3 The Chemical Fingerprini File Or. F. McLallerty
One-Atom Chemistry Or G S Hurst

= Cataract: The Clouded Eye Dr A Spector
Nuclear Medicine Dr W. Woll

Z Biodegradable Polymers Ds. W. Bailey
Inorganic Polymers Dr. H. Alicock

C Nutrition and the Braln Or. J. Fernstrom
Chemlcal Look at Mental lliness Dr S Kely

" How Time Has Changed Sit G. Porter
with Light Dr. R Nathan

C: Diabetes and the Forgotten Hormone Dr. H Tager
s: A Progess Report Or. D Steiner

C Universe of Questions Dr J. Wheeler
From Space Or J Amold

) The Braln's Own Morphine Dr. S Snyde:
Narcotics and the Braln Or A Goldstein

€. Space Industry Mr J. von Pultkamer
Mission to Venus Dr. R. Murphy

 Cancer Drugs From Plants Drs. J Douros and M. Suliness
A Barker

= The Expanding Universe Or V Viola
Dr. E Herbst

. Earty Cancer Delection Drs J Morrison and £ Bucovaz 0 Solar Neutrino Mystery Dr. R Davis, Jr.
Cancer Drugs 01 M Colvin A Matier of Dr K Lande
ENVIRONMENT ENERGY

T Urban Impact on Water Quality Or J Konrad
National Stream Quality Update Dr. J Pickering

Z Solar Thermal Energy Mr. JD Wallon
Coal Furnaces: Think Small Or A Squires

O Water Weeds Dr. D Martin
The Red Tide Or. D. Martin

7 Sunlight + Waler = Energy Or M. Wrighton
Ocean Energy M. E Francis

O Acid Raln Dr. J Galloway
Carbon Dioxide and Climate Mr D. Siade

O Fusion: The Enginesring Challenge Or J Clarke
Batteries for Energy Storage Or. G. Pexdirtz

O Pollution Health Eftects Drs. J. Graham and L. Reiter
The Environment Bank Dr G Goldstein

O Energy-Efficlent Aulos Dr G Mannella
Fuel Cells — Problems and Progress Or_J. Belding

O Drinking Water Worries Or J 0 Conoer
Water

C National Coal Resource Survey Dr. C Masters
Coal D

Problems Dr W Glaze

r

0 The Sewage Sludge Dilemma Mr R Bastan
Pollution trom the Strests Mr. S Pienn

O Recycling Waste Oll Mr D. Becker
Oil Recovery Dr L Duda

O Improved Pest Control Dr R Metcalt
in

O Green Thumb Energy Or D. Klass

the Envi Or. R Metcalt

O Marine Microbes and Ol Pollution Dr R Cobwell
Road Salt — Problems and Alternatives Mr H Masters

Tapping the Oceans Dr. 0 Roels
O Fusion: An Update Dr R Parker
Geothermal: Fire in the Earth Mr_P. Witherspoon
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The ACS Bestseller —

Understanding
Chemical Patents

A GUIDE FOR THE INVENTOR

“Dr. John T. Maynard, with over a
dozen patents to his credit,
masterfully and systematically
explains simply and accurately in
non-technical language, many of
the key points of patent law . . .
reading the text in its entirety at one
sitting [is]a pleasure, if not a
compulsion . . . designed for
chemists and chemical engineers,
and not for lawyers . .. a gem, which
no library or research laboratory
should be without.”
JOURNAL OF THE PATENT OFFICE SOCIETY
February 1979

“Written for practicing chemists and
chemical engineers interested in
obtaining a patent on a new
process or tool. Explains special
jargon used in patents to facilitate
dealings with patent attorneys,
agents, and technical liaison
personnel.”

JOURNAL OF PETROLEUM TECHNOLOGY
January 1979

By John T. Maynard

—

“John Maynard has put into simple

understandable language the basic

philosophy on which patent systems
are based.”

THE CHEMIST
July 1978

el "";
‘AWHmJ

“While this book is written for
chemists and chemical engineers,
much of the information should be

useful to people in other fields.

RESEARCH MANAGEMENT
October 1978

“This book is short, concise, and
tells how to read, understand and
use patents as a source of
information. How to recognize an
invention, work with lawyers in
seeking patent protection for an

“This compact book . .. includes
practical tips, examples. . . plus

examples of frequently encountered

documents and forms . .. should be
equally helpful in understanding

mechanical and electrical patents.”

INVENTION MANAGEMENT
June 1979

invention. We heartily recommend
this book. Reading it will teach you
how to get the most use out of
patents.”

YOUR CONSULTANT
July 1978

In clear, down-to-earth style, this practical book shows how to read and
understand patents, use them as a source of information, and to recognize that
an invention has been made. It also discusses how to work with attorneys or
agents in seeking patent protection for inventions, and includes a glossary of
defining patent terms and abbreviations. Hardbound, 146 pages. .. $12.50

CONTENTS

. Introduction: the purposes of patents
How to read a patent

. Patents as an information source

. Prosecuting the patent application
. Interferences; the importance of records

©CE®NOUIHWN -

10.

13. Trends in patent law

PLUS bibliography, location of organizations listed, glossary and abbreviations.

. Deciding whether to file a patent application ~
. Obtaining patent protection: the independent inventor
. Preparation of the patent application; determination of inventorship

. Patent infringement; understanding patent claims

Making use of patents; enforcement and licensing

11. The employed inventor; assignments and employment agreements
12. Copyrights, trademarks, and trade secrets; design and plant patents

CALL TOLL-FREE: 800-424-6747
or use the coupon below to speed your order

American Chemical Soclety

Yes! Please send me
ical Patents @ $12.50 each.

1155 Sixteenth Street, N.W.
Washington, D.C. 20036

copies of Understanding Chem-

Address

1
]
|
i
1
1
1
)
|
! Name
i
1
1
|
]
]
.

City, State, Zip
Calffornia Residents please add 6% sales tax.
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QA button,

gef this
particle
profile

With any carrier, liquid or dry, the new HIAC PA-720 delivers the most
comprehensive particle size analysis a single system can give you.

HIAC's new PA-720 Particle Size
Analysis System counts, sizes,
analyzes, summarizes. It computes,
prints and plots. It gives you
expanded-scale close-ups. Its
powerful microprocessor provides
insight into particle population and
volume (weight) distribution in any
carrier. Immediately.

In applications across the board—
research, materials control, production
control—the HIAC PA-720 overcomes
long-standing restrictions. Your
powder sample can be analyzed in
water, alcohol, air, inert gases,
solvents—even viscous oils. No
electrolyte is needed. State-of-the-art
light-blockage sensors size and count
particles one at a time from 1um to
2500um with 24-channel character-
ization. And calibration is assured by
traceability to NBS and 1SO.

Multiple Data Outputs. Both printed
and plotted size distribution data is
provided. Replicate runs are
automatically averaged and key
information summarized. Included are
particle diameters, background-
corrected counts, standard deviation,
and statistical profile by number and
volume (weight). X-Y plots are
presented in any of six modes. And you
can pre-set values for production
control, and be alerted

when tolerances are

exceeded.

S
No other system tells you

s0 much about so broad

arange of samples in so wide a
choice of carriers. And no other
system works so precisely, so quickly,
so easily.

Ask us to show you. Write or call for
literature and a free demonstration on
your material, in your lab. See how
simple particle size analysis has just
become. -

HIAC PA-720 Particle Size Analysis System: from right,

vacuum sampler, analyzer-data processor, data printer, plotter.
Pressure sampler and dry sample feeder also available.

QBGFIC

SCIENTIFIC ®

Hlac “;NSTRUMENTS DIVISION

P.O. Box 3007, 4719 West Brooks Street, Montclair, CA 91763; Phone: (714) 621-3965
Pacitic Screntitic Inc., Hauptstrasse 132. PO. Box 69, CH-4450 Sissach, Switzerland; Phone: 061-984405
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Pittsburgh Conference

Atlantic City, N.J.
March 10-14, 1980

“New Look in Analytical Chemistry
and Applied Spectroscopy” is the
theme of the 31st Pittsburgh Confer-
ence on Analytical Chemistry and Ap-
plied Spectroscopy, which will be held
in the Atlantic City Convention Cen-
ter, Atlantic City, N.J., on March 10-
14, 1980. T'he 90 technical sessions
scheduled include 16 planned sympo-
sia and a total of 800 papers. The Ex-
position of Modern Laboratory Equip-
ment will feature more than 400 ex-
hibitors in over 1000 booths showing
the newest analytical instrumentation
and related chemicals. This year the
exhibits and technical sessions will
continue simultaneously from Mon-
day morning until Friday noon.

The following symposia have been
arranged and will be presented as part
of the technical program:

Advances and Applications of High
Resolution Chromatography, ar-
ranged by Curt White, U.S. Depart-
ment of Energy, and William Suits,
Varian Instrument Division

Therapeutic Drug Monitoring, ar-

ranged by Rita Windisch, Mercy
Hospital
Practical Solutions to Quantitative
Capillary Gas Chromatography,
arranged by John Q. Walker,
McDonnell Douglas Research Labo-
ratories, and William Suits, Varian
Instrument Division
Analytical Support for Bioassay
Involving Mutagenicity and Car-
cinogenicity, arranged by Robert
W. Freedman, U.S. Bureau of Mines
Safe Drinking Water, Legislation,
and Related Chemical Analysis,
arranged by Robert W. Freedman,
U.S. Bureau of Mines
Preparative Liquid Chromatogra-
® phy—New Support for the Ana-
lyst, Synthesist, and Spectrosco-
pist, arranged by Peter C. Talarico,
Waters Scientific Limited
ASTM E-42 Advances in Quantita-
tive Surface Analysis of Materi-
als, arranged by Yale E. Strausser,
Hewlett-Packard
Ton Beams and Synchrotron Radia-
tion for Surface Analysis, ar-

ranged by David M. Hercules, Uni-
versity of Pittsburgh
Analytical Instrumentation—Evo-
lution in the Last 40 Years, ar-
ranged by Joseph Feldman, Du-
quesne University and L. Ettre,
Perkin-Elmer Corporation
Innovations in Mass Spectrometry,
arranged by Frank W. Plankey,
University of Pittsburgh, and Ben
Freiser, Purdue University
The Current State of Analytical
Voltammetry, arranged by Howard
Siegerman, EG&G Princeton Ap-
plied Research
Licensing, Accreditation, & Regu-
lation: The Impact of Govern-
ment on Analytical Chemistry,
arranged by Gerst Gibbon, U.S. De-
partment of Energy, and Harold
S y, Koppers Company, Inc.
Quality Assurance in Trace Organ-
ic Environmental Measurements,
arranged by David H. Freeman,
University of Maryland, and Wil-
liam Suits, Varian Instrument Divi-
sion
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News

\
Herbert A. Laitinen will receive SACP
special award for his significant con-
tributions to the field of analytical
chemistry

Computer Software for Scientists,
arranged by Frank W. Plankey,
University of Pittsburgh

Dal Nogare Award Symposium, ar-
ranged by Mary E. Kaiser, E. 1. Du
Pont

Coblentz Award Symposium, ar-
ranged by Ira Levin, National Insti-
tutes of Health
The Society for Analytical Chemists

of Pittsburgh (SACP) will present a

special award to Herbert A. Laitinen,

Editor of ANALYTICAL CHEMISTRY

and Graduate Research Professor at

the University of Florida in Gaines-
ville, for his outstanding contributions
to the field of analytical chemistry, his
excellence in teaching, his editorial
contributions to ANALYTICAL CHEM-

ISTRY, and for the example he has set

for the younger generation of analyti-

cal chemists. Dr. Laitinen’s research
interests include electroanalytical
chemistry, with emphasis on surface
chemistry, molten salt chemistry, and
environmental chemistry.

The Spectroscopy Society of Pitts-
burgh will present its 1980 Spectrosco-
py Award to Harold J. Bernstein, who
recently retired from the National Re-
search Council of Canada. Dr. Bern-
stein had a distinguished 32-year ca-
reer in infrared and Raman spectros-
copy and nuclear magnetic resonance.
He will be cited for his contributions
in these fields and on a variety of
other subjects, including vibrational
spectra and assignments, Raman tech-
niques and spectra, the resonance
Raman effect, internal rotation and
the energy of differences between ro-
tamers, NMR spectroscopy, and bond
properties and physical properties of
molecules.

Other awards to be presented dur-

ing the Conference will be listed in the
Conference preliminary program in
December. The social program and
technical tours will also be listed in
the preliminary program.

Advanced registration is urged.
Registration forms mailed before Feb-
ruary, 1980, will be processed so that a
badge, vouchers for the final program,
abstracts, and souvenir are mailed to
the conferees. Registration fees are
$10 for advanced registration, $20 for
registration at the Conference, and
$3.00 for students. A pocket admission
tab for the exposition only will be
available free of charge. Registration
forms may be obtained from the pre-
liminary program or by writing to Dr.
Frank W. Plankey, Department of
Chemistry, University of Pittsburgh,
Pittsburgh, Pa. 15260. Return the
completed registration form and the
$10 fee to Dr. Plankey.

Housing forms may be obtained
from the preliminary program or by
writing to Mr. Ralph Raybeck, 4376
Frank St., Pittsburgh, Pa. 15227,

An employment bureau will be
available to all registrants without
charge. Job candidate and employer
forms are available from Mrs. Marilyn
V. Senneway, 405 Carmel Drive, Ali-
quippa, Pa. 15001,

The Spouses Program will be listed
in the preliminary program. Addition-
al information can be obtained from
Mrs. Louise A. Manka, 1109 Lancaster
Ave,, Pittsburgh, Pa. 15218.

Conference preliminary programs
will be mailed to the conferces who at-
tended the Pittsburgh Conference
during the past three years. Prospec-
tive conferees should write to Mrs.
Linda Briggs, Program Secretary, 437
Donald Rd., Pittsburgh, Pa. 15235, for
a copy of the program.

Further information on the meeting
can be obtained from Dan P. Manka,
Publicity Chairman, 1109 Lancaster
Ave., Pittsburgh, Pa. 15218,

Helen Free Wins Garvan
Medal

Helen Free, called “a pioneer in the
field of diagnostic chemistry™ and “an
outstanding scientist, author, and
teacher™ by her colleagues, is the win-
ner of the 1980 Garvan Medal spon-
sored by W. R. Grace & Company.
The Medal is given to recognize dis-
tinguished service to chemistry by
women chemists, and consists of
$2000, an inscribed gold medal, and a
bronze replica of the medal.

Free has been employed at Miles
Laboratories and at their Ames Com-
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Helen Free

pany division continuously for the last
25 years. During that time her work in
research and development of conve-
nient test systems involving chemical
reagents and accompanying instru-
mentation has led to a great number
ol publications and patents.

Her work led to the expansion of
the convenient tablet tests for urinaly-
sis begun in the early 1940's by Dr.
Walter Compton, and to the introduc-
tion and expansion of dip-and-read
tests for various urinary constituents,
now used as standard test procedures
in clinical laboratories throughout the
world.

After a successful two-decade career
in the laboratory, Free has more re-
cently chaired New Product Manage-
ment Committees at Ames which,
under her supervision, have intro-
duced over 40 new products and prod-
uct improvements. These have includ-
ed chemical reagents, microbiology re-
agents, and instrumentation for blood
chemistry, histology, and cytology, as
well as urine study.

Free has taught biochemistry and a
course on body fluids for medical
technologists at Goshen College, and a
continuing education course on man-
agement at Indiana University in
South Bend. Most importantly, she
has defined new teaching techniques
for teachers of clinical chemistry,
medical, and medical technology stu-
dents, and has conducted creative
workshops in clinical studies in the
U.S., India, Pakistan, and Malaysia.
Helen and Alfred Free are coauthors
of *Urinalysis in Clinical Laboratory
Practice™ (1975), considered a classic
in its field.

“By her own example,” states a col-
league, “'she has championed the cause
for women in science and serves as an
excellent role model for others to
follow.™




Once you pick up the new Thomas catalog,
. y0&1 won't want to put
it down.

7] 10MAS
SCIENTIF
APARAT

The plot of this book is very
interesting but it's no mystery. It's
clearly to make lab apparatus
shopping easier for you.

This 1980 edition lists 19,192
apparatus items—3,344 new since
the last catalog printing—and
2,868 reagents. There's a total of
1,512 pages of valuable purchasing
information about products from
many manufacturers, including
our own brands.

The Thomas catalog format is
similar to an encyclopedia's.

Items are listed alphabetically and
assigned numbers. The lowest
number is the first item listed and
the highest is the last item. Number,
product name and price are on
asingle line.

In addition, the catalog has
clear, detailed product descriptions

with photographs or sketches
and, occasionally, a diagram to
give you a better understanding
of the item.

When you need laboratory
apparatus, our catalog will provide
the information you require to
shop more intelligently. For your
free copy, write us on your company
letterhead. Arthur H. Thomas
Company, Vine Street at Third,
Philadelphia, PA 19106.

ARTHURH.

THOMAS

COMPANY
Serving labs the world over since 1900
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/A This photo of the new PC4400 balance dg"nb‘
one of the great benefits of DeltaRangél Her
big-capacity balance-—4000 g—-welghlng
fluid with .01 g raudabllhy although the bal.
; already has nearly 1000 g tared intoit.
It is weighing the drop on the 400 ¢ g DeltaR
press the control bar, the full 400 g fine range will be
available again. And again. And again. Items that weigh

balance can do all your weighing.
Because PC Series balances areavalla
plug-in mlcroproceaso ased pp

B/ V) Lyl
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News

Correction: In the IR spectrum
shown in Figure 6 in THE ANALYTI-
CAL APPROACH, September, page
1129 A, the curve itself was inadver-
tently rotated by 180 degrees in the
plane of the paper.

Call for Papers

12th Annual Symposium on Ad-
vanced Analytical Concepts for
the Clinical Laboratory
Oak Ridge, Tenn. April 24-25, 1980.
Papers on new ideas or new technolo-
gy relating to the clinical laboratory
are invited, and those describing com-
ponents or systems that can be used in
advanced technology may be consid-
ered. A 150-200 word abstract should
be submitted by Jan. 15, 1980 to:
Charles D. Scott, Oak Ridge National
Laboratory, P.O. Box X, Oak Ridge,
Tenn. 37830. Accepted papers must be
available in a form suitable for publi-
cation at the time of presentation. The
papers will be subjected to normal edi-
torial review before being published in
Clinical Chemistry.

Symposium on the Legal Implica-
tions of Environmental ASTM
Standards for Forensic Purposes

Milwaukee, Wis. June 13-14, 1980.

Papers are solicited to describe previ-

ously unpublished material on topics

including claims and litigations, per-
mit problems, and legal questioning of
analytical results. A special technical
publication on the symposium pro-
ceedings is anticipated by ASTM.

Prospective authors are asked to sub-

mit an abstract and ASTM offer form

by Dec. 1, 1979 to Dr. Alan P. Bentz,

U.W. Coast Guard Research and De-

velopment Ctr., Avery Point, Groton,

Conn. 07340. Manuscripts for the pro-

gram are due May 1, 1980.

7th International Symposium on
Mass Spectrometry in Biochem-
istry, Medicine and Environmen-
tal Research
Milan, Italy. June 16-18, 1980. All the
latest aspects of mass spectrometry
and their areas of application are
within the scope of the symposium.
Those authors wishing to present a
communication are requested to sub-
mit the title and an abstract of up to
200 words before Jan. 25, 1980 to: Dr.
Alberto Frigerio, Istituto di Ricerche
Farmacologiche Mario Negri, Via Eri-
trea, 62-20157 Milan, Italy. The Pro-
ceedings will be published by Elsevier.

Meetings

® Recent Advances in Mass Spec-
trometry in Analytical Chemis-
try. Feb. 6, 1980. London. Contact:
The Secretary, Analytical Divi-
sion, Chemical Society, Burlington
House, London W1V OBN, En-
gland

® Research and Development Top-
ics in Analytical Chemistry.

April 1-2, 1980. Kent University,
Canterbury, England. Contact: The
Secretary, Analytical Division,
Chemical Society, Burlington
House, London W1V OBN, En-
gland

Modern Techniques for Surface
Characterization. April 9-11,
1980. University of Durham, Dur-
ham, England. Contact: The Secre-
tary, Analytical Division, Chemi-
cal Society, Burlington House,
London W1V OBN, England

Machlett’s

New Dual-Target
Spectroscopy Tubes

Improved direct replacement for
GE/DIANO EA-75

* DTS — 75A for Air-Helium Spectrometer
* DTS — 75V for Vacuum Spectrometer

Increased cooling has been designed into the anode structure of these
beryllium window x-ray tubes that are rated for operation up to 75 kVp.

Tungsten and chromium targets are standard. Other combinations can
be provided on special order.

The standard 0.010” (0.25 mm) Be window can be replaced with 0.005"
(0.125 mm) for long wavelength radiation on special order.

For data sheets, prices and deliveries contact:

Product Manager, Industrial X-ray
The Machlett Laboratories, Inc.

1063 Hope Street

Stamford, Conn. 06907

Tel: 203-348-7511 TWX: 710-474-1744

The Machlett Laboratories, Incorporated
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Get meaningful signal analysis through
complete annotation of accurate data.
Introducing the Gould ES 1000.

The new Gould ES 1000 electrostatic analog recorder 40 microseconds and flat frequency response from DC to
automatically makes the exact chart notations you require  at least 10 kHz across all 16 channels.
for determining the nature of your signals. Chart speeds, For accuracy, the fixed electrostatic linear array of the
amplifier sensitivity settings, units of measurement, real ES 1000 generates its own grid pattern at the same time it
time, and test identification are all printed exactly accord- is producing the high resolution 100 dots per inch trace.
ing to your preprogrammed instructions. Even when you Traces overlap allowing all channels to record full scale across
make additional, immediate notations through the auxiliary  the 10" wide writing area. The unique 1000 electrode head

keyboard, there's no need to touch the chart or stop the climinates pens, ink, and other moving parts that might have
recorder. the potential for trouble.

You'll also find the rugged, dependable Gould ES Find out more about how meaningful your signal
1000 is a versatile performer whatever your application. analysis can be with the new Gould ES 1000. Write Gould
Plug-in signal conditioners provide accurate monitoring of  Inc. Instruments Divison,
a wide range of input functions. There’s even an optional 3631 Perkins Ave., -) G OULD

plug-in digital converter. You get a peak capture capability of ~ Cleveland, Ohio 44114,
An ElectricallElectronics Company
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News

@ Ist International Workshop on
Trace Element Analytical
Chemistry in Medicine and Biol-
ogy. April 27-29, 1980. Neuher-
berg, Fed. Rep. of Germany. Con-
tact: P. Schramel, Gesellschaft
fuer Strahlen- und Umuwelt-
forschung Physikalisch-Tech-
nische Abteilung, Ingolstadter
Landstrasse 1, D-8042 Neuher-
berg, F.R. Germany. Page 1198 A,
Oct.

® {th Symposium on Ion Ex-
change. May 27-30, 1980. Balaton
Lake, Hungary. Contact: J. Incze-
dy, Organizing Committee, 4th
Symposium on Ton Exchange,
P.0.B. 28, Veszprem, Hungary H-
8201

m 10th Northeast Regional ACS
Meeting. June 30-July 3, 1980.
Clarkson College, Potsdam, N.Y.
Contact: Tom McKinley, Clarkson
College, Potsdam, N.Y. 13676

® 6th International Conference on
Thermal Analysis (ICTA ’80).
July 6-12, 1980. Bayreuth, Fed.
Rep. of Germany. Contact: 6th
ICTA '80, Postfach 1120, D-8672
Selb, Fed. Rep. of Germany

® 38th Annual Electron Micro-

scope Socicty of America Meet-

ing and 15th Annual Microbeam

Analysis Society Meeting. Aug.

4-8, 1980. San Francisco. Contact:

David C. Joy, Bell Telephone Lab-

oratories, Murray Hill, N.J. 07974

7th Annual Meeting of the Fed-

eration of Anafytical Chemistry
and Spectroscopy Societies

(FACSS). Sept. 7-12, 1980. Phila-

delphia. Contact: J. A. Williamson,

Du Pont Co., Instrument Products

Div., Wilmington, Del. 19801

Trace and Ultratrace Analysis.

Sept. 23-25, 1980. Cardiff, En-

> gland. Contact: The Secretary, An-

alytical Division, Chemical Soci-
ety, Burlington House, London
W1V OBN, England

Short Courses

University of Houston Courses. Con-
tact: S. Deming, Department of
Chemistry, University of Houston,
Houston, Tex. 77004. 713-749-4809

Fundamentals of Experimental De-
sign

U. of Houston. Dec. 3-4. S. Deming

and S. Morgan. $300

Sequential Simplex Optimization
U. of Houston. Dec. 5-6. S. Deming
and S. Morgan. $300

An Experimentalist’s Approach to
Liquid Chromategraphy

U. of Houston. Dec. 10-11. R. Henry

and B. Bidlingmeyer. $300

Liquid Chromatography: Separa-

tion plus Spectroscopy
Cincinnati. Dec. 10-14. W. Shumaker.
$625. Contact: Ann Woolley, Finnigan
Institute, 11750 Chesterdale Rd.,
Bldg. 5, Cincinnati, Ohio 45246. 513-
772-5500

The Center for Professional Advance-
ment Courses. Contact: Mary Sobin,
Dept. NR, The Center for Profession-
al Advancement, P.O. Box H, East
Brunswick, N.J. 08816. 201-2:49-1400

Fine Particle Measurement

E. Brunswick, N.J. Jan. 7-11. T Allen.

$770 (5 days), $650 (4 days)

Thermoanalytical Methods
E. Brunswick, N.J. Jan. 14-16. Miller.
$490

Electroanalytical Chemistry
E. Brunswick, N.J. Jan. 14-17. G.
Ewing and M. Miller. $620

Micropr s and Micr
ters
Atlanta. Jan. 15-18. E. R. Garen and
S. Smith, $695. Contact: ICS Enroll-
ment Office, Integrated Computer
Systems, Inc., 300 N. Washington St.,
Suite 103, Alexandria, Va. 22314.
703-548-1333

For Your Information

Highlights of a report containing an
analysis of the 1980 budget for Feder-
al research and development fund-
ing have been released by the Nation-
al Science Foundation (NSF). Copies
of Science Resources Studies High-
lights, “Total Federal R&D Growth
Slight in 1980 but Varies by Budget
Function,” can be obtained from the
Division of Science Resources Studies,
National Science Foundation, Wash-
ington, D.C. 20550. Copies of the spe-
cial report on which Highlights was
based, Federal R&D Funding by Bud-
get Function: Fiscal Years 1979-80,
can also be obtained from the Division
of Science Resources Studies, NSF.

A paper entitled “Priority Pollutant
Analysis: Comparing Cost Effec-
tiveness of GC/MS and GC” is avail-

able upon request on your company
letterhead from Finnigan Instru-
ments, 845 W. Maude Avenue, Sunny-
vale, Calif. 94086.

A report from the International Union
of Pure and Applied Chemistry
(IUPAC) Commission on Microchemi-
cal Techniques and Trace Analysis,
written by Ewald Jackwerth, on
multi-element preconcentration
from pure lead, has been published
in the May 1979 issue of Pure and Ap-
plied Chemistry (Vol. 51, No. 5, pp
1149-59). The report discusses pre-
concentration of trace elements from
pure lead by precipitating the matrix
as PbCLy, Ph(NO,). or PbSO,. A less
technical article based on the report
has been published in the [IUPAC In-
formation Bulletin (1979), No. 2, p 8.

Core Laboratories, Inc., Dallas-
based international petroleum engi-
neering company, has agreed in prin-
ciple to acquire all the outstanding
stock in Chromaspec Labs, Inc. of
Houston, Tex., for an undisclosed
number of shares of Core Lab common
stock. Chromaspec, which provides
analytical laboratory and pilot plant
services to the petrochemical, refining
and chemical industries, is expected to
operate a wholly-owned subsidiary of
Core Labs.

The National Commitee for Clinical
Laboratory Standards (NCCLS) has
published standard PSC-12, “Defini-
tion of Quantities and Conventions
Related to Blood pH & Gas Analy-
sis.” PSC-12 aids in answering the
need for uniformity and for a handy
laboratory reference. Copies of PSC-
12 are available at $9.00 each, plus
$1.00 additional per copy for out:of-
U.S. orders. Check or money order is
requested in advance. NCCLS, 771 E.
Lancaster Ave., Villanova, Pa. 19085,
215-5252435.

“Safety in Academic Chemistry
Laboratories,” Third Edition (Au-
gust 1979) is now available. The man-
ual was prepared by the ACS Commit-
tee on Chemical Safety, and provides
a benchmark as to what constitutes
safety in laboratories and elsewhere.
‘T'he first pages of text relate to philos-
ophy, facilities, practices, and policies.
The remainder of the manual is di-
rected to the student. Send $1.00/copy
to Committee on Chemical Safety,
American Chemical Society, 1155 Six-
teenth Street, N.W., Washington, D.C.
20036.
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The Jarrell-Ash
shopping guide to plasma
specirometers.

[Wheré else do you get such a selection! |

Only Jarrell-Ash makes it this easy for  of options. Virtually a custom

you to bring your laboratory into the model for every budget, every need.
Plasma Age. With five basic plasma Plasma AtomComp™ from Jarrell-Ash.
emission spectrometers to choose It's the comprehensive line.

from — plus an almost endless variety ~ Send for data today.

Extremely cost-effective tool
| for smaller facilities. PDP-8A

i
:
%

$ is our way of teling you there's a remarkable range in prices
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Ideal for industrial and

commercial lab applications. remarkable variety of needs.
PDP-8A computer. Maximum PDP-8E computer. Maximum
48 analytical channels. Dual 48 analytical channels.

floppy disks. Options: mercury

|
|
|
| Options: sample-intro
profile monitor; basic | ies; i
|
|
I

ac

|
|
|
|
|
- - - I' Versatile performer for a
|
|
|
|

data-management functions.

storage-&-retrieval; statistics.

Model 1160

|
A veritable plasma |
powerhouse for sophisticated |
research. Multi-user, 1
multi-tasking, real-time system

produces, manages data !
efficiently, fast. PDP-11/34
computer with RSX11M-based

operating system. Maximum 61
analytical channels. Options:

| muttiple-point automatic
background correction.

Jarrell-Ash Division
Fisher Scientific Company
__________ 590 Lincoln Street

Waltham, Massachusetts 02154
& modei for every size and kund of facity Phone (617) 890-4300
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Robert G. Smerko
Department of Public Atfairs
American Chemical Society
1155 16th Street, N.W.
Washington, D.C. 20036

Regulations

The American Chemical Society
and Regulatory Affairs

CARTER ADMINISTRATION

LATORY REFORM

Figure 1.

My remarks will cover four related
points:

« the current Administration’s efforts
at regulatory reform aimed at social
regulations;

« the need to take into consideration
the analytical chemistry component of
regulations in this reform effort;

« the role of the Division of Analytical
Chemistry in regulatory matters;

¢ ACS participation in regulatory
matters over the past three years.

My first point is regulatory reform.
Both presidential candidates in the
1976 election campaign promised that
an effort would be made at some type
of regulatory reform. Subsequent to
being elected, President Carter has
made some efforts in this direction.
This past June, in a speech delivered
at a meeting of the American Associa-
tion for the Advancement of Science,
Frank Press for the first time ad-
dressed the scientific community on
the Carter Administration’s regulato-
ry reform policy. He is the President’s
Science Adviser and the Director of
the Office of Science and Technology

Policy in the Executive Office of the
President. According to Dr. Press, we
have a regulatory structure which is
highly segmented, very aggressive and
almost totally uncoordinated. To im-
prove that structure is a major con-
cern of the Administration, the Con-
gress, and the whole nation. Dr. Press
told the audience that, without al-
tering his strong commitment to the
environment, health, safety and other
social goals, President Carter has un-
dertaken a number of initiatives to
improve the federal government'’s reg-
ulatory apparatus.

These initiatives are aimed at two
objectives: first, to ensure that the reg-
ulators and the public are informed

about the economics, the costs and
benefits of regulations; and second, to
bring as much coordination, consisten-
cy, and quality into the total regulato-
ry system as possible. The basic com-
ponent of the Carter Administration
reform effort is interagency organiza-
tion and cooperation (Figure 1).

The Regulatory Council is a recent
initiative, and it is to ensure that regu-

lations achieve their statutory goals in
the most economical manner. It is to
continually identify governmeni-wide
programs, resources, and policies that
are needed to improve the regulatory
process. President Carter announced
the formation of the Council, headed
by Douglas Costle, Administrator of
the Environmental Protection Agency
(EPA), on Oct. 31, 1978.

Another interagency activity is the
IRLG, the Interagency Regulatory Li-
aison Group, which is composed of
EPA, the Food and Drug Administra-
tion (FDA), the Occupational Safety
and Health Administration, the Con-
sumer Product Safety Commission,
and the Food Safety and Quality Ser-
vice Agency of the Department of Ag-
riculture. This group is to coordinate
the various agencies' regulatory activi-
ties and the research programs sup-
porting their missions. The IRLG was
founded in August of 1977.

A third effort is the establishment
of the National Toxicology Program
which involves the FDA, the National
Cancer Institute and the environmen-
tal health and occupational health and
safety research agencies of HEW. This
program is to set priorities for the
testing and evaluation of toxic chemi-
cals. This operation was established in
November of 1978.

And the last effort I will mention is
the Toxic Substances Strategy Com-
mittee (TSCA) that was established
by President Carter in 1977. This in-
teragency group, through coordination
by the Council on Environmental
Quality, is to develop a program that
will serve to implement the Presi-
dent’s policy of prevention of hazards
as the primary basis for controlling
toxic substances. The program also is
aimed at coordinating efforts in data
collection, research, and regulatory ac-
tion. Eighteen agencies or depart-
ments of the federal government are
involved. Their recent draft report is
being heavily criticized by industry.
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The two sweetest words
you can hear when
your lab needs furniture.

“INSTO

Fisher offers you the lab world's
finest steel furniture AND the lab
world's promptest delivery.
Reason: our giant Contempra
Fumniture Division, designer and
producer of state-of-the-art
modular units, distributed
coast-to-coast via today’s most

advanced order-handling system.

Contempra™. Standard of
excellence in the industry. The

most value for your furniture dollar.

And IN STOCK for immediate
delivery. Over 100 different units.
From fume hoods to space-saving
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CK?

corner cupboards to versatile
mobile carts. In handsome colors.
With choice of eight different
worktops, including
stainless-steel and unique
super-tough full-color Epoxyn™.
To order, call 800-245-6897
today. Ask for Daniel Burgwin.
In Pennsylvania and Alaska call
412-349-3322 collect.
A Contempra specialist will be at
your service.

Fisher Scientific Company
Contempra Furniture Division
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INTERAGENCY REGULATORY
LIAISON GROUP
IRLG

Figure 2.

Dr. Press has made a strong case for
more involvement in the regulatory
process by professional societies as
well as individual scientists and engi-
neers. Their contributions are needed
for two reasons: to provide the soun-
dest scientific knowledge upon which
regulatory policies can be based; and
to enhance the public confidence that
is necessary for the implementation of
those policies. I assess this situation as
an opportunity for a new level of in-
volvement that will allow the scientific

R

tire analytical chemical community so
that the best regulations are written.
Should the IRLG be the group to
address analytical chemical measure-
ment issues? I believe the answer is
“yes.” The IRLG is a combination of
five agencies that deal with 25 laws,
many of which turn or pivot on analyt-
ical chemical data. This also is the
group which has received the charge to
eliminate waste, duplication and in-
consistencies in regulations; to devel-
op compatible testing guidelines and a

and technical ¢ ities.

approach to risk assessment;

analytical chemists, to become an ef-
fective force in regulatory affairs.

Is there a need for regulatory re-
form, that is, improved quality in the
analytical chemical measurement as-
pects of regulation? Let's consider the
IRLG and its activities (Figure 2). The
Department of Public Affairs has at-
tempted to determine what activities
are underway in the IRLG involving
analytical chemical measurements,
but we have not been able to identify
any major effort in this regard.

There is a need for an interagency
group that would deal with questions
of policy involving analytical chemical
measurements and strive for coopera-
tion among agencies, consistency, and
favorable cost/benefit relationships in
regulations. A good example of where
an interagency effort on analytical
chemistry should be active right now
is in the writing of good laboratory
practices (GLP’s) for the health ef-
fects section of TSCA. Later there will
be GLP’s for the environmental ef-
fects under TSCA as well. By EPA's
own admission, its GLP’s are more
stringent than FDA’s. Are these dif-
ferences essential? These GLP’s have
many analytical chemical aspects, in-
cluding the type of testing data to be
generated, that should be worked out
carefully and agreed upon by the en-

and to coordinate research as well as
public information activities. The in-
corporation of analytical chemical
measurements is compatible with
these charges, and should not prove to
be a formidable task for the IRLG.

Thus, it seems reasonable that the
IRLG could establish a specific work-
ing group, or whatever is appropriate,
to deal with the policy aspects con-
cerning the use of analytical chemical
measurements in the regulatory pro-
cess. Also, this group could coordinate
analytical chemistry research efforts,
and the use of analytical data in com-
pliance and enforcement.

How can the scientific and techno-
logical communities, including analyt-
ical chemists, get more involved in
regulatory matters? The answer to
this question brings me to my third
point in these remarks, the role of the
Division of Analytical Chemistry in
regulatory matters.

In my opinion, the analytical chem-
istry community, through the ACS
and this Division, should call for the
establishment of an interagency group
to deal with all matters involving ana-
lytical chemical measurements, and
call for the establishment of specific
advisory groups in analytical chemis-
try for all the regulatory agencies that
are bers of the interagency group.

The IRLG could serve as the parent
organization.

One mechanism the ACS can con-
sider to develop interest in the estab-
lishment of an interagency group on
analytical chemical measurements is
to seek cosponsorship of a forum with
the Office of Science and Technology
Policy and the IRLG to further define
the problem and develop goals, objec-
tives and definitive action plans.

In additian to calling for the estab-
lishment of an interagency group on
analytical chemical measurements, I
also think that the analytical chemis-
try community should become much
more involved in the specific regulato-
ry activities of the various agencies.
You can do this as individuals, as a Di-
vision, or as the National ACS.

Over the past year your Division’s
ad hoc Committee on Regulations and
the Department of Public Affairs have
made some progress. The REGULA-
TIONS column in ANALYTICAL
CHEMISTRY has been established as
an important vehicle through which
the analytical community can com-
municate to its own members as well
as the government. It must be main-
tained at its current level of high
quality.

The Department of Public Affairs
has provided staff support in ad-
dressing the analytical chemical as-
pects of EPA’s proposed pesticide
testing guidelines, and is assisting the
Committee on Environmental Im-
provement in its efforts to write a set
of principles for environmental analy-
sis. The Department of Public Affairs,
as a matter of standard operating pro-
cedure, alerts your Committee on Reg-
ulations to proposed regulatory activi-
ties. Very recently I participated in a
project of the Office of Science and
Technology Policy which was to draw
up a research agenda concerning the
analytical chemical measurements
connected with hazardous waste. This
level of effort, in my opinion, is not
enough. Clearly, more needs to be
done.

I would like to make some sugges-
tions that, if followed, should bring
the Division and the National ACS
into a good working partnership to
deal with federal regulations:

« Give your Committee on Regula-
tions permanent standing in the Divi-
sion.

o Give the Committee a charter that
allows it to develop policy for the Di-
vision in regulatory matters and to
formulate this policy for consideration
as Society policy. The charter should
also spell out that the Committee will
take the responsibility of reviewing
proposed regulations. In order to
make the regulatory program work,
the Department of Public Affairs staff
needs input as to what the issues and
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The quick
andeasy way
toprecisedensity
measurement.

Measure solid concentrations, density, or specific
gravity of your process liquids and gases with the
Paar DMASS density meter to assure consistent
product quality. Small 0.7 ml samples from the
process are injected, pumped, vacuum-suctioned
or continuously flowed into the sample tube. In less
than a second, the instrument calculates and dis-
plays a 5-place digital result on the readout. This
can be automatically transferred to other instru-
ments. The method is fast, simple and accurate. No
need for separate temperature, weight or volume
measurements. No pycnometer filling. Circle the
number for full details. Mettler Instrument Cor-
poration, Box 71, Hightstown, NJ 08520.

Electronic balances and weighing systems
Thermal analysis instruments
Titration instruments
Automated laboratory systems
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problems are in proposed regulations.
This holds true for any area of chemis-
try as well as analytical chemistry.

« The Committee needs to be en-
larged, so we have all the bases cov-
ered and thereby reduce the probabili-
ty of having something fall through
the cracks.

+ You need, and we need, a roster list-
ing people and their areas of expertise
so that we can call upon them when
needed.

« At each national meeting the Divi-
sion should have a forum that deals
with regulations so that you can have
an informal exchange on your prob-
lems, concerns, ideas, and needs, and
hear a report given by the Committee.
The forum setting could be simply an
open meeting of the Committee on
Regulations.

Finally. I want to briefly address my
last point. ACS’s participation in reg-
ulatory affairs over the past several
years. Before 1977 and the creation of
the Subcommittee on Regulatory
Practices of the Committee on Chem-
istry and Public Affairs (CCPA), the
Society's involvement in the regulato-
ry area was very limited. During the
period from 1972 to April 1977 only
five of the 50 policy statements issued
by the ACS were directed at the exec-
utive branch or its independent agen-
cies.

The CCPA Subcommittee’s first in-
volvement in the regulatory area, via
its Task Force on Priority Testing,
was in April 1977 when it commented
upon EPA’s draft document, **Assess-
ment and Control of Chemical Prob-
lems." Since this time, a total of 39
statements by the ACS has been re-
leased with 18 of them involving regu-
latory issues. Of these 18, 12 were de-
veloped by this CCPA Subcommittee.
The overwhelming majority of state-
ments in the regulatory area have
been directed at EPA and the imple-
mentation of TSCA. The other groups
within ACS that worked on the re-
maining statements were the Commit-
tee on Chemical Safety, the Commit-
tee on Chemistry and Public Affairs,
the Committee on Environmental Im-
provement, an ad hoc group of pesti-
cides experts, and the Committee on
Analytical Reagents.

As you can see, the ACS is getting
more involved with position-taking on
regulatory issues. Our increased in-
volvement in this area has provided a
chance for a better rapport between
the Saciety and the executive branch
of the government.

There is much to be done, and we
are capable of the task. All we need is
vour help.

Based on a presentatio symposium on “The
Analytical Chemists’ Stak deral Regula-

tions: A Survey ™ at the ACS National Meeting in
Washington, DC, Sept. 11, 1979.




HPLC NeWs:

A variable UV detector
with outstanding performance

LDC’s new
SpectroMonitor I1I
is all you have
been asking for.
Advanced optics
give true dual
beam operation
for exceptional
stability and low
noise (1.5% peak
to peak at 195 nm)

Sensitivity

to 0.005 AUES

)ﬁ' RANGE A.UF.8)
PR

Wavelength

range 190 to 350

nm

1: BARBITAL

2 : PHENOBARBITAL
3 : BUTOBARBITAL
4 : HEPTABARBITAL
5 : SECOBARBITAL

Wavelength:
235 nm

Sensitivity:
0.2 AUFS

Column:
LDC Excalibar
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Actual SpectroMonitor 111
chromatogram demonstrates
low noise and

exceptional stability.

LDC liquid
chromatography

Easy inspection,
with the cell and i
liquid connections
easily removed 4
from %
the ?
front
for
inspection and
servicing.

Price: $3890.

Werite for

brochure with
complete technical
data.

LABORATORY DATA CONTROL
Division of Milton Roy

P.O. Box 10235,

Riviera Beach, FL 33404
305/844-5241 telex 513479
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TAKING
THE WRAPS OFF
A NEW SERIES
OF GILFORD
RESEARCH
INSTRUMENTATION PACKAGES.

For you who were waiting, NOW is that “better time."

In a day when everything except the dollar is going up,
you have the opportunity to acquire a complete Gilford
system at yesterday's prices. Eight Gilford Research
Instrumentation Packages with dozens of applications
and a performance-to-price ratio that translates to real
value in today’s economy.

An example? Our Wavelength Scanning/Kinetic
System, at a price that was good last year, and which is
even a better bargain today. The ideal instrumentation
package for the researcher who recognizes the value of
high sensitivity and a 34 range in enzyme kinetics, and
who also requires high-resolution wavelength scanning.

You get the same performance/value in all the new
Gilford Research Instrumentation Packages. There are
two systems for wavelength scanning, others for kinetic
assays. Yet another for automatic sample processing with
an aspirating cuvette. And a system for scanning 20cm
gels, as well as one which uses precise thermoelectric
heating and cooling for DNA thermal denaturation -
renaturation assays of exceptional quality.

Find out how these systems can benefit your research.
Our instrumentation packages make it convenient. And
accurate. And reliable. Our prices make it a pleasure.

Gilford Research Spectrophotometers:

Every job easier, every result more accurate.
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Cancer—The
Outlaw Cell

/Richard E. LaFond, Editor

1

An esti 390,000 Ameri will die
‘of cancer this year alone and one out of
“pvery four will develop some form of this
' dread disease within their hfetime.

}Stalisﬁw such as these show the need for
abook that will explain our current state of
the art in cancer research using simple,
straightforward, non-medical lang .
Cancer — The Outlaw Cell successtuily
fulfills this need by making the latest 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.

Written by leading experts at the forefront
of their specialties and profusely illus-
drated in color, this collection of articles
covers the great strides that have been
‘made in understanding the causes of
Sancer, how this disease is spread,
:ancer as a biochemical problem, and
“on-surgical modes of therapy.

ONTENTS

ancer — An Overview, Henry C_ Ptot « Tumor Growth
1 vd Spread. Isaiah J. Fidier and Margaret L Kripke e
ol of Cell Growth m Cancer, Athur 8. Pardee and

vid S. Schneider e Cancer as a Problem in
, Amin C. Braun e Puzzing Role of Cell

1Surtaces, David |. Meyer and Max M. Burger o

and ip Rubin « Chemotherapy
Joseph H. Burchenal and Joan R. Burchenal
192 pages (1978) clothbound $15.00
LC 78-2100 ISBN 0-8412-0405-5

192 pages (1978) paspemack $8.50
LC 78-2100 ISBN 0-8412-0431-4

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

|
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' Ocoth$1500 O paper $8.50
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¥
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FLAME and ATOMIC ABSORPTION
STANDARDS

s®EX has the SOLUTIONS

Q : c for your problems. ..

prepared from Spex HiPure chemicals
assayed volumetrically or gravimetricalty
certified as to metal concentration
67 elements in 9 matrices and customized standards
for atomic absorption, x-ray fluorescence.

and lnductwely Coupled Plasma spectroscopy
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Successful
chemists
keep up with
chemistry

ACS AUDIC
COURSES

keep up with
successful chemists

The best way to keep pace with chemistry's
rapid progress is to leam from the chemists
who help make it happen

More than 35 ACS Audio Courses are
available—all prepared and recorded by
leading chemists teaching their own spe-
cialties. All courses include audiotape cas-

NOVEMBER 1979 VALD THROUGH TO VALIDATE THIS CARD, PLEASE CHECK settes and comprehensive manuals with
| MARCH 1980 ONE ENTRY FOR EACH CATEGORY BELOW: information, diagrams and other visual”
| : i 3
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MCI Automatic Trace Metal Analyzer.
Reliable, Fast and Easy. :

CIRCLE 134 ON READER SERVICE CARD

Low Dead Volume Filters
From The Zero Dead Volume
Chromatography Company

Valco Low Dead Volume Filters

Fit all injection valves

Valco Low Dead Volume Filters leature
removable 2 micron screens thal effective
ly filter particles trom chromatographic
components such as piston type HPLC
pumps using commercial quality seals and
non-Valco manufactured injection valves *
Lower pressure drop

Valco's easyto-replace hlters provide
lower pressure drop since screens are
01257 in drameter and have a coned inlet
and outlet tor uniform flow
Ideal for high temperature
operation

Valco lilters. with all stainless steel con
struction and no polymer seals. are deal
for high temperature as well as low
temperature applications

Lower cost

You Il be pleased with the price ol Vaico
Low Dead Volume Filters only $2500
Superior quality at almost hall the price
you ve been paying for hiters

With benelits like these. you should be
gelting your Low Dead Volume Filters from
the Zero Dead Volume Fitting Company
Valco Instruments

+ “An outlel il1er 15 nOt necessary with Vaico injec

1100 vaives since they are designed 1o minumize
wear However flillers &l sample and carmer snput
lines may /mprove vatve hite

VA L C (O instruments co., inc.

PO Box 55603 TWX: 910-881-5500
Houston. Texas 77055 Telex: 79-0033
(713) 6889345
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REAGENT-
GRADE
SOLVENTS

Users of Corco chromatographic. elec-
tronic and spectrophometnc reagent-
grade solvents know they can count on
Corco for highest quality Relability And
delivery. In pints. gallons, five-gallons. or
drums

At Corco. we've been specialists in
reagent-grade solivents since 1953 —
and have built our reputation on meeting
the requirements and specifications of
our customers, ACS and ASTM

Corco can also provide reagent-
grade acids, bases. and specialty chem-
icals
1 Write or call regarding your specitic
| solvent requirements and our complete
solvent listing in Bulletin 10. Or circle the
number

CORCO CHEMICAL CORPORATION
Manufacturers of
Reagent & Electronic Chemecals

Tyburn Road & Cedar Lane  Fairless Hills, Pa. 19030
(215) 295-5006
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New Products

pH Monitor/Recorder

The portable pH monitor/recorder sys-
tem contains a pH electrode, a pH stan-
dard, and an intermediate solution to
protect the pH standard from the pro-
cess solution. The pH electrode, the
standard electrode and the differential
electronics comprise a differential pH
system. The standard electrodes do not
require filling solutions or crystals and
will not contaminate a process since
there is no flow out of the electrode.
The signal can be sent over 3000 feet.
The rugged portable electronics pack-
age can be used indoors or out. It con-
tains its own batteries and recharger. A
5 inch meter and 2, inch strip chart
recorder provide the displays. Ocean-
ography International 412

Quantitative Photodensitometer

Model RFT photodensitometer features
three monochromatic lighting modes—
reflectance, fluorescence, and trans-
mission. The modified Czerny-Turner
monochromator has a range extending
from 190 nm to 740 nm, narrowly defin-
ing either the tungsten or deuterium
lamp to a specified wavelength by
means of a 50 X 50 mm replica grat-
ing. The instrument offers over 100 dif-
ferent slit configurations, six scanning
speeds, automatic zeroing, and auto-
matic baseline adjustment. The com-
puting integrator computes up to 64
fractions in area, percent, and percent
multiplied by a three digit keyboard-en-
tered normalization factor. V-tech Corp.
413

LSD-100 light scattering detector is a low angle laser light scattering photometer designed
for gel permeation chromatography. The instrument features absolute molecular weight de-
terminations and molecular weight distribution determinations of synthetic or biopolymers. It
incorporates a He-Ne laser source, fixed angle annulus, dual-beam optical design, high pressure
GPC flow cell and choice of output signals for auxiliary recorder. Gain and output signal selection
of P,. PoX10, and P, as well as LED indicators of gain and laser source status are included.

Chromatix

Chart Recorder

Model 156 is a single channel recorder
with 22 selectable speeds. The 125
mm recorder has controls which can be
set to record a wide range of input volt-
ages and signal responses. A crystal
oscillator times the low-power CMOS
chart drive system. Linear Instruments
Corp. 427

The 70-70H high

has a resolution of 25 000 and a mass range

of 210 700 at 4kV. The70-70Hlscapableolscanralesolwtooasec/decade The scan cycle
time over the mass range 500 to 25 is 0.8 sec., so the 70-70H is suitable for high resolunon

capillary GC/MS. A data system which includ

control facilities can be

VG-Micromass

402
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Combination pH-Temperature
Meter

Model PA-21 performs pH, temperature
in °C or battery voltage tests with push
button switch actuation. Accuracies are
0.01 pH over the range of pH 0-14 and
0.1 °C from 0-100 °C. Response time
is 10-12 s. A nonrefillable plastic-en-
cased pH probe with gold plated con-
nectors is standard. This pocket-sized
instrument has ¥, inch digital LED's.
Presto-Tek Corp. 420

Bandpass Filter

Model 751A-02 Brickwall Filter is a 1
Hz to 100 kHz programmable high-
pass/low-pass signal-processing filter.
The design employs a 7th-order Elliptic
filter with design values of 0.3 dB peak-
to-peak passband ripple, and 85 dB
stopband attenuation above 1.7 X cut-
off frequency (low pass) and below 0.6
X cutoff frequency (high pass). The roll-
off rate is better than 115 dB per oc-
tave on both sides of the passband.
Both center frequency and bandwidth
can be set anywhere in the 100 kHz
band. The built-in IEEE STD 488/1978
Instrumentation Bus Interface provides
the following functions: acceptor hand-
shake, basic listener with listen only,
and device trigger. Rockland Systems
Corp. 421



Here's how to cut your
recording budget down to size
...with the Linear 156. It offers
an outstanding array of stan-
dard features, many only
optional on other recorders,
at a lower than standard price.

A PERFECT WAY TO

CUT CORNERS.

When it comes to saving
critical lab space, the 156 cuts
down on valuable shelf space.
Our recorder is only
9" wide... half the
bench space occupied
by most standard
recorders.

DESIGNED FOR FULL
PERFORMANCE.

The tighter your testing
standards are, the more reason
to consider a Linear 156. All
156 recorders are sprocket
driven to deliver full-sized
accuracy, with a =1% overall
limit of error. And with 5 input
ranges (1 mV-10 V), 22 chart
speeds, and 100% full scale
suppression.. we're as ver-

satile as most recorders twice
the size.

WE DIDN'T CUT ON

THE GUARANTEE.

We pack a lot of quality
and pride into our 156, and
back it up with an airtight one
year parts and labor guarantee.
To find out how the Linear 156
“cuts it,’ write for a free bro-
chure to Linear Instruments,
17282 Eastman Ave., Irvine,
CA 92714.




AN IDEA
WHOSE TIME
HAS COME.

Very simply the idea is to stop buying
pounds of lab chemicals when pinches
will do. There are significant advan-
tages in terms of safety. economy
and convenience. Things like smaller
chemical lots. Smaller reactions
Smaller spills. Lower costs. Less
problem with disposal.

Once you've accepted the idea, call
on Chem Service. We stock over 8000
high-purity chemicals. All packaged
in gram-sized units. You can order
a single chemical or a “stockroom”
kit of a thousand or more—to have
right in your lab at your fingertips.
Think small. Ask for a free copy

of our latest catalog

Ch
Ser\?ilge

Box 194, West Chester, PA 19380
215-692-3026
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New Products

Light Detector

Model 403B Photodiode features a rise-
time of under 50 ps and FWHM delta
function response of less than 80 ps.
The spectral response of the detector
ranges from 340 nm to 1100 nm. Signal
levels of up to 500 mV (in to 50 ohms)
can easily be obtained from inputs of
less than 5 mW. The damage threshold
is greater than 100 mW. The output sig-
nal has a peak ringing/overshoot of
less than 25% of the main pulse ampli-
tude. Applications include the monitor-
ing of mode-locked ion lasers, pulsed
ruby lasers and mode-locked Nd-Yag la-
sers. Spectra-Physics a1

Potentiometric Blood Analysis
Method

The analysis of electsolytes in serum
takes about three minutes with a poten-
tiometric slide. This self-contained, sin-
gle-use slide is essentially a small dis-
posable battery-like cell. It has a silver/
silver chloride electrode which accepts
a patient sample and a second identical
electrode for deposition of a reference
fluid of known electrolyte concentra-
tion. When 10 ul drops of the two fluids
are placed on identical small strips of
the flat electrodes, a liquid junction is
formed by capillary flow through a
small bridge. The small electrical cur-
rent which is generated, when mea-
sured with an electrometer, gives a pre-
cise measure of the amount of the
electrolyte in the sample. Eastman
Kodak Co. 414

PW 1600/10 is a microp

On-Line Chemical Analyzers

New analyzers for specific purpose
monitoring and control applications are
available. Alkalinity analyzers provide a
direct measurement of caustic carbon-
ate (model 3218), hydroxide (model
3214), hardness-in-brine (model 3216)
and 2P-M alkalinity (model 3212). On-
line analyses are made, using micro-
processor-controlled digital sampling,
reagent and diluent techniques. Com-
bined with spin-cell technology, this
permits measurements of equilibrium
reactions initiated by a digital delivery
system. Model 3441 ammonia analyzer
operates free from bcund ammonia in-
terference. The digitally-controlled,
multiple reagent dispensing system and
the design provide the user with the
choice of either standard addition, stan-
dard depletion, or direct selective ion
analysis technique. lonics, Inc. 419

Spectrofluorometer Accessories

The Digital Autoranging Photometer of-
fers digital readout, an autoranging fea-
ture which automatically selects the
proper photometer range and positions
the decimal point, and both BCD and
analog output. It will upgrade the com-
pany's SPF-125 and Aminco-Bowman
spectrofluorometers and the filter fluo-
rometric analyzers. A calculator acces-
sory consisting of a Hewlett-Packard
desk-top computer and graphics plotter
is programmed for use with the compa-
ny's SPF-500 Spectrofluorometers. It
performs 19 different functions, and
stores up to 40 spectra on a single
tape. American Instrument Co. 418

Philips
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X-ray fluor spectrometer.

It provides fixed channel simultaneous measurement of up to 28 elements, while scanning
channels allow the identification and measurement of nonroutine elements. It can be used either
as a stand-alone system or as an integrated element in an automatic process control analysis
line. A universal interface allows for connection to any type ‘of mini- or mainframe computer.

403



AA Double Feature!

IL presents a unique, two-channel
AA. Beginners can use it easily.
Spectroscopists can use it
brilliantly.

It's the new IL951 Video II, first AA
spectrophotometer combining two
double-beam channels with a video
screen and a microcomputer.

Easy enough for entry-level
personnel.

Any technician can learn to run the
IL951. Instructions on the video
screen—in English, not compu-
terese—guide the operator step by

step. Even the analytical “Cookbook"

FE
2.24 PPN

THE NEW IL951 VIDEO IICTH)
ATONIC ABSORPTION SPECTROPHOTOMETER
READS OUT TWO ELEMENTS SIMULTANEOUSLY.

is displayed. The microcomputer is
controlled by ju ' twelve functions
keys (see below). Complete methods,
including calibration, can bz stored for
10 pairs of elements and re-entered at
the touch of three keys.

Versatile enough for the most
demanding spectroscopist.

The IL951 can perform wonders in the
hands of an inventive scientist. You
can determine two elements simulta-
neously, with flame or furnace
atomizer. You can use an internal
standard to improve accuracy, remove
the effect of dilution errors, or even
avoid weighing the sample. Ratios
between two elements can be read
directly. The instrument can be used
as a dual-wavelength, UV-Vis. spec-
trophotometer. Flame emission can be
done with excellent resolution.

CIRCLE 132 ON READER SERVICE CARD

AL
8.96 PPN

INSTRUCTIONS ON THE VIDEO SCREEN
GUIDE THE OPERATOR!

Explicit graphics add protection
from errors.

With its graphics option, IL's new AA
shows you the shapes of working
curves, and details of absorbance
peaks. Background absorbance is
shown simultaneously. And there’'s
much, much more.

See it now! Phone toll-free for a
demonstration in any of our 6 U.S.
labs: 800-225-4040 (Ask for “A.L.D.
Customer Service.")

Instrumentation Laboratory Inc.
Analytical Instrument Division
Wilmington, MA 01887

Instrumentation Laboratory
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Moles’s
applications v

on
at

Sponsored by :

« Laboratoire de Spectrochimie IR et Raman du C.N.R.S.
¢ Société de Chimie-Physique

o G.AMS.

e Instruments S.A., Jobin-Yvon Division.

Presided over
by Professor M. Delhaye

. These two days will be dedicated to lectures and
Provisional program discussions on the Raman Mlcroprobe Mole.

R T T o L

13th december 11:00 Introduction
G. Payan - General Manager of Instruments S.A.

11:15 Inaugurallecture
Professor M. Delhaye - Director of the IR and Raman
Spectroscopy Laboratory CNRS

12:00 Lectures

13:00 Lunch

14:30 Lectures

18:00 Closer

TR T U L I 1 R T

14th december 9:00 Lectures

12:00 Posters Cessions

13:00 Lunch

14:30 Lectures

16:00 Discussion

17:00 Closing Lecture
J.Ch. Lefebvre - General Marketing Manager of Jobin-Yvo:

Cocktail.

18:00




orkshop

1 and 14th december 1979
VRS - Thidis - France

\pplication Fields

Micropaleontology e Geology e Cements e
Medicine ¢ Biology « Mineralogy e
Pollution and Industrial Materials Control ¢ Polymers.

Shuttle service organized between
porte de Versailles
and C.N.R.S. Thiais.

e =
T2 777N

1618, rue du Canal

91160 Longjumeau
Tel (1) 909,34.93I Reply coupon to be sent to Instruments S.A. Jobin- \

Teélex JOBYVON 692882 F YVOn
Name ... Christian Name...... e e \
Firm....... oo .Laboratory ... !
l Address. ... Qe SE— S \
Phone ... N Extension S
l | would like to participate in the Mole's Application Workshop and \

| send you 150 FF for registration fee. (included lunches and
. ’ shuttle service).
CIRCIF RR DN RFANFR SFRVICF CARND



The award
winning.
electronic
balance

You can count oniit...

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. Cal! or write fordescriptive literature onthe award winners from Scientech.

SCIENTEGCH, INC.

5649 Arapahoe Avenue « Boulder, Colorado 80303 - (303) 444-1361
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...and JMC PRODUCTS FOR THE ANALYST
TOTAL SULFUR e
2 ANALYSIS iy

made EASY with these Laboratory Performers!

GASES e LIQUIDS e SOLIDS
Interference-free PPB, PPM, or %.

Houston Atlas, specific specialists in H.S and Total
Sultur measurements. has the tried and true “can-do
laboratory performer that is just rght for you

Such as the versatile Total Sulfur Analyzer, with an
almost immediate response that is accurate 10 = 2.
for trusted reliability. Or . . the non-permeation PPM
Reference Standard Generator that automatically
generates standard samples as needed, without com-
lications. Or . . the digitally tmed Micro-jector
yringe Drive. with precise linear motion control for
accurate injection/retraction. And . . there’s more!

All this . . without using technical personnel! p— ’
Catalog Sheets and m&innm Data Bulletins describ-
ing these Lal riormers will be sent 1o you THE ORIGINALS...

£ R e e
EEaAITy) oo loc. Degt. A1, 9441 Baythorne [irive, Housion, * Specpure materials of defined analysis

- HOUSTON ATLAS. INC.

HOUSTON

ATLAS
LABORATORY

PERFORMERS
make your tough
applications

EASIER!

* Spectroflux analytical fluxes
* Spectromel” standard powder mixtures

* JMC Silver electrodes
!J M Johnson Matthey Chemicals Limited
g Orchard Road, Royston, Herlordshire SG8 SHE
Telephone: Royston (0763) 44161 Telex: 817351
CIRGLE 94 ON READER SERVICE CARD CIRCLE 93 ON READER SERVICE CARD
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New Products

MultiRac is a microprocessor-controlied
fraction collector suitable for use even with
organic solvents and radioactive liquids. Col-
lection can be made according to time, drop.
or precise volume. Volume size can be varied
from 10 uL to 3500 mL. Trays accept both
funnels and spring-loaded racks which ac-
commodate a variety of vessels from 12 mm
diameter test tubes to 28 mm diameter scin-
tillation vials. Data show on a red LED display.
$2995. LKB Instruments, Inc. 404

Filter

The Acrodisc CR, a disposable chemi-
cally resistant filter, is used to filter
small volumes of solutions which are
difficult to handle. Used on the tip of a
syringe or teamed with an in-line filter
system, the filter removes all particles
larger than 0.45 um. It is autoclavable
or may be ETO sterilized. The filter is
25 mm in diameter, has an effective fil-
tration area of 2.77 cm? and withstands
pressures up to 4.2 kg/cm?. $75/box of
50, nonsterile. Gelman Sciences, Inc.
429

Reporting Integrator

The HP 3388A dual channel integrator
is a microprocessor-based integrator
for chromatographs. The two indepen-
dent channels allow the user who has
the optional second printer/plotter to
execute two runs simultaneously with
results appearing on individual printer/
plotters. BASIC programming enables
the terminal to operate as a live calcu-
lator keyboard and provides for off-line
programming. For post-run calcula-
tions, BASIC controls the integrator, auto
samplers, external events and all report
information. The integrator also fea-
tures keystroke programming and long-
term data storage. Hewlett-Packard Co.
410

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

Valco

Zero Dead
Volume
Chromatography
Fittings

Wide variety of metals and designs
Vaico's sophisticated machining techniques
make possible manufacturing of special fitting
designs in virtually all materials.
No “swaging” or “biting"
Valco fittings do not swage or bite into the tube.
There is no reliance on crimping or necking at the
bore.

Used for over
10 years in
Valco valves.
Now available
for your
application

[o]

perating p 10.000 psi
Valco fittings are designed for ciose tolerance
heavy wall tube and can operate at pressures in
excess of 10.000 psi. however, their unique
design also makes them ideal for vacuum ap-
plications.

Competitive prices
Call Valco for your chromatography fitting needs
— you'll be pleased with the prices, selection
and delivery.

VALCO

instruments co., inc.

PO Box 55603 Houston. TX 77055
(713) 688-9345

TWX 910-881-5500 Telex 79-0033
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Need
ultra-high purity
solvents iN A hUI’l'Y?
Call 616-726-5021.
B & ) Laboratories ship 95%
of all

solvent orders

within 24 hours.]

BURDICK
& JACKSON
LABORATORIES, IN(

EGON. MIL AN g
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Build a titration system that fits you.

Mettler's modular approach to titration lets you control of operating parameters, there's the
create a system that meets your requirements DK25 microprocessor system, the very latest
exactly. concept for wet chemical analysis.

You can choose a very basic system that Oryou can get even more sophisticated and
includes a Mettler DV11 Burette Drive, a DK11 choose a Mettler SR10 system in which most of
Rate and End Point Control, a DK14 Electrode of the titration can be carried out automatically.
Potential Amplifier and a DV103 Command The point is, Mettler can put together the right
Module. combination of any type of titration instruments.

Perhaps photometric end It's your kind of system.

For complete information
on titration, contact Mettler
Instrument Corporation,

P. O. Box 71, Hightstown,
NJ 08520.

point indication is what

you need. In that case, the
Mettler DK18 and DK19
titration instruments are ideal.
And, for “smart” keyboard

T Mertler
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New Products

Horiba PIR-2000 is a system for measuring total organic carbon using glass
oxidation technique. Up to 10 mL of sample are placed into a borosilicate ampule with an oxi-
dizing agent and phosphoric acid. Inorganics are purged, and the ampule is sealed and then
autoclaved to convert the organics to CO,. The CO, is measured with an infrared anaiyzer.
Sensitivity is 100 ppb. Precision is 5% of actual value at 1 ppm, and approximately 2% of |

actual value at 5 ppm and above. Oceanography International

Dual Bed Gas Purifier

The DBP-25 dual bed hydrogen purifier
combines the function of an oxygen/
hydrogen recombiner and a molecular
sieve dryer in a single chamber. At
flows below 25 SCFH, the unit will re-
duce 1% oxygen in hydrogen to less
than 1 ppm. Water vapor is removed to
below 1 ppm by a bed of molecular
sieve below the catalyst. Under normal
circumstances, a fresh DBP purifier will
treat 12 to 25 200 SCF hydrogen tanks
containing 100 ppm total oxygen and
water before it requires regeneration or
replacement. Resource Systems, Inc.
428

Sample Introduction in Flame AA

Automated multiple flow injection anal-
ysis (AMFIA) entails insertion of dis-
crete micro volumes of liquid sample
into a constantly flowing solvent stream
which is pumped directly into the nebu-
lizer of a flame atomic absorption spec-
trometer. This allows analysis of dis-
crete micro volume samples and a
speed of 120 to 180 samples per hour.
The modular-type units of the AMFIA
MARK CHEM. FAAS can be adapted to
your present AA. Mark Instrument Co.
422

MEASURE
THE AUTOOR
CROSS
CORRELATION

. FUNCTIONS
oF ANALOG
OR DIGITAL

SIGNALS

with the Ford Instruments Modeis OC-64
and DC-128 Correlators. Apply this new, versatie
techmque 1o research applications such as:

* photon correlation spectroscopy

* laser anemometry

* norse and wibration analysis

* stmulus response studies

| ® puise echo ranging
| ® signal averaging

© air polluticn monitonng

| ® combustion analysis

P and wet

405

UV-VIS Spectrophotometer

The microcomputer controls all func-
tions of the Model 559 UV-VIS spectro- |
photometer. Repetitive scan, wave-
length programming and 1st and 2nd
derivative are standard. The built-in
flowchart recorder automatically posi-
tions to the paper grid line and allows
for accurate serial and overlay presen- |
tation. A holographic grating is utilized |
by both the high performance version
and the standard version, which have
stray light of less that 0.002% T and
less than 0.05%T, respectively, at 220
nm. Perkin-Elmer Corp. 408

Microelectrode

The pulsed microelectrode features in-
terchangeable solid gold. platinum, and
glass carbon tips to permit polaro-
graphic analysis of materials with dif-
fering overpotentials. The piston action
electrode also allows modeling of elec-
trochemical processes, including elec-
tro-organic synthesis. The microelec-
trode, which fits any vessel with a
14/20 joint, is pulsed Y4 inch into the
test solution at rates of 0.1 to 6 pulses/
s with variable intensity control. A
pulse controller is available optionally.

Pulsed microelectrode, $521; pulse
generator, $521. ECO, Inc. 417

LFl correlators offer features such as.

| * 64 or 128-channel correlation capability

* 50 msec to 100 nsec sample tme
© easy interfacing with computers meeting
IEEE488 specs
* 4-bit correlation
* encoding of all control settings into output
ord

reci
* precomputation deiay

LFi comelators have eamed a reputation for ease
of use, rehability and trouble-free operation in
industnal and university laboratones woridwide.
And to buttress this reputation, LFi correlators
are sold and serviced by EG&G Pnnceton Apphed
Research Compx
for the distribution of sophisticated signal-
recovery measurement devices.

For tull details on the LFl Modeis DC-64 and
DC-128, wnte or call:

Langley-Ford Instruments, 85 North Whitney St.,
Amberst, MA 01002

413/256-8147

LANGLEY
FORD

INSTRUMENTS
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last digit
the difference!

sartoriiuns

Weighing and filtratio
worldwide

New Sartorius Super Balances.

Sartorius and the new balances

1264 MP and 1265 MP have once
again set new standards in weighing
technology; a consistent develop-
ment towards larger weighing
ranges, higher accuracy, and greater
ease of weighing

Optimal resolution with
controlled standard deviation.
Model 1264 MP: 3000 g/10 mg
(300000 digital steps)

Model 1265 MP: 400 g/1 mg
(400000 digital steps)

Such a measuring scope could up to
now be offered by dual range
balances. The disadvantages of this
*design - switching the weighing
range and continuing with the
accuracy loss of 1 place ~ are now
relegated to history. :

® Microprocessor as standard,
providing storage of spécial
weighing functions

m Data output for connection to the
economical Sartorius line of

CIRCLE 188 ON READER SERVICE: CARD

peripheral systems and commer-
cially available data equipment
Instant weight results

Overload stop

Digital stability control

Electronic damping of vibrations

For details, please write or call

Sartorius GmbH

P.O. Box 19

D-3400 Gottingen/West Germany
Telephone: (0551) 308-1

Telex: 09 6 830




New Products

High Vacuum System

Model BAE 080 T laboratory high vacu-
um system is a portable system de-
signed for biological and nonbiological
specimen preparation in electron mi-
croscopy and for general vacuum in-
vestigations. The unit comes with stan-
dard turbomolecular pumping. It offers
conventional resistance heating or
electron beam evaporation, and is
available with T- or cross-shaped vacu-
um chambers. Balzers Corp. 415

Vacuum Recording Balance

Model 1000 Electrobalance is a fully
electronic vacuum recording balance
with a capacity of 100 g, a sensitivity of
0.5 ug, a precision of +107% of total
load, and a maximum weight change of
10 g. The instrument is designed to
measure mass and force changes
under ambient conditions as well as in
high vacuum and other controlied envi-
ronments. The electronic control unit is
compatible with any 1, 10 or 100 mV
strip chart recorder, digital voltmeter or
other device for monitoring weight
changes. The unit features electrical
taring and up to 10 g of weight suppres-
sion. The instrument has an automatic

range expander and a “‘percent of sam-
ple” feature. A wide variety of ac-
cessories is available. $11 600. Cahn
Instrument Co. 424

Recorder

The Gila 1-6 channel Flat-Bed Record-
er has module technic. The different
modules increase the number of possi-
ble applications. The recorder has 1-6
channels for 250 mm chart width. it of-
fers 18 selectable sensitivities from
0.05 mV to 40 V, and 20 switchable
chart speeds from 600 mm/min. to 3
mm/h. A wide range of function mod-
ules is available. Netzsch Brothers, Inc.
426

Chemicals

Gel Filtration and
Chromatography Media

Five new additions to the company's
line of media are available. HA-Uttrogel
is an "alloy" of hydroxyapatite micro-
crystals in agarose, crosslinked with

epichlorohydrin, for adsorption chroma-
tography. It can concentrate sub-
stances from very dilute solutions, and
is resistant 10 denaturing agents and to
extremes of pH and temperature. Ultro-
gel AcA-202 is an agarose-polyacryl-
amide type, very high in polyacrylamide
and with a linear fractionation range of
1000 to 15000 and an exclusion limit
for globular proteins of about 22 000.
Grades A-6, A-4 and A-2 are straight
agarose type Ultrogels for gel filtration
and affinity chromatography. Linear
fractionation ranges for the three types
are, respectively, 25 000 to 2 400 000;
55 000 to 9 000 000; and 120 000 to
25 000 000. Globular protein exciusion
limits are 4 000 000: 20 000 000 and
50 000 000. All Uitrogel grades are pre-
swollen. LKB Instruments, inc. 432

Fluorescent Reagent

Many fluorogenic substrates can be
prepared using 7-amino-methyicoumar-
in, a highly fluorescent reagent. Sub-
strates prepared using this chemical
are specific and sensitive. The high
degree of fluorescence permits detec-
tion of microgram quantities of chymo-
trypsin, trypsin, elastase and urokinase.
Chemical Dynamics Corp. 433

LD 12 Point Printing Recorders

LS4
Table-Top
Recorders 1-6 channels

L 2000
ackmountable Recorders 1-6 channels

x-y Recorders
LY 700 + 800
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Hewlelt-Packald introduces a
flexible fused

AN IMPORTANT BREAKTHROUGH IN CAPILLARY COLUMN

Twist it!
Bend it!
Flex it!

Four important advantages to enhance your chromatographic capabilities

A BREAKTHROUGH IN FLEXIBILITY ... re- EXCELLENT THERMAL STABILITY ... the
duced breakage and easier installation. The col- upper temperature limit for the methyl silicone fluid
umns are inherently straight permitting direct col- (SP-2100) column is 280°C, and 220°C for the Car-
umn connections for maximum performance. Note bowax™ 20M.

in the photographs how easily they can be twisted

and configured to aimost any shape required. HIGH EFFICIENCY . .. greater than 4000 theoreti-
cal plates per meter at k=5 (1.D.=0.20-0.21 mm) for

A BREAKTHROUGH IN INERTNESS ... there ~ Methyl silicone column.
are virtually no metal oxides to cause sample ad-
sorption and column deterioration, thus enabling
you to perform what might previously have been

difficult or impossible analyses.
*Chemically identical to quartz but not crystalline.

® Registered Trademark of Union Carbide Corp.




revolutionary new

silica capillary column

TECHNOLOGY WITH DRAMATIC CHROMATOGRAPHIC PERFORMANCE

POLARITY MIXTURE FREE FATTY ACIDS IN WATER
1o Fused Silica W.CO.T. 2
b 22m x 0.20mm 3

$P-2100 (Carbowax 20M desctivated)

niine
e

i (Me) = 32 cmisec !i!_ ! I

o
2
4 aimatnyl pranal
T
ridecene
.
r.t Vdosdecanel
.71 pentadecane

o
UNDERIVATIZED AMINES  Fused Silica W.CO.T. ALCOHOLS
22m x 0.20mm
SP-2100 (Carbowax 20M deactivated)
i(He) = 34 cminec
i3 3
250 30 i 250*

nheptyl
e AT SN
2,4 imothyl aniine
Lo ooyt
11 deyclononyt %

Above are a few of the GC analyses performed using HP fused silica capillary columns

ORDERING INFORMATION . .. CONTACT YOUR LOCAL SALES REPRESENTATIVE
PART NO LENGTH  COLUMN TYPE PRICE"* FOR MORE TECHNICAL INFORMATION
19091-60010 12 Meter Methyl Silicone Column S100 The new Hewlett-Packard flexible silica capillary columns are
19091-60110 12 Meter Carbowax™ Column 100 avm)le from stock. To place your order—call our toll-free
4 nu r
T 800-523-7133 pansrm con
e U — - 5
19091-60125 25 Meter Carbowax" Column 175 FA Tesidents call collect—215-265-2017
19091-60225 25 Meter Volatile Fatty Acid Column 175
19091-60050 50 Meter Methyl Silicone Column 275 =
19091-60150 50 Meter Carbowax* Column 275 g =
19091-60250 50 Meter Volatile Fatty Acid Column 275 HEWLETT : PACKARD
19091-20050 50 Meter Fused Silica Capillary Tubing .. 155

For larger quantities of fused silica capillary tubing

contact faclery for price and availability. 1507 Page Mil Road. Paio Azo. Calfornia 94304

For assatnce cas the 1P regona oftce neares! you Easiern 301 2582000
Western 2138771262 Mowes! 312 255 9600
. Southern 404 955 1500 Canacan 416678 X0
U.S. price only. Subject 1o change without notice Ash the eperator tor sales. 43008
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DuPont’s new 1090 Thermal Analyzer
collects, processes, stores, and reports
the data you want, the way you want it.

The DuPont 1090 Thermal
Analyzer/Data System com-
bines speed and versatility
with expanded data manipula-
tion capabilities in a sophisti-
cated instrument for research
and product development.

Microcomputer
Data Analysis

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

Multiple Reporting
System

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

Expanded and
Simplified Programming

Two-way conversational
interaction between operator and

instrument via the display makes
programming easy. Increased
versatility provides 12 linkable
methods, heating rate selection
in 0.1°C increments, and tem-
perature scale expansion capa-
bility to 0.2°C/cm. Internal
computer diagnostics inform
you of errors in programming or
circuitry.

Get Our
New Literature

The 1090 system is compat-
ible with all current DuPont mod-
ules. For details on the 1090 and
other DuPont Thermal Analysis
Systems, phone(302)772-5388
or write to DuPont Thermal Ana-
lyzers, Room 37359, Wilming-
ton, DE 19898.

Thermal Analyzers

Scientific & Process Instruments Division

CIRCLE 54 ON READER SERVICE CARD
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Sampler. Discusses the design features
and performance of the HP 7675A
purge and trap sampler and use of the
sampler in the analysis of trihalometh-
ane, a slightly soluble volatile organic
compound. 4 pp. Hewlett-Packard Co.
441

Safety Manual. Covers OSHA require-
ments, a laboratory safety program, ac-
cident prevention, first aid, fires and fire -
fighting, handling of toxic fumes,
working with gases and acids, and dis-
posal techniques. Catalogs a wide
range of laboratory safety products. 80
pp. Fisher Scientific Co. 442

Hazardous Compounds. Wall chart lists
all of the OSHA concentrations for
gases and vapors and notes analytical
methods for the measurement of these
320 compounds. 11”7 X 20” Analytical
Instrument Development, Inc. 444

Gas Detector. Describes the principle
of operation and specifications of a
portable hazardous gas detector, Model
105, which uses photoionization to de-
tect the presence of arsine and phos-
phine. 4 pp. Airco Industrial Gases 445

Varian Instrument Applications. Vol.
13, No. 2 features articles on auto-
mated HPLC, measurement of acryloni-
trile in industrial air by GC, user-gener-
ated pulsed NMR experiments, and fluo-
rometric determination of Vitamin E
compounds by HPLC. 15 pp. Varian A&
sociates, Inc.

The Liquid Chromatographer. No. 2
(Aug. 79) contains articles on an organ-
ic acids analysis HPLC column, HPLC
columns for carbohydrate analysis,
guard column systems, and reverse
phase columns. 8 pp. Bio-Rad Labora-
tories 447

Manufacturers’
Literature

Chromatography Newsletter. Vol. 7,
No. 2 (Aug. ‘'79) features articles on:
determination of valproic acid using re-
versed phase LC; LC determination of
phenytoin and ph ital; open tu-
bular columns with thick liquid-phase
films for low boiling compounds; LC
separation of tricyclic antidepressant
drugs; and polymer characterization by
GPC using on-line data processing. 40
pp. Perkin-Eimer Corp. 440

Chart Recorders. Details two Rusirak 4
inch chart trend recorder lines, the Se-

that ion graphy is the

method of choice for the determination of
dibutylphosphoric acid in nuclear fuel
reprocessing streams. 2 pp. Dionex Corp.
450

for conversion.

For further information, contact:

From Martek’

/Y

Let Martek monitor your soil conductivity and temperature for accurate soil salinity calculations. With the
Model SCT Monitoring System, you can determine changes in salinity caused by seepage, irrigation, or
other external influences. For your convenience, conductivity is corrected to 25°C, eliminating the need

Rugged in design and simple to operate, the Model SCT can be used in soil or water measurements.
A vertical sensor is furnished with each system; optional sensors can be ordered for specialized applications.

* MARTEK INSTRUMENTS:.INC.

17302 DAIMLER ST. P.0. BOX 16487 « IRVINE, CA 92713 « PHONE (714) 5404435 « TELEX 632 317

the Model SCT
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Teknivent GC/MS
Data Systems offer
innovative features
and outstanding
performance.

Three models—upward compatible
Multi-instrument operation

Simultaneous acquisition/reduction of data
Unique interactive graphics with zoom
scale expansion

Moving head disk/floppy mass storoge

12 ion mass fragmentography
Stereospectrometry™™—simultaneous
acquisition of EI/Cl or pos/neq ion Cl data
Interactive iibrary search and spectrum
generation

Versatec or incremental plotter hardcopy
Reconstructed ion profiles

* Teknivent BASIC for easy user programing

Model 49K
Call or write for details

] I
TEKNIVENT

- 10774 Trenton Ave.

St. Louis. Mo. 63132
(314) 429-7272
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Manufacturers’ Literature

Lead in Blood. Describes a method for
the determination of lead in blood by
means of an AA spectrophotometer, a
furnace atomizer, and an autosampler.
Ninety-five samples can be analyzed in
90 minutes. 4 pp. Instrumentation Labo-
ratory 448

pH Meters. Describes, illustrates, and
provides comparative specifications for
the company's pH and specific ion me-
ters. Gives concentration ranges for 23
electrodes. 5 pp. Orion Research 449

Catalogs

Liquid Ch tography. Contains LC
and HPLC columns, pumps, detectors,
gradient elution apparatus, fittings and
valves. 60 pp. Glenco Scientific, Inc.
453

Chemicals. Alphabetically lists inorganic
and organic products, biochemicals, and
biological stains which are available in
quantities generally in the range of
0.01-20 g. 124 pp. Chem Service, Inc.
454

NMR Products. Features sections on
sample preparation, sample handling,
sample tubes, microcell assemblies,
EPR-ESR, special tubes and accessories.
12 pp. Kontes 455

Research Chemicals. The 1979/1980
edition contains over 30000 listings of
organic and inorganic chemicals. 353 pp.
Pfaltz & Bauer, Inc. 456

Fluid Control. Information on the line of
valves and filters includes applications
and technical operating data. 16 pp. Hoke
Inc. 457

Oscillographic Recorders. Fixed range
and plug-in-signal conditioner chart re-
corders are described and illustrated. 6
pp. Guiton Industries, Inc. 458

Biochemicals. The 1979-80 edition de-
scribes 980 products including immuno-
chemicals, blood proteins, electropho-
resis apparatus and reagents, and nucleic
acids. 150 pp. Miles Laboratories, Inc.
459

Peslicides. Includes defoliants, fumigants,
insecticides, repellants, fungicides, her-
bicides and many others. 80 pp. Chem
Service, Inc. 460

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




Autoradiograms, TLGC plates, electrophoregrams.
With one E-C Densitometer, do any or all!

The EC 910 Transmission Densitometer offers the most
versatility at the lowest cost of any densitometer scan-
ning in the visible light range. Only $1695° complete with
electronic integrator, dielectric filter, and the support
medium template of your choice.

With it you can scan and integrate intact gel slabs and
columns. X-ray film. cellulose acetate and chromato-
graphy strips, and other patterns on selected support
media. Scanning area 18cm X 25cm eliminates need for
cutting

Interchangeable light slits and optical filters enable
precise quantitation regardless of stain characteristics.

Compatible with all millivolt recorders, the EC 910
Densitometer is lightweight, compact. and takes little
bench space. Reliability assured by solid state electronics

Like more information? Call E-C Technical Service
collect at 813-344-1644 or write:

E-C Apparatus Corporation

3831 Tyrone Bivd N.
St. Petersburg, Florida
Scan and integration of 33709

*Recorder adaitional but calibrated wilth
DNA sequence auloradiogram. Densitometer if ordered at the same time
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automatic sample an
CessIing

dete

rminations

1 hours
/

Automatic
N|trogen Analyzer |
% i”L}'L‘Jt/:iixlu|l:].3‘n/00“,%

Reprodt

oice for micro and macro nitrogen determination :
No digestion problems
3t per analysis

Low cost per

he first ch
ils, processed foods, coal, fertilizers, tobacco, fibers, polymers,

Fen S, SO
ubricating oils, biological samples, organic compounds

For further information in Europe
and USA please contact our local
Subsidiary or Distributor.

4/ CARLO ERBA
2 STRUMENTARZIONE

P.O. BOX 4342 | - 20100 MILANO

SERVICE CARD
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Statistics in Analytical Chemistry

and Oplimization of Labo-
ratory Methods and Analytical Proce-
dures: A Survey of Statistical and
Mathematical Techniques. D. L. Mas-
sart, A. Dijkstra, and L. Kaufman, xvi
+ 596 pages. Elsevier North-Holland,
Inc., 52 Vanderbilt Ave., New York,
N.Y. 10017. 1978. $57.75

Reviewed by Harry L. Pardue, De-
partment of Chemistry, Purdue Uni-
versity, W. Lafayette, Ind. 17907

This book is recommended to my
colleagues in analytical and clinical
chemistry with full confidence that it
will be useful to all except those who
are already expert in statistical meth-
ods and optimization procedures. The
principal strength of the text is in the
breadth of coverage; to the best of this
reviewer's knowledge, there is no other
single volume that includes all the
topics in this text.

The book is presented in five parts,
namely: evaluation of the performance
of analytical procedures; experimental
optimization; combinatorial problems;
requirements for analytical proce-
dures; and systems approach in ana-
Iytical chemistry. There are 10 chap-
ters in Part I, five chapters in Part 11,
nine chapters in Part 111, three chap-
ters in Part IV, and three chapters in
Part V. Most of the rigorous material
is in the first four sections; the last
section is somewhat philosophical in
content. Some specific topics included
in the text are categories of errors, fre-
quency distributions, parametric and
nonparametric statistical tests, the
method of least-squares, anal of
variance, noise and drift, optimization
methods, factorial designs, the sim-
plex method, steepest ascent methods,
multivariate statistical methods, clus-
tering procedures, factor and principal
component analysis, operational re-
search, the diagnostic value of a test,
cost-benefit considerations, process
monitoring, process control, analytical
chemistry and systems theory, the an-
alytical procedure, and the analytical
laboratory. This is a selected, incom-
plete listing intended to convey in
minimal space the breadth of coverage
in the text; many important topics
contained in the text are not included
in the listing.

Another attractive feature of the
book is the manner in which the more
quantitative topics are presented.

These topics are introduced with sub-
stantive general discussions that are
followed by more rigorous mathemati-
cal treatments. This format aids in the
presentation of some rather formi-
dable material.

The principal weakness of the text
is that in some cases extent and depth
of coverage have been sacrificed for
breadth. Although the text includes
some examples, this reviewer does not
consider it a *how-to-do-things" text
because many details are left to the
reader’s interpretation. However, this
potential shortcoming is largely offset
by the liberal use of carefully selected
references that provide details not in-
cluded in the text.

This survey of statistical and math-
ematical techniques used in analytical
chemistry is a valuable addition to the
analytical literature.

lon-Molecule Reactions, Part 1: Kinet-
ics and Dynamics. J. L. Franklin, Ed.
xiv + 399 pages. Academic Press, 111
Fifth Ave., New York, N.Y. 10003.
1979. 838

Reviewed by R. G. Cooks, Department
of Chemistry, Purdue University, W.
Lafavette, Ind. 47907

Several areas of science are being
treated to volumes of “benchmark pa-
pers” in which a prominent specialist
selects and comments upon key pa-
pers in an area of research. The con-
cept is good, especially for an estab-
lished investigator entering a new
field: A beachhead into the area is
provided, in the form of a single vol-
ume containing material culled from
a variety of original sources over a pe-
riod of time. This is a very consider-
able convenience, as is the organiza-
tion by subject matter and the linking
of topics by means of explanatory
comments provided by the editor.
Best of all, the original investigators
are left to speak for themselves in this
format.

J. L. Franklin has edited a two-vol-
ume set of benchmark papers on ion-
molecule reactions. In this, the first
volume, he covers the fundamentals
of the subject, tracing its beginnings,
treating theory and dynamics through
1977, dealing with the effects of ener-
gy on rates, and covering some ther-
mochemical determinations. His selec-

Books

tions have produced an exciting set of
papers. Editorial comments are quite
brief (less than 20 pages tetal) and
serve as a set of guideposts, rather
than assaying any critical interpreta-
tion. Particularly impressive is the co-
herent development of the subject
through the volume. Some multiau-
thored texts don’t flow as smoothly.

The second volume will include ion
cyclotron resonance and chemical ion-
ization and may, therefore, be more
immediately relevant to analytical
chemists. Nevertheless, the material
covered here underlies such applica-
tions, and this book provides a suc-
cessful approach for acquainting read-
ers with ion-molecule reactions.

ESCA and AUGER Spectroscopy. D.
M. Hercules. 6 audiotape cassettes (5.9
hours) + 152 page manual. Dept. of Ed-
ucational Activities, American i
cal Society. 1155 16th St., NW., Wash-
ington, D.C. 20036. 1979. $165
Reviewed by G. E. McGuire, Analyti-
cal Chemistry Laboratory, Tektronix
Inc.. Beaverton, Ore. 97077

The rapid proliferation of surface
analvtical techniques such as Auger
and photoelectron spectroscopy in ac-
ademic and industrial laboratories
justifies the effort put forth in creat:
ing an audiocourse and related manual
providing the background and devel-
opment of these techniques. The audi-
ence for which this audiocourse was
intended is the advanced undergrad-
uate or graduate level scientist but not
the expert in this field. In addition the
course would be useful for anyone just
entering the field or for anyone who
wants to know about analytical appli-
cations of the techniques. Very little
prior knowledge about the techniques
is required. The material in the course
is somewhat dated (none later than
1974) and is slanted more toward pho-
toelectron spectroscopy (ESCA) than
Auger spectroscopy (AES). The basic
principles of these techniques are well
presented even though the author ob-
viously is not as familiar with AES.

The audio portion of the course is
clear and precise. It progresses at a
pace which is easily followed yet which
requires the alert attention of the au-
dience because it is heavily loaded
with technical information. The man-
ual follows very closely the audio por-
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Rheodyne
simplifies
LC sample
injection
again.

We made the best injector
even better.

Rheodyne’s Model 7120 Syringe
Loading Sample Injector has carved out
an outstanding reputation in the LC
field. Last year sales more than doubled.
People seem to 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 and more reliable than
ever before. .

Flushing now unnecessary. With
the improved valve, Model 7125, the
entire contents of the microsyringe
isinjected into the sample loop and flows
tothe column. No sampleis left behind
inthe valve. Consequently, youdon't have
to flush the valve between injections
unless you're doing trace analysis.

Longer valve life. Less wear.

Both rotor and stator are made from new
materials to minimize wear as they slide
over one another. This extends valve
life considerably.

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 St., Berkeley,
Calif., 94710. Phone (415) 548-5374.

=34
RHEODYNE

THE LC CONNECTION COMPANY
CIRCLE 182 ON READER SERVICE CARD

Books

tion of the course and will make an ex-
cellent reference for the student to use
at a later date.

The course has a good balance be-
tween the fundamentals of the tech-
nique, the instrumentation that is re-
quired, the common practices of the
techniques, and analytical applica-
tions of ESCA and AES to a wide vari-
ety of systems. There is not a major
area that is not discussed. The field
is growing at such a rapid rate it would
be hard to go into greater detail than
the author has in a reasonable amount
of time. Minor areas that could have
received greater attention are UPS as
a complement to XPS for looking at
the valence band structure of solids
and the use of X-ray analysis as a
means of analysis to complement
AES. Electron excited X-ray analysis
is mentioned in passing at one point,
and later one is left with the impres-
sion that the sensitivity of the tech-
nique is no better than 5%. Actually
both AES and X-ray could be done si-
multaneously with about the same
sensitivity for many elements.

The author has referenced his mate-
rial well so that further study in spe-
cific areas is easily achieved. There are
a number of good texts listed in the
general bibliography that may be used
as recent resource material. Most of
the other references refer to literature
published before 1975. The author has
chosen some of the most appropriate
references from that time period but
perhaps overlooks the major applica-
tions and directions this field is taking
today.

The figures used for illustration are
clean and the majority are easy to fol-
low. The author has made a judicious
selection of material to illustrate his
comments. This does not mean there
could not be some improvement. How-
ever, since the author has presented
most of the material just as it ap-
peared in the literature, he has gener-
ally selected the best material avail-
able.

There are only two areas that this
reviewer finds disconcerting. First, |
find the author has slanted the mate-
rial more toward ESCA than AES as
would be expected due to his own ex-
perience and background. However, in
doing so, one gets the impression he is
not thoroughly familiar with AES and
may misrepresent some aspects of the
technique. For example, the mode of
presenting AES data has historically
been in derivative form. There is no
physical barrier to prevent one from
plotting the data directly in the N(E)
mode, and recently this has become
more widely accepted because the
N(E) mode is more quantitative. An-
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other area that is not thoroughly ex-
plained is the analyzer design for AES.
Most Auger spectrometers were de-
signed for high transmission and low
resolution since many AES peaks were
broader than the corresponding ESCA
peaks, and historically the chemical
shifts in Auger spectra were not wide-
ly recognized.

The second somewhat related area
of discussion that I disagree with is
that of C contamination. The author
implies that C appears on every sam-
ple in an unavoidable fashion. At least
in the semiconductor industry, where
sources of contamination can be criti-
cal, there are many samples that ap-
pear C free. An inert or unreactive
surface will not readily pick up C from
the air if handled properly. Historical-
ly, Auger spectrometers have had
much better vacuum systems than
photoelectron spectrometers and have
been used in a manner much more
conducive to clean surface conditions.

These surface techniques and many
others have opened new frontiers in
materials science and have rapidly
gained in popularity. This audiocourse
does a good job of identifying some of
those areas and is a valuable source
for an introduction into this field.

PP of High Perf Lig-
uid Chromatography. A. Pryde and M.
T. Gilbert. xii + 255 pages. John Wiley
& Sons, Inc., 605 Third Ave., New York,
N.Y. 10016. 1979. $29.95

Reviewed by Howard G. Barth, Ana-
Iytical Division, Hercules Research
Center, Hercules Inc., Wilmington,
Del. 19899

Like most books of its genre, this
HPLC application book contains a
section on HPLC theory, equipment,
and practice in addition to an applica-
tions section. Although the theory and
equipment chapters are well-written
and relatively free of errors, they offer
little new information except to novice
chromatographers. The remaining
chapters in this section on the practice
of HPLC and modes of chromatogra-
phy contain some informative com-
ments of interest to practicing chro-
matographers. This section contains
adequate literature coverage with 233
references. However, topics are not
treated in any significant depth, and
many are just glossed over.

Only one serious error was found in
this section. In discussing column
packing materials, the authors state
that it is desirable for particles to have
fairly wide pores because “otherwise
solute molecules can become trapped
in the small pores thereby giving rise
to tailed peaks.” If this were true, gel



SIEMENS

Some X-ray diffractometers cost more
than others because, quite simply,
some are better than others.

Siemens has effectively
used its many years of diffrac-
tometer development and manu-
facturing experience to create
the D 500—a diffractometer
of superior construction. Its out-
standing design means greater
accuracy during all phases of
material examination; such
as qualitative analysis of
compounds or phases,
quantitative measure-
ment of mixtures, study
of lattice constants and
line profile effects and
evaluation of orientation
or stress.

Siemens D 500 has
been designed to permit
flexible operation in
three modes—fully auto-
mated, semi-automated
or manual. In the fully
automated mode the soft-
ware utilizes BASIC lan-
guage which is easier to
use than the FORTRAN
language in other systems.

Simplicity and ease of operation
mean you can concentrate on
analytical problems instead of
equipment operational problems.
The D 500 can operate in
either a horizontal or vertical
position and because the X-ray

tube is integrally mounted to the
diffractometer, the position may
be changed while maintaining

the alignment of the instrument.

The D 500 is available with
1. 40 or 80 specimen magazines,
each with sample rotation capa-
bilities. .. perfect for the routine
analysis of a large number of
samples. A specimen holder for
sample sizes of up to 50 mm
by 50 mm by 8 mm is standard
equipment for the D 500. And the
©. 26 motors operate at a high
speed of 400 degrees/minute as
well as a variety of independ-
ently selected scan speeds.

For complete details on
Siemens D 500 X-ray Diffracto-
meter, from both an analytical
and investment point of view,
write or call Mr. P. Arredondo:

_ Siemens
Corporation
Measurement
Systems
Division
2 Pin Oak Lane
Cherry Hill,
New Jersey
08034
Telephone:
(609) 424-9210

Invest in a Siemens Diffractometer.
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Books

permeation chromatography would be
in serious trouble! What happens, of
course, is that the solute will be ex-
cluded from the smallest pores which
will result in a lower capacity factor.
The application section covers
pharmaceuticals (antibiotics, antibac-
terials, antidepressants, CNS depres-
sants, anzlgesics, anti-inflammatory
drugs, diuretics, drugs of abuse, alka-
loids, miscellaneous drugs), biochemi-
cals (lipids, steroids, prostaglandins,

tricarboxylic acid cycle compounds,
carbohydrates, biogenic amines,
amino acids, proteins, nucleosides, nu-
cleotides, nucleic acid bases, porphy-
rins, bile pigments, vitamins), envi-
ronmentally important compounds
(pesticides, carcinogens, industrial
pollutants), plant and food products,
organometallic and inorganic com-
plexes, and separation of optically ac-
tive compounds. These chapters are
lucidly written and informative, al-

HPLC Reagents

oblents. buffersaltsand water are all specially
purified for the.demands of HPLC, produced by
J:-T: Baker. to the tightest speclhcahons in the
dustry ... UV-absorbance .. . water content
sresidue..refractive index. .. fluorescence
yes assay. Compare our label (and our product)
w[lh your.own, needs.

3-9017

Acetonitrile
HPLC

HPLC Solvents

Acetic Acid
Acetone
Acetonitrile
Benzene

Carbon Tetrachloride
Chloroform
o-Dichlorobenzene
Ether, Anhydrous
Ethyl Acetate
Heptane

Hexanes (85%)
n-Hexane (97%)
Isobutyl Alcohol
Methanol

Methy Chloride
Methyl Ethyl Ketone
Pentane
2-Propanol
Tetrahydrofuran
Toluene
2,2,4-Trimethylpentane
(iso-octane)
Water

Buffer Salts

Ammonium Acetate
Ammonium Carbonate

J T Bakerquallty is consistent. Check these 10
mmcutlve ]ots of HPLC grade Acetonitrile.

P
(Monobasic)
Sodium Acetate
Trihydrate
Sodium Bicarbonate
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J.T. Baker Chemical Co.
- Laboratory Products Jra’a\w
Phillipsburg, NJ 08865 | \os-
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though most of the 633 references in
this section are pre-1977 (52 are from
1977).

For each compound there is a thor-
ough discussion of HPLC methodolo-
gies and, as stated in the preface,
there are sufficient details of chroma-
tographic conditions to convey an idea
of the method's potential. In the drug
chapter, analysis of drugs in body
fluids as well as in pharmaceutical for-
mulations is presented. In addition,
the degradation and metabolic prod-
uets of many compounds are reviewed,
The book contains a compound index
as well as a subject index.

Of the nine appendixes in this book,
four are tables of commercially avail-
able HPLC packing materials; al-
though several vears old they are still
useful. However, the listing of GPC
packing materials is practically useless
because it is incomplete and does not
include pore-size ranges of each sup-
port. I see no reason why an appendix
describing the Wilke-Chang equation
for calculating diffusion coefficients is
included in an applications book. Sim-
ilarly, the appendix on calculating sur-
face coverage of bonded phases is out
of place in this book. The appendix
concerning the use of reverse phase
HPLC to measure partition coeffi-
cients and to predict biological activi-
ty could have been expanded into a
full chapter.

As a practically-oriented text on
HPLC applications this book has the
limitations cited; however, the chap-
ters dealing with drugs and biochemi-
cals are particularly useful. Thus, it
is recommended to pharmaceutical
chemists and biochemists who would
like a comprehensive survey of most
of the early literature.

New Books

Todd-Sanford-Davidsohn Clinical Diag-
nosis and Management by Laboratory
Methods, 16th ed., Vol. I. J. B. Henry,
Ed. xxiv + 1170 pages. W. B. Saunders
Co., W. Washington Square, Philadel-
phia, Pa. 19105. 1979. $49

The 16th edition is divided into six
parts, with three parts in each of two
volumes. The first part (16 chapters)
covers chemical pathology and clinical
chemistry. Among the topies included
are sources of variation in laboratory
measurements, reference values, theo-
ry and practice of laboratory tech-
nique, and therapeutic drug monitor-
ing and toxicology. The chapter on
principles of instrumentation covers
spectrophotometric and photometric
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Books

measurements, flame photometry, AA
spectrophotometry, and eight other
types of approaches. Radioimmunoas-
say and related techniques are the
topic of another chapter.

The Chemistry of Silica: Solubility,
Polymarlza\lon. Collold and Surface

, and Bioch y.R.K.
ller  xxiv + 866 pages. John Wiley &
Sons, Inc., 605 Third Ave., New York,
N.Y. 10016. 1979. $65

Chapter 5 covers silica gels and

powders in 159 pages. Among the top-
ics included are sources of silica gel,
factors controlling gel characteristics,
forming and shaping of gel particles,
and special gel structures. Short sec-
tions=are devoted to silica gels with
ion-exchange surfaces, commercial sil-
ica gels, and chromatographic column
packings. There are over 600 refer-
ences, some as recent as 1977.

Physicochemical

by Gas
Chromalography J. R. Conder and C.
L. Young. xix + 632 pages. John Wiley
& Sons, Inc., 605 Third Ave., New York,
N.Y. 10016. 1979. $75

This text was written for those
wishing to use GC in physicochemical

investigations. However, four of the 13
chapters would be useful for those
concerned with chemical analysis by
GC. Principles, advantages, precision
and accuracy of the GC method are
covered in the first chapter. The chap-
ter on basic theory and method for in-
finite dilution includes retention pa-
rameters, nonlinearity and concentra-
tion-dependent effects, and operating
conditions for good measurements.
Apparatus and experimental proce-
dures, including finite concentration
techniques and medium pressure
GLGC, are detailed in chapter 3. The
supported liquid and its interfaces are
the topic of chapter 11.

Continuing Series

GLC and HPLC Determination of Ther-
apeutic Agents. Vol. 9, Part 3. Kiyoshi
Tsuji, Ed. xiv + 528 pages. Marcel Dek-
ker, Inc., 270 Madison Ave., New York,
N.Y. 10016. 1979. $45

This volume is the last of three
parts of Vol. 9, and Part 3 continues

the full-scale exploration of Part 2
into the major drug classes. It contains
detailed methodology and also pro-
vides a critical review of the literature.
The 16 chapters are divided into two
parts: metabolic disease and endocrine
function agents, continued from Part
2, (11 chapters) and nutritional agents
and others (5 chapters). Many chap-
ters contain summary tables of drugs
with details on chromatographic con-
ditions.

U.S. Government Publications

Order copies of the following PRE-
PAID at the price shown by SD Cat.
No. from Superintendent of Docu-
ments, U.S. Government Printing Of-
fice, Washington, D.C. 20402. Foreign
remittances must be in U.S. exchange
and include an additional 25 of the
publication price to cover mailing
costs

A Reference Method for the Determi-
nation of Potassium in Serum. R. A.
Velapoldi, R. C. Paule, Robert Schaffer,

There's more to a Hamil-

ton syringe than meets the
eye. There's the extraordinary
accuracy and precision. The
unrivaled reliability.

More importantly, there
are two decades of know-
ledge in manufacturing
syringes for chromatography.
A seasoned understanding
that you can't mass produce -
a top-quality, precision
syringe. .

That's why we've created
manufacturing processes
that are often as unique as
our syringes. Proprietary
methods of creating compo-
nents to excruciatingly close
tolerances.

Nearly 70 individual op-
erations go into making a
Hamilton syringe to meet our
standard of accuracy.

We also combine these
processes with old fash-

ioned craftsmanship. As-
sembling each 700 syringe
by hand. By artisans who
take enormous pride in
doing their craft the "right"
way.

You'll find the ' measure of
our quality and craftsman-
ship each time you use a
Hamilton syringe. All the
care and time spent creat-
ing your syringe add up to
‘precision and accuracy,

THE MEASURE




Books

John Mandel, L. A. Machlan, and J. W.
Gramlich. 104 pages, 1979. $3.75. SD
Cat. No. 003-003-20068-1

A reference method for the determi-
nation of serum potassium based on
flame atomic emission spectroscopy is
described. Results from 12 laborato-
ries show that the standard error for a
single laboratory's performance of the
procedure ranged from 0.049 to 0.063
mmol/L with a maximum bias of 0.065
mmol/L over the range in concentra-

tions from 1.319 to 7.326 mmol/L.

Rate Coefficients for lon-Molecule Re-
actlons. L. W. Sieck. 27 pages. 1979.
$1.30. SD Cat. No. 003-003-02027-3

A compilation is presented of all ex-
perimentally determined biomolecular
and termolecular rate coefficients for
the reactions of organic ions (other
than those containing only C and H)
with neutral molecules in the vapor
phase. The literature covered is from
1960 to the present, and both positive
and negative ions are considered.

A Guide to Undergraduate Science
Course and Laboratory Improvements.
National Science Foundation, Science

Education Directorate. 1979. Free.
Order No. SE 79-40 from Forms and
Publications, National Science Founda-
tion, Washington, D.C. 20550

T'his book reports activities carried
out at colleges and universities from
1976-80 with support from the Na-
tional Science Foundation’s Local

Course Improvement and Instruction-

al Scientific Equipment Programs.
The complete project roster of 961
awards is arranged first by state and
itution. The subject index
entries contains project
descriptions and titles, key subject
terms, and equipment names for 804
projects.

ASTM Publications

The following are available from the
American Society for Testing and
Materials, 1916 Race St., Philadel-
phia, Pa. 19103 (U.S.A., Canada, and
Mexico, add 3% shipping charges.
Other countries, add 5 ).

Part 31 of the Annual ASTM Stan-
dards. 1304 pages. 1979. $38

Part 31 contains all of the ASTM

standards on water analysis (a total of

152), including many new additions.
Among the contents are sampling and
flow measurement, inorganic and or-
ganic constituents, radioactivity, and
water-formed deposits. New standards
include tests for: antimony in water;
volatile alcohols in water by direct
aqueous injection GC; and barium in
brackish water, seawater, and brines.

Part 42 of Annual ASTM Standards.
618 pages. 1979. $21

Part 42 contains 78 standards on
emission, molecular, and mass spec-
troscopy; chromatography; resinogra-
phy; microscopy; computerized sys-
tems; and surface analysis. New stan-
dards as well as standards which have
been revised or changed in status are
included. New standards include: AA
definitions relating to surface
y LC terms and relationships,
approximate determination of the cur-
rent density of large-diameter ion
beams for depth profiling of solid sur-
faces, and testing fixed wavelength
photometric detectors for use in LC.

which have set Hamilton
products apart for over 20
years. It's a concept of qual-
ity we won't change

When you're investing
thousands of dollars in a
quality GC or LC instrument,
doesn't it make sense to use
the finest syringe available,
to be sure that you get the
most accurate and precise
injections possible

All popular 700 Series

HAMILT&N

models are available for
off-the-shelf delivery. Let

ship yours

free, 800-648-5950 zor the
dealer nearest you, or write
for our current catalog, to
Hamilton Company, P. Box
10030, Reno, Nevada 89
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Nanograde Solvents-
vaule Chemical Purity

No solvent can be free of all possible impurities. But,
like gem-quality diamonds, Nanograde® Solvents are
made to be free of contaminants that would diminish
their value in their intended use.

Performance in

pesticide residue analysis.

All Nanograde products are essentially free of pes-
ticide-like impurities and non-volatile substances are
held to less than 5 ppm. They are closely controlled for
impurities which can interfere with pesticide analysis by
TLC or GLC with electron capture detection.

- Maximum interferring peaks are guaranteed nogreater
than that produced by 10 nanograms/liter of heptachlor
epoxide or 100 nanograms/liter of Parathion.

Chloro-

A Butyl
Y

form/C
Alcoh

1/Methyl Alcohol /P
pentane

Aat
Ether/Ethyl
/Petroleum Ether/Toluene/2,2,4-

Nanograde Solvents are conveniently
available from a nationwide network of
Mallinckrodt distributors. Contact us
today for more information and the name

of the distributor nearest you.

-
fh/uz Z/WL)

(800)325-7840".

When you need something speclal

Mallinckrodt, inc.

Science Products Division

P.O. Box 5840/St. Louis, Missouri 63134
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Editors’ Column

FACSS Meets in Philadelphia

The 6th Meeting of the Federation
of Analytical Chemistry and Spectros-
copy Societies (FACSS), held in Phila-
delphia, Sept. 16-21, 1979, was well
attended, despite the fact that the fall
American Chemical Society National
Meeting had been held in Washing-
ton, D. C. the preceding week. Ap-
proximately 1400 people participated
in this meeting where there were eight
competing sessions at any one time!
Sessions devoted to the latest tech-
niques, such as inductively coupled
plasmas, photoacoustic spectroscopy,
and field flow fractionation, compe!
with more applied sessions dealing
with forensic science, clinical chemis-
try, and steel analysis. Plenary lec-
tures and award addresses lent bal-
ance to the technical program.

Looking to the future, C. Th. J. Alk-
emade of the Netherlands gave a ple-
nary lecture “To Catch a Single
Atom” in which he reviewed the latest
work in detection of a single or a few
atoms. He discussed both resonance
and nonresonance optical methods
and optical/electrical methods such
as opto-galvanic, photoionization, and
field ionization. E. Bright Wilson of
Harvard University, in his award ad-
dress as Lippincott Medal Winner,
painted a rosy future for infrared
spectroscopy based primarily on the
development of tunable infrared la-
sers. In fact, Dr. Wilson predicted that
we are on the edge of a revolution in
infrared spectroscopy and that in-
frared will follow nuclear magnetic
T e in its develop These
predictions are based on the availabil-
ity of high power and coherence in
sources which will produce very rich
spectra. As the information provided
will be much more complicated, more
theoretical information is needed, and
the computer will be absolutely essen-

On a more practical level Joseph L.
Peterson of the Dept. of Criminal Jus-
tice, at the University of Illinois sum-
marized the status and problems of fo-
rensic science. This field is primarily a
service and therefore must demon-
strate its usefulness and its cost effec-
tiveness. Currently it is used mainly
by the prosecution, and the field is
challenged to take the offensive in se-
curing data which may be of value to
either the prosecution or the defense.

Similar problems exist in clinical
chemistry and in drug monitoring.
That is, the techniques and instru-
mentation used must be shown to be
of benefit to patients and to physi-
cians treating patients. Before any
regular drug monitoring program is
instituted, it must be demonstrated
that the level of drug(s) in the blood
correlates in some way with the pa-
tient's condition. Arthur Karmen of
the Albert Einstein College of Medi-
cine described some of his work in fol-
lowing the concentration of therapeu-
tic drugs in patient serum through
drug therapy of epileptics. Any suc-
cessful program such as this must be
able to provide answers, for instance,
while clinical patients are still in the
clinic. Does it help a physician to
know drug levels in serum of patients?
When does he (she) need to know
this? These are the questions faced in
possible drug monitoring.

There were general application
poster sessions on Wednesday in the
exhibition hall. There were also two
tutorial audiovisual sessions on Tues-
day, morning and afternoon, put on
by H. Sloane of SAVANT, Inc., Ful-
lerton, Calif. The morning program
dealt with atomic absorption and the
afternoon program with high perfor-
mance liquid chromatography. These
well-done education aids attracted

tial to deal with the large ts of

bers of people. Each pro-

data produced.

In his Anachem Award address, J.
J. Kirkland of Du Pont, described his
work with sedimentation field flow
fractionation (SFFF) which turns out
to be a useful separation method for
macromolecules and for use in particle
size determinations. SFFF, a retention
chromatographic technique based on
differential migration rates, uses a
continuous mobile phase and yields
a “fractogram.” Dr. Kirkland showed
through his work that the method also
has potential for use as a preparative
technique and can be used for bio-
polymer separations such as virus sep-
arations.

gram consists of four 45-minute slide
presentations with audio explanations.
Information is carefully and clearly
presented. Programs such as these
should help in training people—the
lack of well-trained chemists familiar
with the principles of modern instru-
mentation is a constant complaint
heard from those concerned with ana-
lytical problem-solving.

FACSS will meet again in Philadel-
phia in 1980 and '81. For next year's
meeting, Sept. 28-Oct. 3, Sidney
Flemming of Du Pont is Arrange-
ments Chairman and Ted Rains of
NBS is Program Chairman. _

+ Josephine M. Petruzzi
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Innovation
That Counts

PR4 introduces HighQuality,
Single Photon Counting
you can AFFORD.

A NEW 100 MHz Timer/Counter with preset
time and preset count, two channel ratioing,
analog and BCD outputs.

A NEW Amplifier/Discriminator with 10 nsec
pulse pair resolution, step adjustable gain,
and a 10 mV threshold.

A NEW Preamplifier with 40 dB gain and
10 nsec resolution.

FOR FURTHER INFORMATION CONTACT:

PRA US:

Roger H. Leach,

Director, System Sales,
Photochemical Research Associates.
309 Louisiana Ave..

Oak Ridge, Tennessee, 37830

(615) 483-3433
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45 Meg Drive, London, Ontario
Canada. N6E 2V2
(519) 686-2950 Telex 064-7597
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tip ejector or even its simple, reliable construction 1s
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Ohaus Brainweggh 300

Never before, for so little, coul

The Ohaus Brainweigh 300 costs only
$1,195 and gives you a capacity of 300g
with a readability of 0.013. (If you want
to find out how much that price s going
to save you, just check what our com-
petitors are charging for balances with
similar capabilities.)

And we didn't stop with just eco-
nomy. We went on to design in features
that would be costly “extras” on any
other balance on the market —if you
could even get them

Like extended visibility
- Stand up, sit down, go
L' to the back of the room. The
, display on the Ohaws 300 is
L still easy toread. That's

ecause the no-glare window with the
big, easy-to-read digits s deliberately
angled for maximum visibility wherever
you are. And that can save a lot of head-
aches whether you're in a lab, or on the
Iine or in a classroom.

It tells you when it's ready—
and when you've goofed
No more guessing
whether the balance has
settled down; no more
annoying digit flutter. When the “g”
appears beside the digits—in 3 seconds
or less—it's your guarantee that the
reading is stable.
And if the pan is overloaded or
dislodged, you'll get an error sign in
the window.

The 300 is a new generation
balance

This new, low-
profile balance 1s only a
little larger than an ord-
nary desk phone. But
packed inside 1s enough
advanced technology tomake the Ohaus
300 a generation ahead of any other
balance on the market. Its state-of-the-art
electronic components are almost en- *
tirely plug-in for easy service. And there
are fewer of them—for better reliability
and more dependable performance.

Want a BCD interface now—
or later? Youdon'thaveto

@ worry about it. Unlike
[ other electronic bal-

you get so much.

Parts and service are as near

ances, every Ohaws Brainweigh comes
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Nonlinear
Parometer
Estimation

Thomas A. Brubaker

Department of Electrical Engineering
Colorado State University
Fort Collins, Colo. 80523

Kelly R. O'Keefe
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Colorado State University
Fort Collins, Colo. 80523

This is a second paper in a two-part
sequence on the application of param-

can also consider vector measure-
ments where each ement vector

Instrumentation

Note that for the linear model, (5) is
dratic in the vector 3

consists of two or more individual
measurements taken at the same time.

For the nonlinear case, the model
becomes a function of the parameters
and this is denoted as the scaler quan-
tity

w[x B = flxy.8]. (2)

In both (1) and (2) the vector notation
is simply a shorthand way of saying
the model is a function of a set of in-

eter estimation in analytical chemis-
try. Linear parameter estirnation was
treated in the first paper (1), and this
will serve as background for the
present discussion. In this paper non-
linear parameter estimation is de-
scribed with emphasis given to gradi-
ent methods for the actual estimation
process. Two examples, one from spec-
troscopy and one from kinetics, are
used tod trate how nonli
parameter estimation can be applied.

As mentioned previously, the para-
mount problem in successfully using
parameter estimation in chemistry is
the develoy ofap ric ana-
lytical model or a valid experimental
data model for the chemistry being
studied. For the linear case, the model
is linear in the parameters and for
scaler measurements the model out-
put as a function of the independent
variables, possibly past dependent
variables, and the parameters is given
as

wlxi,B] = Mlxu]B. m

In (1) xy is the kth vector of indepen-
dent and dependent variables and S is
the parameter vector. The term .
w[xB] is the model output for a spe-
cific vector xy which implies known or
measured values for the independent
and dependent variables. The term
M]|xy] is a one row matrix whose ele-
ments are the independent and depen-
dent variables or are functions of
these variables. Carefully note that we

0003-2700/79/A351-1385$01.00/0
© 1978 American Chemical Soclety

dependent and dependent variables
and a set of parameters. An example is
an output that is the sum of two expo-
nential decays, such as might be ob-
served for the phosphorescence of a
binary mixture, where the model is
given by

w[kAt,B] = Bye=ikat 4 B o=kt

)

where At is the increment of observa-
tion time.

For both the linear and nonlinear
models, the most common error crite-
rion describing how well the model fits
the data is least squares where the
summed square error is given as

s=F il -wlndit. @

In (4), y|xy] is the measurement for
the known or measured values of the
kth vector of independent and depen-
dent variables. In vector form the
summed square error is given by

== -w (5)
where y is a vector of all m measure-
ments and w is a vector of all model

outputs. As shown in the previous
paper, for the linear case

w=Hpg (6)

where H is a matrix of all of the M’s
given in (1). The resulting optimal es-
timate found by minimizing (5) is

B = (H'H)'HYy. )

andif S is plotted versus m parame-
ters, S has the shape of an m-dimen-
sional bowl with single minimum.

For the nonlinear model, S is not

dratic in the p ters and the
shapeomeparamelenpmugen—
erally unknown. Here local minima
and maxima can occur, and as a result
the procedure to find the set of pa-
rameters that minimizes S must be
approached with caution. Probably
the most viable tool in this work is in-
teractive computer graphics that allow
the chemist to interact with the esti-
mation process as the computation
proceeds. By experience we have
found that the knowledge of the
ch led with the p
mplemenmuun of the algorithm to
find the best 3 eliminates many of the
problems associated with applying
= imation to

chemical problems.

Given the model for the chemistry,
the problem is to find the values for
the parameters that minimize the
summed square error S. The most ob-
vious solution is to simply search the
parameter space; however, this meth-
od is very time consuming even for
only a few parameters. Another alter-
native is to use a simplex approach
which is a well-known algorithmic
procedure for reaching a minimum. In
the chemistry literature, simplex has
been described by Deming and Mor-
gan (2). Given the summed square
error surfuce, a broad class of algo-
rithms generally classified as gradient
methods attempts to iteratively oper-
ate on the gradient of the error surface
to force the summed square error rap-
idly toward a minimum. Well-known
procedures are Newton’s method, the
Marquardt algorithm and Fletcher-
Powell variable metric method. A
more expanded list of gradient meth-
ods is given by Bard (3).

While no method for nonlinear pa-
rameter estimation has been shown to
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be best, the gradient methods often
are good choices in that convergence is
proven and the rate of convergence is
reasonably fast. However, most of the
gradient algorithms, as well as many
other methods, were designed for the
solution of sets of nonlinear equations
and not for parameter estimation
where the measurements are corrupt-
ed by noise. As a result, the impact of
the noise will usually lead to biased es-
timates, and the noise may have an ef-
fect on the convergence.

Because of space, emphasis in this
paper will be placed on the gradient
approach. Given the summed square
error as defined by (5), the basis of
these methods is to set up an iterative
scheme of the form

B =R+ PV (8)

where V;is a vector in the direction of
the proposed ith step and P; is a scaler
selected such that S;4; < 8;. In es-
sence, then, V; determines the direc-
tion of the new step and P; determines
its size so as to reduce the summed
square error. An important theorem
states that V; is an acceptable direc-
tion if and only if there exists a posi-
tive definite matrix R; such that

Vi=-Riy; (9)

where g; is the gradient vector. This
now means the iterative expression
given by (8) is following the gradient
down toward a minimum value for the
summed square S. This minimum can
be a local minimum. The gradient
methods vary in terms of the selection
of a method for choosing R;, ¢; and P;
and with methods for calculating their
values.

An approach to understanding the
behavior of the algorithms is based on
expanding the summed square error
given by (5) using the model given by
(2) in a Taylor series about a point f3;

Figurc 1. Ideal single exponentlal decay

in parameter space.
Doing this yields

’5([3.)4*( ﬁ.) (R

+ L@ = BOH@ -8+ .. a0

In (10) the term 05/0p; is the gradient
vector now denoted by

oS

op;
and H; is the Hessian matrix of second
partial derivatives whose elements are

'S
| & P = 1

Y 0808;
where i and j range over the m param-
eter values. Given (10), suppose we
truncate the series and let

Qi = S(8) + (g3 = B3)

=y (11)

(12)

+i - BHE =), aw

Since Q; is quadratic in 3 about the
point 3, Qi is bowl-shaped and has a
single minimum. Since S(53;) is a con-
stant, taking the derivative of Q; with
respect to 3 and setting the result to
zero will give the bowl minimum.
Doing this yields

(;(g' g+ HiB-p)=0. (14)
Assuming 5. is the ith estimate and
letting 3i41 = 3 = ith plus one esti-
mate (14) now gives

B =8—(H) g (15)

Equation (15) is known as the Newton
or Newton-Raphson method. This
method of gradient selection is effec-
tive as long as H; is positive definite so
that we know the algorithm is pointing
toward a minimum. This is generally
true if one is close to the minimum.
However, over the total parameter

space there is no guarantee that H; is
positive definite so the algorithm
often is not viable.

Most other gradient methods deal
with ways to foree R; in (9) to be posi-
tive definite. A well-known algorithm
is a Marquardt-type algorithm where
R; is chosen to be

Ri = [A; + N1 (16)

where A; is the Hessian or an approxi-
mation and A, is a constant chosen so
that R; is always positive definite. The
Levenberg-Marquardt algorithm is a
slight modification where A, is chosen
to be

A= (7

where J; is a matrix of first derivatives

with elements

of; l\m
oy

‘T'his selection of A; is useful for chem-
ical parameter estimation because it is
relatively easy to compute on an itera-
tive basis. In addition, if the madel
chosen is correct, JUJ; is proportional
to the Hessian as the error approaches
the minimum, thus, in this region the
algorithm behaves in a theoretic
manner.

Examples. In the first example, we
will demonstrate nonlinear parameter
estimation using the simple sampled
[)I'(l('L‘SS

iy = (18)

x(KAT) = c_“l

(19)

where 7 is the time constant of the ob-
served signal and AT is the sampling
interval. Such signals commonly occur
in time-resolved fluorescence and
phosphorescence spectroscopy and the
task is to estimate 7 when the data are
corrupted by noise. Using this model
with the collected data y, at intervals
AT, the summed square error is

Estimate Number

Figure 2, Convergence of estimates for time constants of
single exponential decay
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Milliliters of Picrate

Figure 3. Actual and simulated photometric titration curves

with kinetic complications

S= 5 (yGAT) — e=idT/4)2 (20)
i=1

For the case of 7 = 2 seconds, the ideal
data is given in Figure 1. The parame-
ter estimate is 2.015 seconds with ad-
ditive noise with zero mean and vari-
ance 0.1. This corresponds to a signal
to noise ratio of about 3. The conver-
gence of the Marquardt Algorithm for
an initial guess of 1.0 seconds is shown
in Figure 2. Note that the convergence
is dependent on the initial guess and
the amount of noise power, but that in
this case, convergence to a final esti-
mate occurs in less than 9 iterations.
The second example involves the es-
timation of kinetic parameters from a
photometric titration curve. If a ti-
trand, A, is titrated at a constant rate
with titrant T to produce a product, P,
it is the sole absorbing species at the
measurement wavelength, and in ad-
dition the titration reaction is
A+T2P. @1
k2
The differential equation that de-
scribes the rate of reaction at any time
in the titration is

) i ANCAIV - CLVY + (Al
+ kolCaVi/V — [A} = r[A]/V  (22)

where r is the rate of titrant addition
in Lsec™!, V; is the initial volume of
the titrand in L, C, and C, are the ti-
trant and titrand concentrations, re-
spectively, in mol L1, V is the volume
at time t, and d[A]/dt is the rate of ap-
pearance of species A. If all of these
parameters in a titration are known,
digital or analog techniques may be
used to simulate the titration curve,
i.e., produce an absorbance versus
time plot. If, on the other hand, the ki-
netic parameters are unknown, our

parameters

task is to estimate k; and ko so as to
obtain good agreement between simu-
lated titration curves and those exper-
imentally measured.

When 3.70 X 1074 mol L.=! creati-
nine was titrated with 1.19 X 1072 mol
L-! picrate, both in 0.200 mol L~!
NaOH, the data labeled actual in Fig-
ure 3 were obtained. Pairs of initial
guesses for k; in the range of 0 to 30 L
mol~! sec™! and for k, in the range 0 to
3 sec™! were supplied to the simplex
parameter estimation algorithm; the
differential equation was simulated
for the guesses; and summed square
errors were calculated using equation
4. Upon convergence, values of k; and
k. were obtained that yield the titra-
tion curve labeled simulated in Figure
3. Repeated titration/estimation gave
estimates of 4.67 + 0.11 L mol~! sec™!
for k; and 0.00172 £ 0.00012 sec™! for
ko.
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1963 from the University of Arizona.
Since that time he has taught at the
University of Missouri, Columbia,
and is presently a professor of electri-
cal engineering at Colorado State
University. His research interests are
digital systems, digital signal process-
ing, and their applications to instru-
mentation areas such as chemistry.
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Error Surface

Figure 4. Global error surface for estimate of kinetic

Figure 4 shows the summed square
error surface for pairs of k; and k» in
the parameter space. The complex na-
ture of this surface results from the
nonlinearity of the model and estima-
tion structure.
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The Essence of Modern Analytical
Chemistry

Every chemist would agree that modern-day analytical chemistry
differs radically from that of fifty years ago, and most would no doubt
point to the introduction of a variety of instrumental measurements as
the major difference. As striking as this difference is, it fails to get to the
e;selnce of what makes the modern approach different from the clas-
sical.

Fifty years ago, the only question analysts sought to answer was the
composition of matter, expressed as percentages of elements or com-
pounds in a sample. Even today, one occasionally encounters such a
narrow perception as to the goals of analysis, especially among those
remote from the modern-day science. The fact is that as the capabilities
of analytical science have improved, the demands placed upon it have
correspondingly increased. The first change was toward increasingly
demanding limits of detection and estimation of elements and com-
pounds. But when the newer methods also proved capable of yielding
information about oxidation state, crystal structure, coordination state,
etc., this further depth of information soon became a requirement in
special cases. When methods of high spatial resolution became available,
the demands for such information grew. When methods of detecting
transient, unstable, or unstable species in dynamic systems became
available, the need for such information at once emerged. Analysis of
living systems, including complex organisms, is at a research frontier
today, but no doubt will be a routine demand some day. Thus instru-
mental approaches are merely the means to an end, namely for more
detailed information in more complex systems, rather than being the
heart of the analytical process.

What, then, marks the essential change from the relatively simple past
of years ago? Analysis can now be more accurately described as being
applied to a problem, rather than to a sample. To be sure, sampling is
an important and often neglected part of the analytical process, but we
really are interested in the problem the sample represents rather than
the sample itself. To achieve these new goals of information, analytical
chemists need increasingly detailed understanding of the system undér
observation as well as the measurement devices. The essence of the
modern approach is a quest for fundamental understanding of a problem
rather than an empirical determination of composition.

MO L e
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Time and Spatially Resolved Atomic Absorption Measurements
with a Dye Laser Plume Atomizer and Pulsed Hollow Cathode

Lamps

R. M. Manabe' and Edward H. Plepmeler*

Department of Chemistry, Oregon State University, Corvallis, Oregon 97331

Time and spatially lved atomic ab

were made uslng a 1-us dye laser boam to atomize solid
samples of Cu, Al, and Pb alloys, steel, and graphite. Pulsed
holowcathodolampswllhpulusushonal1mweveuud

(third) electrode of a spark gap which discharged a 0.3-uF capacitor
through the lamp. The jitter time of this trigger circuit was 5
ms, much too long for these experiments. The relay in the primary
of the high voltage pulse transformer was replaced by a sili-
con- contmlled recitifier (GE C20D) which switched a 1.6-uF

as primary sources for the atomic P

The infl of le chamb were studied. The
time-integrated, abwmllon lpociul line profile of Cu In the
plume was observed during the first 60 us of the plume.

Intense focused laser beams have been used as atomizers
for atomic absorption spectroscopic analysis of solid samples
by several investigators (I-7). Mossotti et al. (I) and
Piepmeier (2) used Q-switched lasers to atomize the sample,
and flash lamps as the primary light source. Karyakin and
Kaigorodov (3) took advantage of the intense radiation emitted
from the laser plume itself as the primary source and used
the widths of self-reversed lines produced on film as an
analytical signal. Osten and Piepmeier (4) and Vul'fson et
al. (5) used pulsed hollow cathode lamps as primary sources.
Hollow cathode lamps operated in the dc mode have been used
as primary light sources by Matousek and Orr (6), who used
a graphite furnace to aid atomization by a CO, TEA laser, and
by Ishizuka et al. (7), who swept the atomized sample into an
auxiliary observation chamber by a rapid flow of argon gas.
The graphite furnace (6) and the auxiliary observation
chamber (7) were designed to mask emission signals from the
plume, which interfere with the observation of the absorption
signal. The masking effectively reduced the plume emission
signals relative to the dc hollow primary source signals, but
did not entirely eliminate sample emission in all cases.

Piepmeier and Osten (8) predicted from theoretical con-
siderations that the intense continuum emission from the
plume could be reduced by using a long laser pulse [of the
same energy], and by using a laser with a shorter wavelength
to reduce inverse Bremsstrahlung absorption of the laser
energy in the plume, which tends to result in intense plasma
emission. This study reports the results of using such a laser
to atomize solid samples, and using long and short-pulse
hollow cathode lamps as primary sources. The influence of
the pressure of the gas in the sample chamber is studied.

EXPERIMENTAL

Laser Microprobe. The laser used in these experiments was
a Chromabeam 1070 dye laser (Synergetics Research, Inc.). The
lasing dye solution (1 X 10* M Rhodamine 6B in 95% ethanol)
was circulated through the 1-cm bore of a coaxial flash lamp. The
maximum energy for the 1-us laser pulse was 0.1 J. The maximum
repetition rate was 3 pulses per min.

The original laser trigger used an electromechanical relay in
the primary circuit of a high voltage pulse transformer, similar
to that used in a conventional automobile ignition system. The
secondary circuit of the transformer was connected to the trigger

“ ;5 Pzr.uent address: Rockwell Hanford Operation, Richland, Wash.

harged to 350 V through the primary of the transformer.
This reduced the jitter time to 10 ps. During later experiments
it was found that a continuous flow of nitrogen through the spark
gap reduced the delay time before firing to 10 us, with a jitter
time of 1 ps.

The recla.ngular sample chamber had inside dimensions of 1.5
X 15X 4 in. Quartz wmdows were moun'.ed on five sides. The
sample chamber was ted on an XY adjustment
stage similar to the one used by Piepmeier and Osten (8) so that
the laser plume could be easily moved in the plane perpendicular
to the optical axis of the atomic absorption detection system for
spatial mapping. Additional micrometer translation stages were
positioned to allow the sample chamber to be moved with respect
to the laser beam so that any part of the sample surface could
be sampled (9).

Detection System. The emission studies used an f/11, 1-m
over-and-under research Czerny Turner spectrograph-spec-
trometer described by Osten (10). The first-order reciprocal linear
dispersion was 0.83 nm/mm. At the focal plane, either photo-
graphic or photoelectric readout modules were fitted. A 4 X 5-in.
sheet-film Polarmd phowgraphlc module was used for these
studies. The photoelectric isted of two 1P28 pho-
tomultiplier tubes to allow dual channel readout for simultaneous
monitoring of an analyte line and nearby background. This
spectrometer was also used for atomic absorption measurements.
Side-by-side 25-cm focal length parabolic mirrors were used to
focus the light from the plume into the spectrograph-spectrometer.
The mirrors were positioned to compensate for the astigmatism
of the spectrograph so that a point source at the plume was
correctly focused as a point at the focal plane of the spectrograph
(11). A 200-um horizontal slit was positioned 6 mm behind the
entrance slit for spatially resolved studies. This arrangement
produced maximum light transfer (12) and provided the spatial
resolution vital to these experiments. Two 1-m focal length
spherical mirrors in an over-and-under configuration were used
to direct the hollow cathode radiation through the laser plume
and spectrometer entrance optics.

The monochromator used in the atomic absorption spectral
line profile studies was a Heath Model EU-700 equipped with
a EU-701 ph Itiplier tube module. This monochromator
was employed as a variable band-pass filter to eliminate interfering
lines from the interferometer. The interferometer (Tropel Model
242) system was essentially the same one used by DeJong and
Piepmeier (13) with a 0.5-mm scanning aperture. The plates had
a nominal reflectivity of 97.5% between 300 and 330 nm.

A He-Ne laser was used to aid in the initial alignment of the
UV interferometer plates. A pin hole aperture was placed at the
exit of the He-Ne laser to cause the laser to diverge and fill the
working aperture of the interferometer. Four reflection spots were
observed, due to the surfaces of the two interferometer plates.
One of the four possible ways of superimposing two spots upon
each other was arbitrarily chosen, and the plates were adjusted
until a series of fringes was observed in the region of the su-
perimposed reflection. The adjustments were fine tuned until
the fringe spacing was a maximum. A low-pressure Hg lamp was
then placed on the axis of the interferometer. Corning Glass 3-72

0003-2700/79/0351-2066$01.00/0 © 1979 American Chemical Society



Tektronix 114
Pulse Generator

v

Figure 1. Electronic circuit used 1o pulse the hollow cathode lamp,
L. R1 =100 Q; R2 = 0.7 ©; R3 = 500 kQ; Q = SK-3111

and 4-68 filters were placed in front of the Hg lamp to allow the
green line of Hg (546.0 nm) to pass. Although the surfaces were
not highly reflective at this wavelength, when the proper two
surfaces of the plates were chosen, a series of concentric fringes
was v:slble to the naked eye when the eye was focused at infinity.
The al. t achieved by this technique was sufficient to observe
the profile of the Cu(I) 324.8-nm line with the interferometer,
and only final tuning with the piezoelectric drives was necessary
to obtain maximum finesse. The interferometer was enclosed in
a box with a 0.25-m thickness of styrofoam pellets surrounding
it for thermal insulation. Alignment stability was greatly improved
by leaving the power to the tuning piezoelectric drives on con-
tinuously. The gross alignment of the interferometer was stable
over a 2-month period, during which time only fine adjustments
of the piezoelectric drives were required to maintain maximum
finesse.

The finesse of the interferometer was determined to be better
than 18 from observations of a opic '®Hg electrodel
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Figure 2. Crater diameter vs. laser energy at atmospheric pressure
and 0.1 Torr for a pure copper target
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Figure 3. Crater diameter vs. laser energy at atmospheric pressure
for a NBS 461 steel sample

of only a few tenths of a volt) will saturate the base region of the
transistor with electrical charge. The excess charge will remain
for a short time (up to 25 us) after the input pulse had ceased,
allowing current to continue to flow from collector to emitter and
therefore through the hollow cathode lamp for this additional

t time. This ge time can be controlled from zero to

discharge lamp. The 312.6-nm Hg(I) line was used b of
its proximity to the 324.8-nm Cu(I) line.

The integrator for the electronic charge from the photomul-
tiplier anode was built by using the circuit designed by Piepmeier
(14). Because of the long integration times, R2 and C2 in this
circuit (14) were not necessary, and slower operational amplifiers
(MP 1039, McKee Pedersen, Inc.) were used. The diodes D1 and
D2 were reversed to accept the negative signals from the pho-
tomultiplier.

The hollow cathode pulsing circuit, Figure 1, used a 1000-V
transistor (SK-3111) as a switch in series with the hollow cathode
lamp and a 100-Q current limiting resmtor The emn.ter of the

25 ps by the input pulse amplitude and by the input pulse du-
ration. Since both the amplitude and duration of the input pulse
can affect the storage time, the amount of charge injected into
the base is an important factor in determining the storage time.

RESULTS AND DISCUSSION
Emission. Figure 2 shows the dependence of crater di-
ameter upon laser energy of the flash lamp pumped dye laser
for a copper target at atmospheric pressure in air and at 0.1
Torr (13 Pa). Figure 3 shows a similar variation in crater
diameter with laser energy at atmospheric pressure for a steel

npn SK-3111 transistor was d to d)
through a 0.7-Q resistor. A 500-kQ resistor was connected in
parallel with the transi: (bet the coll and emitter)

80 that a 1-mA background current contmually flowed through
the hollow cathode lamp. This backg d current pr

the hollow cathode from electrically floating when the transistor
switch was off and thereby provided more reproducible pulsing
characteristics for the lamp. A dc power supply of 800 V was
needed to produce the fast response times for the lamp. Lower
voltages produced slower response times for the lamp. Pulses
as short as 0.5 us were observed.

The base of the transistor was driven directly by the output
of a Tektronix Model 114 pulse generator. The magnitude of the
current pulses was controlled by the 100-Q series resistor when
the transistor was saturated (completely turned on). When the
transistor was not saturated, the transistor acted as a current
amplifier; the pulse current was controlled by the transistor, whose
current was in turn controlled by the output current of the pulse
generator. The current from the pulse generator was determined
by the output voltage of the generator, the 50-Q internal output
resistance of the generator, and the input characteristics of the
transistor circuit.

When the transistor is saturated, the output voltage of the pulse

also infl thed ion of the pulse, by increasing
the duration of the hollow cathode pulse by up to 25 us longer
than the input pulse to the transistor base. Therefore, a 1-us pulse
into the base must have an amplitude small enough not to saturate
the transistor if the hollow cathode pulse is to be as short as 1
#8. An input pulse of larger amplitude that causes the transistor
to turn completely on (identified by a collector-emitter voltage

ple (NBS 461 steel). For both pressures, the crater di-
ameter for the copper sample increases with increasing laser
energy, and pressure makes little difference in the shape of
the curve. However, over the same range of laser energies,
Piepmeier and Osten (8) found for a Q-switched Nd laser that
the crater diameters increased for a pressure of 1.0 Torr, but
remained constant with increasing energy at atmospheric
pressure.

Time integrated photographs, taken with the same spec-
trograph, showed a heavy spectral continuum emission in the
central region of the plume at atmospheric pressure for the
Q-switched Nd laser (8), and relatively little continuum
emission when the dye laser was used. There was negligible
continuum in the plume (except at the surface spot) for both
lasers at low pressure.

The differences in the crater and spectral results may be
due to the decreased irradiance caused by the flash lamp
pumped dye laser compared with the ir caused by the
Q-switched Nd laser, and also to the shorter wavelength of
the dye laser. The maximum energy flux at the focal point
was 2 X 10!! W/cm? for the 60-ns Q-switched laser and 2 X
10° W/cm? for the 600-ns dye laser (using the minimum crater
area observed as the focal spot area). The results of Piepmeier
and Osten (8) indicate that a minimum irradiance of § X 10°
W/cm? is needed in order to form a radiation supported shock
wave or atmospheric plasma that absorbs a major fraction of
the energy in the laser pulse, preventing all of the laser energy
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Figure 4. Time resolved atomic absorption at a height 2 mm above
the sample surface for the Ca(ll) 393.3-nm line at (a) 0.2 Torr and
(b) 760 Torr; and for the Ca(l) 422.7-nm line at (c) 0.2 Torr and (d)
760 Torr

from reaching the sample surface. The presence of a radiation
supported shock wave at atmospheric pressure could explain
the essentially constant crater diameter for the Q-switched
laser results and the intense spectral continuum. At the lower
pressure, the shock wave does not form, or is relatively in-
significant because of the greatly reduced concentration of
the atmosphere. The irradi caused by the dye laser is
too low to form a shock wave at either pressure, and the crater
diameters are therefore the same for both high and low
pressures.

The absorption coefficient of a radiation supported shock
wave is directly proportional to the wavelength of the laser
radiation being absorbed (8). The shorter wavelength of the
dye laser, 590 nm compared with 1060 nm for the Nd laser,
should further reduce the likelihood of forming a radiation
supported shock wave.

Time integrated photographic spectra of the dye laser plume
were observed for copper, aluminum, and Mg-doped (10%
w/w) graphite samples. The spectral band-pass of the
spectrograph was 0.04 nm. The 327.4- and 324.8-nm Cu(I),
the 309.3- and 308.2-nm Al(I), and the 285.2-nm Mg(I) lines
were completely self-reversed at atmospheric pressure. The
Cu and Al lines extended 2 mm above the surface of the
sample. The Mg line and its self-reversal extended 5 mm
above the surface, indicating that relatively unexcited Mg
atoms are widely distributed in the outer regions of the plume
even to a height of 5 mm.

The width of the darkened centers of the lines varied
smoothly from 0.4 nm at the surface to 0.1 nm at a height of
2 mm. The wider emitting wings of these lines varied in a
similar manner going from the surface to a height of 2 mm.

At low pressure (0.1 Torr), the lines were as narrow as the
image of the entrance slit of the spectrograph, except within
0.5 mm of the surface of the sample. Emission line widths
of 0.3 nm were observed within 0.5 mm of the sample surface,
less than the corresponding broadening observed at atmos-
pheric pressure. No self-reversal was observed.

At both high and low chamber pressures the broadening
near the surface may be caused by relatively high Doppler and
collisional broadening due to the initial high pressure of the
plume before significant expansion has taken place. The
increase broadening throughout the plume at high chamber
pressure could be caused by increased collisional broadening
with the atmospheric species and by increased collisional
broadening within the plume caused by atmospheric con-
finement of the plume.

Atomic Absorption. The presence of self-reversed
emission lines indicated that atomic absorption would be a
better way to observe the analyte than atomic emission for
this laser microprobe. A Ca-pulsed hollow cathode lamp was
used as the primary source to observe absorption of the
422.7-nm Ca(l) line and the 393.3-nm Ca(II) ion line. Ca was

chosen because there was a strong ion line in the pulsed hollow

LAMP LAsEﬂ

- 200p80¢
ﬁ 100%sT ﬁ
50 Torr 200 Torr
Figure 5. Oscilk i of time resolved atomic absorption

for the Mn(I) 403.1-nm line at vanous pressures. Observation height
= 2 mm. Steel sample: NBS 461

cathode lamp. Ca metal was used as the sample. Figure 4
shows the time resolved neutral atom and ion absorption
signals at a low pressure (0.2 Torr) of the sample chamber and
at atmospheric pressure. Observations were made at a height
of 2 mm above the sample surface. In Figure 4, the lamp pulse
began 0.4 ms prior to firing the laser. At 0.4 ms the laser fires
and an emission pulse from the plume sends the signal off the
top of the scale. As the emission subsides, and absorption
becomes significant, the signal comes back on scale and drops
below 100% T. At 0.2 Torr, the absorption of the neutral atom
extends beyond the hollow cathode pulse, while the ion line
absorption becomes negligible 0.25 ms after the beginning of
the plume. At atmospheric pressure, the neutral atom ab-
sorption lasted for 0.25 ms, while the ion line absorption lasted
for only 0.2 ms. The depth of the absorption peak for the ion
line is distorted by the relatively long 15-us RC time constant
(chosen to reduce shot noise) of the coaxial cable and load
resistor connected to the anode of the photomultiplier tube.

It appears from these results that the recombination rate
for Ca ions is rapid compared with the time required for
depletion of the free atom population, and that the recom-
bination rate is slower at lower pressures as would be expected
due to lower collisional rates caused by lower densities.

The influence of sample chamber pressure upon the sen-
sitivity and character of the atomic absorption signal was
studied by using a minor constituent, (0.3% w/w), Mn in a
NBS 461 reference steel sample. The steel sample was chosen
because it is certified to be homogeneous on the 1-um level,
and Mn was chosen because the peak absorption signals did
not approach too close to 0% T.

Figure 5 shows oscilloscope photographs of representative
pressures. Each photograph shows three traces. The traces
are displaced in time from one another because of the jitter
time of the spark gap of the laser triggering mechanism for
these runs. The magnitude of the peak absorbance reached
a maximum value at 50 Torr. Increases in sample chamber
pressure result in decreases in the time duration of the ab-
sorption signal. Figure 6 shows how the width of the ab-
sorption peak at first becomes narrower as the pressure in-
creases and then tends to level off above 100 Torr.

Three factors could conceivably contribute to the observed
changes in absorption peak amplitude and peak width: the
relationship of the spectral profile of the hollow cathode lamp
to the absorption spectral profile of the atoms in the plume;
the RC time constant of the coaxial cable and load resistor
connected to the anode of the photomultiplier tube; and the
spatial expanse of the plume.

The spectra profiles of the 403.1-nm Mn(I) line have been
observed in a hollow cathode lamp and a flame (15). Even
though the temperatures and pressures of these sources were
quite different from each other, the width of the spectral
profiles differed from each other by only 30% because of the
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Figure 6. Absorption pulse width (ms) at 10% of
absorption vs. pressure for Mn atomic absorption in a NBS 461 steel
sample

complex hyperfine structure of the lines. The individual peaks
of the hyperfine components, though relatively narrow
themselves at the low hollow cathode pressure, heavily overlap
each other to form a relatively wide overall emission peak, not
much narrower than the absorption peak in the atmospheric
pressure flame. Therefore, the relatively small changes in
spectral profiles caused by the pressure differences in the
plume experiments (similar to the pressure differences be-
tween a hollow cathode lamp and an atmospheric flame) would
account for only a small fraction of the large changes in peak
absorption observed with changes in sample chamber pressure.
This leaves two other considerations.

The absorption peaks in Figure 5§ for low pressures reach
their peak values well after the response-time delay caused
by the RC time constant. The response time is only delayed
on the rising or leading side of the absorption peak where the
light is rapidly decreasing. On the falling or trailing side of
the absorption peak, the light signal is rapidly increasing and
the low-output-impedance photomultiplier is rapidly charging
the capacitance of the coaxial cable, causing negligible dis-
tortion of the shape of that part of the peak. Evaluations of
the photographs show that the RC time constant delays in
the leading edges of the pulses could cause the observed widths
to be shorter than the true width by 0.02-0.06 ms depending
upon the magnitude of the initial emission spike which shoots
the trace off scale prior to the absorption peak. Therefore,
this time constant distortion could account for only a small
portion of the change in pulse width with pressure, especially
at the lower pressures. The time constant distortion could
account for a large part of the decrease in absorption peak
amplitude at pressures higher than 50 Torr, but does not
distort the peak amplitude at lower pressures where the peak
occurs well after any significant time constant delays.
Therefore, the decrease in peak width and the increase in
absorption peak amplitude with increased pressure at low
pressure must have other causes. One such cause (the third
factor considered) might be the influence that the chamber
pressure has upon the size of the plume (8).

Therefore, atomic absorption measurements were made
with 0.2-mm square cross section resolution up to heights 6
mm above the surface and out to 3 mm to the side of the
plume, the physical limits imposed by the sample chamber.
At 0.2 Torr, the peak absorbances at heights between 1 mm
and 2 mm were constant from the center of the plume out to
a radial distance 3 mm away from the center. However, at
atmospheric pressure, absorption decreased with radial
distance and was detectable only to a distance of 2 mm from
the center. At low pressure, absorption was detected up to
6 mm above the surface, but at high pressure, absorption was
not detected at or above 4 mm. For Cu and in a Cu sample,
absorption was not detected beyond 1.3 mm radial distance
at atmospheric pressure.
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These observations show that the presence of the atmo-
sphere has a confining effect upon the size of the plume; that
is, upon the distances that free neutral atoms are allowed to
reach after they are ejected from the surface of the sample.
Two mechanisms may be at work. First, the atmosphere may
act as a sort of outer shell which only slowly enlarges and
actively confines most of the atoms ejected from the sample.
The confining effect would cause an increase in concentration
within the confined region, which would result in an increase
in the peak absorption amplitude as the sample chamber
pressure increased, as is observed for pressures up to 50 Torr.
Secondly, the increased collision rate caused by the presence
of the atmosphere may cool down the translational energy of
the sample atoms and cause them to more quickly condense
or chemically combine among th s or with the air
species, shortening the life of the absorption peak, as observed
throughout the pressure region studied.

Precision. The relative precision of the atomic absorption
measurements varied between 10 and 20% as the sampling
site was moved to a fresh part of the surface for each laser
shot. In order to try to improve the precision of the Mn atomic
absorption measurement, the same spot on the NBS 461 steel
sample was repetitively sampled. A height of 2 mm was chosen
to allow the plume to expand and become more homogeneous
before the atomic absorption peak occurred. A pressure of
0.2 Torr was chosen because of the observed increase in
residence time of the atoms in the observation region. The
peak absorbances of the first three shots were 0.49, 0.25, and
0.21, respectively. The next 16 shots produced a relatively
constant absorbance of 0.18 with a relative standard deviation
of 6%. Calculations indicated that this was the relative
standard deviation expected due to shot noise. Therefore,
better analytical measurements would be expected if a tunable,
narrow-band laser were used instead of a pulsed hollow
cathode lamp to eliminate shot noise.

The change in absorbance during the first few laser shots,
and the improvement in precision of the measurements when
the sample is not moved between successive laser shots, in-
dicates the importance of reproducible surface preparation
in obtaining reproducible analytical measurements. One cause
of this initial change in absorbance during the first few laser
shots may be adosrbed gases on the sample surface (6).

Short-Pulse Observations. Oscilloscope readout of
absorption peaks is inconvenient for routine analytical work.
Electronically time integrated readout of the emission signal
from a short-pulse hollow cathode lamp would be easier to
work with, and a short enough pulse would improve time
resolution. A shorter hollow cathode pulse that was on only
during the measurement time could be made more intense
and thereby reduce shot noise. A copper hollow cathode lamp
was used because spectral line profiles were available for this
lamp (13). A 1-ps, 1-A pulse was used because it should exhibit
even less self-absorption than the 10-us pulses published by
Piepmeier and de Galan (16). A 1-us pulse also provides much
better time resolution for both diagnostic and analytical
studies.

The relative standard deviation for the time integrated 1-us
atomic absorption measurements for Cu in Pb foil at 1 Torr
and a height of 2 mm was 5%. The hollow cathode pulse was
triggered off of the laser pulse to avoid time jitter inherent
in the laser spark gap trigger. The shortest time between the
laser pulse and the hollow cathode pulse was 2 us, due to
delays inherent in the hollow cathode circuitry and the delay
time after initiating the pulse in the lamp before the lamp
emitted radiation.

At 2 us after the laser pulse, the absorbance was 0.4. The
absorbance rapidly decreased to 0.2 at 5 s, and remained at
0.2 until 100 us. From 100 us the absorbance gradually
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Figure 7. Emission spectral profile of the Cu(l) 324.8-nm line for a
hollow cathode lamp operated in the dc mode (a), and In the pulsed
mode (b). (c) Shows the spectral profile of the laser pulse for Cu in
Pb foil at 1 Torr. (d) Shows the spectral profile obtained from c by
smoothing and converting to absorbance

decreased to 0.16 at 1000 us. The constant absorbance be-
tween 5 and 100 us would tend to correlate with the pho-
tographic observations of Scott and Strasheim (17) who
observe similar laser plumes to “hang as a nebula” for 1-100
us after their initiation.

The possibility that nonspecific absorption could be causing
the initially high absorbances was checked by using a 6-us flash
lamp continuum in place of the hollow cathode lamp. No
absorption was detected above a noise level of 10%. Con-
sequently, the initially high absorbance at 2 us must be due
to Cu atoms. These results show that the 1-us pulsed hollow
cathode lamp is a better light source for Cu in Pb than the
long-pulse hollow cathode lamp that could not accurately
respond to absorbances at 2 us (because of the 15-us RC time
constant needed to reduce shot noise).

Spectral Profiles. The absorption spectral profile of Cu
in the plume from a Pb foil sample was observed by using a
Fabry-Perot interferometer and a pulsed hollow cathode lamp
as the light source. The lamp emission pulse was time in-
tegrated A lamp pulse current of 500 mA was used for

instant: tensity. The spectral profiles of
the lamp were observed for several pulse durations. The
spectral profile for a pulse duration of 60 us represented the
best compromise between a non-self-reversed emission spectral
profile, consistent with sufficient signal-to-noise ratio. Longer
pulse durations exhibited self-reversal and did not increase
the integrated intensity signal to significantly reduce shot
noise. Shorter pulses increased shot noise to unacceptable
levels.

Figure 7 shows the data from a typical run. Figure 7a shows
the emission profile for the 324.8-cm Cu(l) line from a Cu
hollow cathode lamp operated in the dc mode. The two peaks
are due to the hyperfine structure of the line (18). Figure 7b
shows the emission profile of the lamp operating in the pulsed
mode. Each vertical line represents one pulse. Figure 7c shows
the profiles obtained when the laser fired with every other

pulse of the lamp for a sample chamber pressure of 1 Torr.
This alternating mode of operation allowed the 100% T curve
to be obtained during the same run as the absorption profile
of the plume. This profile represents the time integrated Cu
absorption profile in the plume during the first 60 s following
the firing of the laser.

Figure 7d shows the absorbance profile that was calculated
after manually passing smooth lines through the 100% T and
absorption peaks in Figure 7c. The odd shape may be due
to uncertainties in the data points and smoothing routine, or
to actual changes in the absorption and emission spectral
profiles during the 60-us pulse (16, 19, 20). The relatively
narrow shape of the profiles compared with those of the dc
hollow cathode profiles indicates that the plume has cooled
to a Doppler temperature of less than 1000 K during the 60-us
pulse, which cccurs before the absorption signal at that
pressure begins to decrease. Absorption profiles for sample
chamber pressures of 50 Torr and above produced poorer
results because the central regions of the profiles were totally
absorbed.

To summarize the results of this study, the flash lamp
pumped dye laser microprobe craters are independent of
sample chamber pressure, indicating that very little of the laser
energy is absorbed in the atmosphere, in contrast to the results
obtained by using a Q-switched laser microprobe of similar
energy. Lower pressures produce narrower emission spectral
line widths. Low pressures also eliminate self-reversal of the
very broad lines still present at the sample surface. The
atmosphere shortens the lifetime of atoms and ions in the
plume, which tends to decrease absorption. The atmosphere
also has a confining effect upon the size of the plume which
tends to increase absorption. The net result is a maximum
absorption signal that occurs at a sample chamber pressure
near 50 Torr. At 1 Torr, absorption spectral profiles indicate
that a translational temperature of less than 1000 K is reached
during the first 60 us of the plume.
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Inductively-Coupled Argon Plasma as an Excitation Source for
Flame Atomic Fluorescence Spectrometry

M. S. Epstein,' S. Nikdel, N. Omenetto,2 R. Reeves,® J. Bradshaw, and J. D. Winefordner®
Department of Chemistry, University of Florida, Gainesville, Florida 32611

An Inductivel pled argon p (ICAP) Is used as a
narrow line radla!lon source for the excitation of atomic
fluorescence in several analytically useful flames (nitrogen-
separated alr/acetylene and nitrous oxide/acetylene). De-
tection limits for 14 el are pared to
fluorescence detection limits using other radiation sources and
to those of other atomic spectrometric techniques. Dominant
nolse sources which limit measurement precision at low and
high concentrations and the significance of and correction for
the scatter problem are discussed. The reduction of spectral
Interference observed in ICAP emission is demonstrated for
the deter tion of zinc in lloyed copper (NBS SRM-394
and -396). The technique Is also applied to the determination
of zinc in fly ash (NBS SRM-1633), cadmium and zinc In
simulated fresh water (NBS SRM-1643), and copper and zinc
In orange juice.

The inductively-coupled argon plasma (ICAP) has been
demonstrated (I) to be an excellent source for emission
spectrometry. However, the spectral characteristics of the
emission from this source, such as high intensity, excellent
short and long term stability, narrow linewidth, and freedom
from self-reversal, make it an ideal radiation source for the
excitation of atomic fluorescence in flames.

The first reported use of a radio-frequency, induction-
coupled plasma (36 MHz, 2 kW, Model SC15, Radyne Ltd.,
U.K.) as an excitation source for flame atomic fluorescence
spectrometry (AFS) by Hussein and Nickless (2) resulted in
relatively poor detection limits (3) (Table I) which probably
contributed to the absence of further development of the ICAP
as a source for AFS. However, the tremendous growth in the
use of the ICAP for emission in the last decade has resulted
in significant improvement in sample introduction and plasma
stability (4), which now makes the ICAP an excellent source
for AFS (5).

The advantage of the ICAP compared to other AFS sources
is its flexibility with respect to the availability of intense
atomic and ionic line radiation for many elements. Changing
from one element to another is simply a matter of aspirating
a different solution into the plasma, taking less than one
minute. The availability of many intense nonresonance and
ionic lines allows scatter correction to be easily performed
using the two-line technique (6).

ICAP-excited AFS can also offer an alternative to ICAP
emission when spectral interferences which are observed with
monochromators of medium resolution (>0.01-nm spectral
bandpass) significantly limit emission analysis. Interferences
in emission due to changes in the plasma background radiation
(which require a background correction procedure) are not
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Bureau of Standards, Washington D.C.
20n leave from the Institute of Inorganic and General Chemistry,
University of Pavia, Pavia, Italy.
Present address: Department of Chemistry, Biochemistry and
Biophysics, Massey University, Palmerston orlh, New Zealand.

observed using AFS. Line spectral interferences which cannot
be resolved may also be reduced or eliminated because of the
spectral selectivity of flame AFS. This selectivity results from:
(a) differences in atomization, excitation, and ionization
properties of the flame and plasma; (b) differences in quantum
efficiencies between analyte and interferent lines; and (c) the
property of the flame as a resonance detector with an effective
spectral bandwidth equivalent to the width of the absorption
transition.

We have investigated the application of the ICAP as an
excitation source for atomic fluorescence using a simple optical
setup, low resolution monochromator, and nitrogen-separated
air/acetylene and nitrous oxide/acetylene flames. Detection
limits obtained for 14 elements are compared to AFS detection
limits using other excitation sources and to detection limits
of other atomic spectrometric techniques, such as flame atomic
absorption and ICAP emission. The noise sources limiting
precision at low and high concentrations are delineated and
the effect of various instrumental parameters such as spectral
bandpass and ICAP nebulizer pressure on signal-to-noise ratios
is described. The scatter problem is evaluated and the two-line
method is applied for scatter correction. ICAP emission and
ICAP-excited AFS are applied to the analysis of zinc in
unalloyed copper (NBS SRM-394 and -396) and the AFS
technique is employed to correct for a zinc-copper spectral
interference at the 213.9 nm line in ICAP emission.
ICAP-excited AFS is also employed for the analysis of copper
and zinc in orange juice, zinc in fly ash (NBS SRM-1633), and
cadmium and zinc in simulated fresh water (NBS SRM-1643).

EXPERIMENTAL

Instrumentation. The instrumentation used in this study
is described in Table I and a diagram of the arrangement of
experimental components is shown in Figure 1. Radiation from
aqueous solutions of the analyte element aspirated into the ICAP
is modulated at 600 Hz and focused by spherical quartz lenses
on the separated flame. A reflector is placed behind the flame
to provide a double-pass system. The fluorescence monochromator
is placed 4 cm from the flame center and the viewing area is
centered 2 cm above the burner head. A light trap is placed
opposite the flame from the monochromator to reduce stray light
and scatter effects. Once optical alignment is attained, the only
ICAP parameters that must be optimized for different elements
are the argon pressure to the nebulizer and the concentration of
the solution nebulized. Torch position is not critical, since the
entire emission area above the coils is focused on the area of the
flame viewed by the fluorescence monochromator.

Emission measurements from the ICAP were performed as
described previously (7).

Excitation Source (ICAP) Solutions. The solutions used
for excitation of analyte emission from the ICAP contained 10
to 20 mg/mL of the analyte. Whenever possible, these
“excitation” solutions were prepared by acid dissolution of the
high purity metal or metal oxide, although other compounds
(nitrates, chlorides, etc.) were employed when the former were
not available. The selectivity of the fluorescence technique using
line source excitation (i.e., its ability to discriminate against
spectral interferences) depends on the spectral purity of the line
source and, if significant interferent contamination exists in the
excitation solution, interferent emission will be excited in the ICAP

0003-2700/79/0351-2071$01.00/0 © 1979 American Chemical Society
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ICAP emission

Table I. Limits of Detection (ng/mL)
ICAP-excited AFS®-4
this
element A, nm° flame® work ref. 2
Al 308.2 S-NOA 1000 =
309.3
As 235.0 S-AA 5000 =
Ca 422.6 S-AA 4 100
Cd 228.8 S-AA 0.8 80
Co 240.7 S-AA 11 2
241.1
241.4
2425
Cr 357.8 S-AA 2 -
359.3
360.5
Cu 324.7 S-AA 2 50
327.4
Fe 248.3 S-AA 6 =
248.8
249.0
Mg 285.2 S-AA(fr) 0.09 5
Mn 279.5 S-AA 2 100
279.8
280.1
Mo 313.3 S-NOA 400 =
315.8
Pb 283.3 S-AA 800 =
v 318.6 S-NOA 400 =
318.4
318.3
Zn 213.9 S-AA 0.5 80

same

line® commercial/  best? AFS line" AASf
23 15 1 120 30
142 25 25 70 100
10 4 0.0005 0.3 1
27 1 0.3 0.2 1
>23 2 0.4 1.5 10
23 4 1 0.3 3
5.4 2 0.3 0.3 2
>20 2 0.2 0.6 10

1.6 20/ 0.01 0.09 0.1
12 0.5 0.06 0.5 2
>37 5 0.5 750 30
142 20 10 10 20
>17 2 0.2 88 60
1.8 2 0.3 0.2 2

% Wavelengths of major fluorescence line(s) contributing to the fluorescence spectral intensity. Since the spectral band-

pass of the monochromator is 16 nm, other lines may contribute some intensity (3).
rated air/acetylene; (fr) = fuel-rich; S-NOA = nitrogen-separated nitrous oxide/acetylene.

Flame type: S-AA = nitrogen-sepa-
¢ Detection limits from this work

correspond to an analyte fluorescence signal equal to 3 times the standard deviation of the base line (SNR = 3) calculated

from either sixteen 1-s integrations or from ?/, the peak-to-peak noise on the base line using a 3-s time constant.
¢ Predicted ICAP-emission limits of detection (12) for the same line(s) used to excite AFS.

ref. 2, 3 (SNR = 2).

cial multiclement limits of detection (26) based on SNR = 2 for ICAP emission.
ICAP emission using pneumatic nebulization (SNR = 2) (25).
! Atomic absorption detection limits (SNR = 2) (24).

flame (SNR = 2) (3).
lytical line, not the most sensitive line (26).

4 From
f Commer-
¥ State-of-the-art limits of detection for

' Line source atomic fluorescence detection limits in asimilar

/ Limit of detection based on the normal ana-

CHOPPER

icap

L SEPARATED REEER

S riane

Lens & | </
Puresy

FLUoRESCENCE
MONOCHROMATOR

/ JEMISSION

{ [ _MonocHRoMATOR
Lock-in n v [
. AMPLIFIER
Irev
oy ] E(connu mnvuﬂ

Figure 1. Diagram of experimental layout of components for mea-
surement of ICAP-excited AFS and ICAP emission

which may degrade the selectivity. The effect of such con-
tamination is discussed more fully for the analysis of zinc in
unalloyed (high-purity) copper.

The use of solutions of such high concentrations does not
significantly degrade the ICAP performance by clogging the
sample orifice of the torch or the nebulizer during an 8-h working
day. However, to prevent such degradation on prolonged use,
which would result in source intensity drift, the torch is cleaned
after a day’s use in a solution of 1:3 viv HNO,;/HCL

Fluor Standards. Standards for AFS meast
were prepared from the same solutions used for excitation in the
ICAP using serial dilution with deionized water and sub-boiling
distilled acids prepared in this laboratory (8).

Sample Preparation. The samples analyzed by ICAP-excited
AFS and ICAP emission were prepared as follows:

(1) Orange juice—dry ashing procedure is described by McHard
et al. (7).

(2) Fly ash (NBS SRM-1633)—wet ashing procedure is de-
scribed by Epstein et al. (9).

(3) Unalloyed copper (NBS SRM-394 and -396)—dissolution
of 1 g of copper is carried out in 10 mL of sub-boiling distilled
HCI with dropwise addition of sub-boiling distilled HNO; until
complete, reduction in volume after dissolution by evaporation
to 2 mL, and finally the solution is diluted to a volume of 100
mL.

(4) Simulated Fresh Water (NBS SRM-1643)—direct analysis
is performed.

RESULTS AND DISCUSSION

Limits of Detection. As shown in Table I, limits of de-
tection for many of the elements examined using ICAP-excited
AFS approach, equal, or even exceed in one case (Mo) the best
conventional atomic fluorescence detection limits (i.e., nonlaser
source) ever obtained in similar flames (i.e., nitrogen-separated
air/acetylene or nitrogen-separated nitrous oxide/acetylene)
using a relatively conservative time constant (3 s) or inte-
gration time (1 s) and a rigorous (SNR = 3) definition of
detection limit. While the fluorescence detection system for
ICAP-excited AFS is well optimized for a background
shot-noise limited, dispersive system, using double-pass optics,
light traps, and a very low resolution (spectral bandpass =
16 nm) monochromator, the optical transfer of the ICAP
emission to the flame can be improved by at least an order
of magnitude by the use of an ellipsoidal reflector (10, 11)
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Table II. Instr tation and Operating Pa t
component description operating parameters
ICAP PT-1500 torch assembly and HFP-15600D RF 1.5-kW power, 15 mL/min argon
. generator (Plasma Therm Inc., Kresson N.J. coolant flow rate
nebulizer concentric-ring glass neublizer T-220-A2 . E. buli ptimized
Meinhard Assoc., Santa Anna, Calif.) for individual elements—from 156
to 35 psi; solution flow rates
= 0.75 to 1.75 mL/min; argon
L flow rate < 0.5 L/min
emission EU-700 monochromator (Heath Company, 1-mm slit height, 25-um slit
monochromator Benton Harbor, Mich.), 0.35-m focal length, width (effective 0.05-nm
f16.8 aperture, 1180 groves/mm, grating spectral bandpass)
blazed for 250 nm, adjustable slits, 2 nm/mm
reciprocal linear dispersion
fluorescence H-10 monochromator (UV-V) (JY Instruments, 2-mm slit width except where
monochromator Metuchen, N.J.) 0.1-m focal length, noted in text; 1-cm slit height
f13.5 aperture, 8 nm/mm reciprocal linear
dispersion, holographic grating with 1200
groves/mm, with 0.05-, 0.5-, 1-, 2-mm slits
providing spectral band of 0.4, 4, 8,
and 16 nm, respectively
emission R-928, (Hamamtasu TV Corp Ltd., Middlesex, N.J.) 1000V
photomultiplier
fluorescence 1P28, (RCA Copr., Harrison N.J.) 600 to 900 V, depending on

photomultiplier
current-to-voltage

background emission from flame

Keithley 427 (Keithley Instrument

1- or 3-s time constant

600 Hz

converter Company, Cleveland, Ohio)
lock-in amplifier Keithley 840 Autoloc amplifier, wideband
recorder ‘Texas Instruments, Houston, Tex.
chopper Model 125, (Princeton Applied Research

Corp., Princeton, N.J.)
nebulizer and mixing
chamber for flame

Corp, Norwalk, Conn.)
burner heads
with auxiliary sheath
lenses
mirror

Corp., Jamaica, N.Y.)

Perkin-Elmer adjustable nebulizer and mixing
chamber with flow spoiler (Perkin-Elmer

5-8 mL/min aspiration rate

circular stainless steel capillary burner head

Spectrosil, 5-cm diameter, 9-cm focal length
5-cm aluminum-coated spherical with 5-cm
focal length (Klinger Scientific

placed off-axis or behind the plasma to collect a much larger
solid angle of emission. This should improve detection limits
by the increase in the light gathering power, assuming scatter
does not become a significant noise source. We are presently
collecting only about 2% of the source radiation using 5-cm
spherical lenses with a focal length of 9 cm. Detection limits
can also be improved by increasing the integration time or
time constant and the concentration of analyte in the ICAP.
The former will result, of course, in an increase in sample
consumption and the latter can be used only for short periods
of time to prevent clogging of the nebulizer or plasma torch
sample orifice, but an order of magnitude improvement may
be obtained in some cases by increasing both concentration
in the ICAP and the integration time by a factor of 10.
The ICAP-excited AFS detection limits are a function of
the atomic emission intensity from the ICAP and the flame
background emission intensity. Shot-noise induced by the
flame background emission is the limiting noise source at the
detection limit using the 16 nm spectral bandpass with both
separated air- and nitrous oxide/acetylene flames. The effect
of spectral bandpass on the signal-to-noise ratio (SNR), and
thus on the detection limit, is shown in Figure 2 for cadmium
in an air/acetylene and vanadium in & nitrous oxide/acetylene
flame. In the former flame, the SNR shows a slight decrease
upon changing from a 16-nm spectral bandpass (2-mm slits)
to a 4-nm spectral bandpass (0.5-mm slits), which is consistant
with the changes in solid angle observed using the H-10
mc tor without focusing optics. Geometrical con-
siderations show that over 2 cm of flame height are observed
by the collimator although the vignetted region (ie., the region
in wluch the fluorescence mdmuon does not fill the collimator
pletely) is id tended, owing to the small
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Figure 2. Effect of spectral bandpass on the ICAP-oxcited AFS
signal-to-noise ratio from (W) cadmium in a ge!

acetylene flame and (%) ina nnroua
oxide/acetylene flame (20 ng/mL Cd; 100 uglni. V)

effective aperture (2.86 cm) of the collimator. In all cases,
the slit width is such that the overall width of the flame is
viewed by the collimator. The considerable decrease in SNR
upon a further 10-fold d in tral bandpass is due
to a change of the dominant noise from flame background-
induced shot-noise to photomultiplier dark-current shot-noise
and/or electronic noise. In the case of vanadium in the nitrous
oxide/acetylene flame, the more significant decrease in SNR
for the decrease in spectral bandpass from 16 to 4 nm is likely
due to the exclusion of fluorescing lines from the bandpass
which decreases the signal more than the case of cadmium,
which involves one fluorescing line. The less significant
decrease in SNR observed in the change from 4 nm to 0.4 nm
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is also due to the exclusion of fluorescing lines and geometrical
considerations, since the flame background-induced shot-noise
i8 still limiting at the smaller bandpass.

For some el ts, the ICAP. d AFS detection limits
are within an order of magnitude of the best reported
ICAP-emission detection limits (Zn, Cr, Cd, Mg, Cu) listed
in Table I. Furthermore, the ICAP-excited AFS detection
limits are better than or equal to the detection limits ob-
tainable on a commercial ICAP spectrometer for these same
elements. These detection limits are representative of what
we can obtain using our medium resolution monochromator
(0.04-nm spectral bandpass) for ICAP emission.

Of further interest is a comparison of detection limits for
ICAP-excited AFS and ICAP emission using the same line.
A recent publication by Winge et al. (12) estimated detection
limit capabilities for the prominent lines of 70 elements
emitted in an ICAP excitation source. Their estimated de-
tection limits using the lines with the best signal-to-back-
ground ratio are very close to the experimentally determined
detection limits for a commercial ICAP instrument which were
presented in Table I. The predicted ICAP-emission detection
limits for the atomic resonance lines which we used to excite
fluorescence (12) are also presented in Table I. It is interesting
to note that for every element (except Pb and As) determined
in a nitrogen-separated air/acetylene flame, the ICAP-excited
AFS detection limits are from two to twenty times better than
the predicted ICAP-emission detection limits for the same
lines.

When detection limits are determined at the same line, the
factors which must be considered are the solid angle of the
ICAP emission focused on the flame vs. the solid angle viewed
by the emission monochromator, the emission intensity of the
excitation solution (10 mg/mL) in the ICAP vs. the emission
intensity of the solution used to determine the ICAP-emission
detection limit, the noise sources limiting detection for each
technique, and the efficiency of emission and fluor
excitation, collection, and detection. Although the signal in
ICAP-excited AFS will suffer with respect to factors such as
the fluorescence quantum efficiency (typically 0.01-0.05 in
an air/acetylene flame) (13) and monochromator collection
efficiency (since only a small percentage of fl ra-
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Figure 3. ICAP-excited AFS analytical growth curve (A) and precision
curve (B) for zinc in a nitrogen-separated air/acetylene flame at 213.9
nm

Scatter. The problem of scattered radiation is perhaps the
most significant interference in AFS when resonance tran-
sitions are employed. Scatter can occur from environmental
sources, such as reflections off mirrors and burner heads, but
this type of scatter is significant only when it becomes a
dominant noise source due to either source-induced shot-noise
or flicker. The latter is a problem with some pulsed dye lasers
(17), where pulse to pulse variations may be 10% at a
minimum. In ICAP-excited AFS, we observed environmental
scatter to be significant only for those elements with detection
limits less than about 5 ng/mL, and even in the case of
magnesium, with a detection limit of 0.09 ng/mL, the scatter
signal was not a significant noise source.

The other type of scattered radiation is that due to un-

diation is collected), ICAP-excited AFS will gain based on the
solid angle of collection of ICAP emission and relative
background emission intensities of the ICAP and the ni-
trogen-separated air/acetylene flame. The qualitative sig-
nificance of these factors is illustrated by the improvement
of the “same line"” ICAP-emission detection limits using
ICAP-excited AFS as a detection system, as shown in Table

Precision and Linearity. In Figure 3A, a typical
ICAP-excited AFS analytical growth curve is shown, in this
case for zinc, which is linear over slightly less than 4 orders
of magnitude. In Figure 3B, a precision plot is shown for this
same element, based on sixteen 1-s integrations at each data
point and repeated twice. The analytical precision at high
concentrations is on the order of 1 to 2% and is primarily
limited by the source (ICAP) stability. This is in agreement
with other researchers (4, 14), who have reported the ICAP
precision to be limited primarily by fluctuations in the
nebulization and sample transport system to about 1%.

The long term stability of the ICAP emission is excellent
(14), on the order of a few percent over long time periods, and
thus its use to excite fluorescence represents a considerable
advantage over many previous sources used for AFS such as
electrodeless discharge lamps, which must be carefully
thermostated (15) under certain conditions, and the Eimac
short-arc xenon lamp (16), which has a much lower intensity
in the ultraviolet.

dissociated matrix particulates in the analytical flame. This
scatter has been catagorized as primarily being of the Mie
variety (i.e., due to particulates much larger than the
wavelength of scattered radiation) (6, 18) and does not have
an easily defined relationship to wavelength as Rayleigh scatter
does (I = A%). A loss in accuracy will result from this type
of scatter, since it may be mistaken for atomic fluorescence.
The scatter interference is much more severe using continuum
excitation sources than line sources, because of the greater
spectral width of the former.

The primary method for correction using line excitation
sources, the two-line technique (6, 19), is based on the narrow
linewidth of the atomic fluorescence and the assumption that
the scatter signal does not change appreciably in the wave-
length vicinity of the atomic fluorescence line. Another line
from the source, which does not excite significant analyte or
matrix fluorescence, is found near to the analyte line and the
scatter signal is measured at that line, corrected for the relative
intensities of the two lines, and subtracted from the signal
excited by the analyte source line.

The ICAP is the ideal source for scatter correction using
the two-line technique because of the great number of intense
ion lines excited by the plasma. The ionic population of
air/acetylene and electron-buffered (1 mg/mL K as KCI)
nitrous oxide/acetylene flames is insignificant for most el-
ements and thus these ion lines are available for scatter
correction along with many other nonresonance transitions.
These lines are equally as useful for the correction for broad
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Table III. Sample Analysis Using ICAP-Excited AFS and ICAP Emission

analyzed values, ug/g?

sample element certified value, ug/g® ICAP-excited AFS ICAP emission

unalloyed copper (SRM-394) Zn 375+ 38 376+ 3 3251+ 25
unalloyed copper (SRM-396) Zn 4.7+ 0.3 48+ 0.1 c
fresh water (SRM-1643) Zn 0.065 + 0.003 0.0656 + 0.0008 d

Cd 0.008 + 0.001 0.0079 d
fly ash (SRM-1633) Zn 210 = 20 219+ 4 d
orange juice Cu e 0.57 0.60

Zn e 0.45 0.46

f' Office of St'.:mdard Reference Materials, National Bureau of Standards, Washington D.C. 20234. ° : one standard devi-
ation of analytlgal result_s where multiple samples were analyzed. ¢ Cannot be analyzed by ICAP emission with our experi-
mental setup. Analysis capability of ICAP emission for this element in this matrix already established. ¢ Not a standard

reference material.

band molecular fluorescence interferences although such
interferences would be expected to be more severe with a
continuum source than a line source.

The magnitude of the matrix-scatter interference in
ICAP-excited AFS was investigated for the zinc 213.9-nm line
using a 5% high-purity lanthanum solution. The scatter signal
was equivalent to a concentration of 60 ng/mL Zn and could
be corrected for completely using the Cd II line at 214.4 nm
generated by 10 mg/mL Cd in the ICAP. It should be noted
that any solutions used for production of “scatter-correction”
radiation in the ICAP must be significantly free of analyte
or an overcorrection may result. Comparison of analyte
emission line intensity and scatter correction emission line
intensity from the ICAP is made experimentally using a 5%
high-purity lanthanum solution (6, 20). The presence of
analyte contamination in the scatter correction solution as-
pirated into the ICAP can be evaluated by observing if any
signal is generated by an analyte standard in the flame. In
general, care must be taken that the “scatter correction”
solution does not emit spectral components capable of exciting
fluorescence within the spectral bandpass of the mono-
chromator.

Another possible method for scatter correction using the
ICAP is based on the shape of the “excitation” curve of growth
(5). The technique is similar to the method described by
Haarsma et al. (21), which takes advantage of the self-ab-
sorption of the source at high concentrations. In the con-
centration range on the plateau region of the excitation curve
of growth, the fluorescence intensity will not appreciably
increase while the emission intensity and thus the scatter will
increase. Aspirating two different high concentrations of the
element being determined into the plasma and knowing the
effect of the two different concentrations on the fluorescence
and the emission signals, one can calculate the scatter signal
and subtract it out.

Applications. Zinc in Unalloyed Copper (NBS SRM-394
and -396). The determination of trace zinc in high purity
copper is a difficult analytical problem using either atomic
absorption or ICAP emission. The major zinc resonance line
at 213.856 nm is subject to a direct spectral interference by
the copper 213.853-nm nonresonance transition (11203-57949
cm™). This interference has been reported (6) for flame atomic
absorption analysis and requires an electrodeposition of the
copper from solution (22) or a high-resolution atomic ab-
sorption technique employing wavelength modulation and
line-nulling (23) before accurate analysis can be performed.
The problem using ICAP emission is illustrated in Figure 4
by a scan of the wavelength region of the zinc 213.856-nm line
for the unalloyed copper SRM 396. While the majority of the
copper lines are easily resolved, the 213.853-nm line cannot
be with the resolution available in spectrometers typically used
for ICAP emission. Even with an echelle spectrometer
(spectral bandpass = 0.003 nm), this line pair has been shown
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to exhibit an overlap (23). The emission from this line at a
concentration of 10 mg/mL copper is equivalent to the
emission from approximately 20 pg/mL of zinc, making
analysis impossible without the use of zinc-free copper for
matrix-matching. The Zn II line at 206.2 nm can be used for
the determination of zinc by ICAP emission without line
spectral interference from copper, although background
correction by ing over the length region of the line
is still required to correct for a change in the background level
caused by either stray light due to copper emission or changes
in the plasma background. The zinc detection limit for this
line was found to be approximately 4X worse than at the
213.9-nm line, in agreement with the results of Winge et al.
(12). While SRM 394 was analyzed (375 ug/g certified value),
SRM 396 (4.7 ug/g certified value) could not be analyzed
because of its low zinc concentration, the poorer detection
limit, and the continuum background in the vicinity of the
206.2-nm Zn II line generated by the copper matrix. The
background was equivalent to approximately 1 pg/mL zinc
at this wavelength. The analysis values for SRM 394 were
approximately 10% less than the certified value, indicating
a slight interference by ICAP emission.

The determination of zinc in both SRM 394 and 396 by
ICAP-excited AFS is ized in Table III along with the
ICAP-emission results. The AFS results agree well with the
certified values. There is no significant fluorescence excited
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at the 213.853-nm copper line in the flame, owing to a
combination of the relatively low thermal population in the
air/acetylene flame of the 11203 cm™ energy level and low
quantum efficiency of the fluorescence process. This com-
bination effectively minimizes copper spectral interference
in ICAP-excited AFS by more than a factor of 19* compared
to the ICAP-emission case. The effect of the flame as a
resonance monochromator is not significant in this example,
since even 10 mg/mL Cu in the ICAP did not excite any
fluorescence from the Cu 213.853-nm line.

When the 16-nm spectral bandpass is used on the
fluorescence monochromator, several resonance copper lines
at 216.5, 217.8, and 218.2 nm are included. Although no
spectral interference is observed when a pure zinc solution
(20 mg/mL) is used for excitation in the ICAP, we found that
our supposedly 99.99+ zinc standard contained about 5 ug/mL
copper, indicating a purity of less than 99.98. This was enough
copper to excite fluorescence at the resonance copper lines
and, although no interference was observed for the analysis
of SRM 394 in the part-per-million concentration range, a
slightly higher value (approximately 20% greater) than the
certified value for SRM 396 was obtained using the 16-nm
spectral bandpass. The enhancement due to the copper
fluorescence from the resonance lines, equivalent to ap-
proximately 10 ng/mL zinc, was completely eliminated by
using the 0.4-nm spectral bandpass. A scatter signal of ap-
proximately 4% for SRM 396, equivalent to 2 ng/mL zinc,
was observed and corrected for using the Cd IT 214.4-nm line.

Fly Ash (NBS SRM-1633) and Trace Elements in Water
(NBS SRM-1643). Zinc was determined in fly ash and
cadmium and zinc in simulated fresh water by ICAP-excited
AFS. No chemical interferences were observed in either case,
and the results are presented in Table III. Excellent
agreement with the certified values was obtained.

Orange Juice. The determination of copper and zinc in
Florida orange juice was performed using both ICAP-excited
AFS and ICAP emission. The optical arrangement for the
former was as described in reference 5. Agreement of results
between the two techniques was good, as illustrated in Table
III. Matched-matrix standards were employed so that
background correction by wavelength scanning was not re-
quired.

In the analysis of orange juice for zinc by ICAP emission,
a series of wavelength scans through the vicinity of the
213.9-nm zinc line showed not only the gradually increasing
continuum background from the argon plasma but also su-
perimposed on this background were bands of the v system
of NO (A2Z* — X?I1) degraded to shorter wavelengths, re-
sulting from the entrainment of the ambient air (27), with
bandheads at 214.91 and 215.49 nm. Furthermore, the
phosphate present in the matrix blanks and in the orange juice
produced a strong emission at 213.620 nm. However, the
monochromator resolution was sufficient to eliminate the
effect of these spectral interferences.

For the copper analysis by ICAP emission, the wavelength
scans from 323 to 326 nm showed several lines of argon (323.45,
323.681, 324.369, and 325.76 nm) and strong OH bands (323.5
and 325.7 nm) with some less intense OH peaks at other
wavelengths (323.7, 324.1, 324.4, and 324.7 nm). Under our
experimental conditions, the argon lines and OH bands caused
no problems in the copper analysis at the 324.7-nm line.

CONCLUSION

Several conclusions can be derived from our experimental
evaluation of the characterization of the ICAP as an excitation
source in atomic fluorescence spectrometry.

(i) The ICAP has been confirmed to be an extremely
versatile and intense excitation source for the atomic
fluorescence determination of all the elements investigated.

(ii) The ICAP combines the versatility of a continuum
source with the high spectral irradiance of a line source.

(iii) The excellent multielement excitation capability of the
ICAP simplifies the application of the 2-line method of
correcting for scattering problems using resonance transitions
because of the many neutral as well as ionic lines available.

(iv) The spectral selectivity of the atomic fluorescence
technique is shown to be advantageous in certain analytical
applications where the emission technique is plagued with
spectral interferences.

In addition to this, several promising areas of application
for this source can be envisaged.

(i) Because of the high excitation power and freedom from
interelement interferences, the ICAP emission of several
elements aspirated simultaneously in it will result in little,
if any, degradation of the detection limits obtained in atomic
fluorescence, provided that no spectral interferences will result.
Therefore, the use of a programmable slew-scan monochro-
mator would permit the sequential determination of several
elements in one sample.

(ii) The shape of the “excitation” curve of growth (5) should
allow the possibility of scatter correction by taking advantage
of the differences in the source emission intensity and ex-
cited-fluorescence intensity dependence on concentration due
to self-absorption in the source.

(iii) Relatively high concentrations of the element inves-
tigated in a given matrix can be analyzed directly by aspirating
the sample in the ICAP rather than in the flame, and using
the flame as a resonance detector by monitoring the
fluorescence from a high concentration of analyte in the flame.
The flame fluorescence excited by the analyte in the ICAP
will exhibit the linearity at high concentrations characteristic
of an emission source with negligible self-absorption. This
avoids the necessary dilution of the sample solution, should
the analysis be performed in the conventional manner by AFS.

(iv) The system may also prove useful for electrothermal
atomization techniques or hydride generation techniques,
where the low background emission levels of these atomization
cells may further improve detection limits.

(v) Although, in principle, the ICAP could also be ad-
vantageously used as a primary source in atomic absorption
analysis, especially for elements which exhibit low hollow
cathode lamp intensity, this application does not seem to offer
any advantage as compared to the emission technique, not
even for specific applications as in the case of atomic
fluorescence.

In conclusion, it is our opinion that the ICAP-excited AFS
technique is an ideal adjunct to an ICAP-emission spec-
trometer, capable of solving many specific analytical
problems. An increase in: (a) the collection efficiency of the
ICAP emission focused on the flame; (b) the concentration
of analyte solution aspirated into the ICAP; (c) the time
constant or integration time; and (d) the power applied to the
ICAP, should considerably improve the already impressive
detection limits. Investigations into this and several other
above-mentioned possibilities are presently underway in this
laboratory.
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Lophine Chemiluminescence for Metal lon Determinations

Allan MacDonald, Kenneth W. Chan,' and Timothy A. Nieman*

School of Ch Unit

The chemiluminescent reaction of lophine with H,0, in alkaline
solution has been investigated for use in determination of trace
concentrations of metal lons and other Inorganic species. The
observed emission Intensity is found to be a function of the
reduction potential of the analyte. By varying reagent con-
centrations, It Is possible to make dramatic changes In the
relative sensitivity for a glven analyte. Detectlon limits were
found to be: OCI, 1 X 10~ M; Co(II), 8 X 10-7 M; Cr(III),
5 X 10 M; Cu(II), 5 X 10~° M. Relative standard deviatk
are In the range of 2-5%. The Intensity of the observed
emisslon for a mixture of analytes is less than the sum of the
signals for the separate analytes, and Is generally suppressed
below the signal for either analyte alone.

Solution chemiluminescence (CL) methods are very sen-
sitive for a variety of organic and inorganic analytes. CL
determinations of trace concentrations of metal ions have
received most attention, and have been performed using either
luminol (1, 2) or lucigenin (3, 4). A major weakness of metal
ion determinations via CL has been a lack of selectivity. There
are, for example, at least 30 different species that cause
enhanced light emission with the luminol system and at least
20 with the lucigenin system (5).

We have been interested in this selectivity problem in CL
analysis, and have used two approaches. The first approach
is to investigate alternate CL reactions to determine if they
are useful for different sets of metal ion analytes. The second
approach is to manipulate the experimental conditions for a
given CL reaction to selectively enhance its sensitivity toward
certain analytes. Logical CL reactions to investigate for metal
ion determinations are those which occur under conditions
similar to the well known luminol and lucigenin
systems—reaction with H,0, in strongly basic solution. Two
such reactions that we have studied have been gallic acid (5,
6) and lophine (7-9).

! Present address, Department of Chemistry, University of Arizona,
Tucson, Ariz. 85721.

of lllinois, Urbana, Illinois 61801

The CL oxidation of lophine (2,4,5-triphenylimidazole) was
first reported by Radziszewski (10). The mechanism is
thought to involve attack by H,0, to form a hydroperoxide,
conversion to a dioxetane intermediate, and cleavage of the
peroxide bond resulting in light emission (11-13). Similar
peroxide decomposition steps have been proposed for the
luminol and lucigenin reactions (14).

This paper presents the results of our work to investigate
the analytical utility of the lophine reaction, and particularly
to examine the possiblity of selectivity control via veriation
in reagent concentrations.

EXPERIMENTAL

Instrumentation. All measurements were made in an inert,
modular flow cell (15) with a stopped flow reagent delivery and
mixing system (6) as previously descnbed

R were ilable, and used
without further purification: lophine (Aldrich); p ium hy-
droxide from standard volumetric solutions (Anachema); un-
stabilized 30% H,0, (Mallinckrodt); reagent grade sodium hy-
pochlorite (Baker); AR or ACS certified metal salts (generally
chlorides or nitrates). Lophine has limited solubility in water;
all lophine solutions were prepared in ethanol. All other solutions
were prepared with water that was deionized (hnuse 5upply) nnd
then distilled in glass. The cleaning pr for ic

glassware included soaking in dilute nitric acid.

Procedure. The four syringes of the stopped flow device are
filled with the four solutions (1.5 mL each) required for the
reaction: lopine, KOH, H,0,, and analyte. All concentrations
reported are for the solutions in the syringes. When the solutions
are delivered to the cell, the data acquisition system is triggered.
The signal is recorded as the maximum observed light emission
intensity following initiation of the reaction and is termed the
“peak height”. A blank signal is determined by using water in
place of the analyte. The analytical signal is taken as the dif-
ference in observed peak heights for the analyte and the blank.
All signals are reported as ph Itiplier current in
Periodically the entire system is cleaned by rinsing with HNO;
followed by water. All measurements were made at room
temperature.

RESULTS AND DISCUSSION

Survey of Enhancing Species. Preliminary work (7)
involving a simplex optimization using Fe(CN)¢* as the

0003-2700/79/0351-2077$01.00/0 © 1979 American Chemical Soclety
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Relative Resp

Table I. Lophine Chemil
to Various Aqueous Ions at 10> M¢

rela-
tive
relative inten- relative
species intensity species sity species  intensity
AuCl,~ 1992.7 Al(III) 0  Mg(I) 0
ocl- 686.2 As(V) 0 Mn(ll) 0
MnO, 80.4 Ba(ll) 0 Mo(VI) 0
Fe(CN),*" 57.1 Cd(I) 0 Ni(l) 0
Cr(111) 35.0 CrO,~ 0 Pr(Ill) 0
Ag(l) 14.8 Fe(ll) .0 PyIV) 0
Co(II) 12.8 Fe(lll) 0  Sb(Il) 0
Vo3 103 I 0 Se(VI) 0
Cu(Il) 4.0 In(lll) 0  Sr(ll) 0
Mo(V1) 2.0 Ir(II) 0 Sn(lV) 0
Ph(ll) 0.6 Ga(lll) 0 TICII) 0
Hg(11) 0 Zn(Il) 0

Sn(II) quenches

¢ Conditions: lophine - 3.25 x 10™* M, H,0, =
0.020 M, KOH - 0.20 M. Relative intensities are given as
signal above background (in nA).

1000}~
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CL Signa! (nA)
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Figure 1. Correlation of the CL signal and the reduction potential of
the analyte. The line is the least-squares fit to the solid data points

analyte (or enhancing species) had indicated appropriate
concentrations for lophine, H,0,, and KOH. Table I gives
the observed enhancement for 36 ions tested as potential
analytes. Zero enhancement corresponds to the same response
as the blank (within twice the relative standard deviation
(RSD) of repetitive triale). All species were tested at 103 M.
Repeating the experiment at lower analyte concentrations
gives lower intensity signals, but the same relative ranking
(with the exception of AuCl; ). The signal due to AuCl, drops
very sharply with decreasing concentration.

Only 11 species show enhancement; thus lophine has greater
selectivity than luminol or lucigenin, but less selectivity than
gallic acid. The behavior of Sn(II) was quite interesting. In
the presence of Sn(II), the observed signal was less than the
blank; at the concentration tested, there was no signal ob-
served above the dark current. Sn(II) does not suppress the
blank emission in the luminol, lucigenin, or gallic acid systems
(5); however, Sn(II) does cause significant suppression of the
analytical signal due to Co(II) with gallic acid (6). The species
which cause enhancement in the lophine system are generally
species which cause enhancement in the luminol or lucigenin
systems. However, several species for which these systems
are particularly sensitive (Fe(II), Fe(III), Mn(II), and Ni(II))

Table II. Effect of Buffer Systems®

relative CL signal

analyte =

Cr(1II), oOcCt-,
concn 1% 1x

buffer M pH 10*M 10° M
none (KOH) 0.2 12.82 100 100
phosphate 0.2 12.76 73 81
salicylate 0.2 12.86 57 15
borate 0.2 12.86 54 18
Ca(OH), 0.001 12.90 8 14

9 Conditions: lophine =3.256 x 10°* M, H,0, = 0.18
M.

cause no light emission in the lophine system.

Several of the ions that cause the most intense light
emission from lophine are fairly strong oxidents. Figure 1 gives
a plot of the log of the CL signal vs. the standard reduction
potential of the analyte (16). With the exception of Co(II),
Cr(I1I), and Ag(I), the log of the CL signal is proportional to
the reduction potential. The high degree of correlation is
rather surprising (r = 0.9958). This type of behavior has been
observed by Schuster (17) for CL reactions of organic per-
oxides in the presence of various aromatic hydrocarbons by
a mechanism described as chemically initiated electron ex-
change luminescence. The least-squares fit to the lophine data
gives a value of 3.13 decades change in CL signal for a change
of 1V in reduction potential. The class of reaction that has
been examined by Schuster gives nearly 5 orders of magnitude
change for a 1-V change. The strong correlation between CL
intensity and analyte reduction potential suggests that the
rate limiting step in the mechanism involves the analyte (M)
acting as an oxidant. Two possibilities are

HOy —- 0, + H* $)
lophine =M lophine*- (2)

A step similar to Equation 2 has been proposed for the luminol
reaction with cobalt (18). As will be discussed later, relative
sensitivities can be influenced by reagent concentrations.
However, the relative sensitivities for AuCl,", OCl', MnO,",
Fe(CN)¢®, VO?*, and Pb** (and therefore the observed
correlation with reduction potential) show only slight variation
with reagent concentrations.

Matrix Effects. We wanted to determine if it would be
possible to replace the KOH reagent solution by a buffer
solution of appropriate pH to reduce the sensitivity to the pH
of the analyte solution. Buffer solutions were prepared from
phosphate, salicylate, borate, and Ca(OH),. All of these
solutions were in the pH range of 12.78 to 12.90. Each buffer
was at a total concentration of 0.2 M (as was the unbuffered
KOH) except for Ca(OH),; owing to solubility considerations
the Ca(OH), concentration was limited to 10* M. The ex-
periments were run with a metal (Cr(III)) and a nonmetal
(OCI) analyte. Table II summarizes the results. It can be
seen that in every case, the CL signal is suppressed in the
presence of a buffer. In addition, the magnitude of sup-
pression is different for the two analytes. If buffering is
necessary, these studies indicate phosphate buffer to be the
best choice. All work reported in this paper, however, was
done in unbuffered KOH solutions.

In a real sample, the analyte of interest will be in the
presence of other species. These other species, although they
themselves have no apparent effect on the CL reaction of
lophine, may suppress or enhance the signal due to the analyte.
We examined the effect of several ions and complexing agents
on the lophine-Cr(III) and lophine-OCl systems. These



Table III. Species Tested for Matrix Effects on the
Lophine System?

relative CL signal

interfering analyte = analyte =
species, Cr(111), ocCl-,
1x10*M 1x10*M 1x10*M

none 100 100
NH, 16 99
CO,*" 43 104
CN- 20 101
Iy 138 it
EDTA 98 1
Se(VI) 116 99
As(V) 95 99
ocCi- 238 e
Cr(1II) .- 31
Cu(II) 43 95

¢ Conditions: lophine =3.25 x 10°* M, H,0, =0.18
M, KOH = 0.20 M.

experiments used the same conditions as the buffer experi-
ments, except that the analyte solutions were made 10* M
in the enhancing species and 10 M in the interfering species.
The analyte solutions were allowed to stand for 12 h to allow
any complexation reactions to go to completion. (Al solutions
were pH 7-8 except for NH;, CN-, CO,;%, and OCI- at pH
9-10.) Table III summarizes the results for the species ex-
amined. With Cr(I1I) as the analyte, the species NHj, CO,%,
and CN~ cause significant suppression; the suppression with
NH; or CN~ is expected in terms of their complexation
properties. Similar results are seen with the gallic acid-Co(II)
system (6). EDTA does not suppress the signal, but the
Cr(III)-EDTA complex is known to be slow to form. I;” caused
increased CL even though it does not cause CL by itself with
lophine. The most dramatic effect on the signal due to OCI-
came with addition of EDTA. A redox reaction between
EDTA and OCI  is unlikely because in such a strongly basic
solution, OCI" is not a strong enough oxidant to oxidize EDTA
(16, 19). However, it is likely that a dialkyl chloramine is
formed (20).

It is particularly interesting to note the results involving
mixtures of OCI-, Cr(III), and Cu(lI) since each of these alone
causes CL with lophine. As a result, one might expect the
signal for a mixture of two of these species to be equal to the
sum of the signals for the species alone. That is observed not
to be the case. A mixture of Cu(II) and Cr(III) gives a signal
less than that observed with Cr(III) alone. A mixture of Cr(III)
and OCI gives a signal intermediate between those observed
for Cr(III) and OCI" alone. This behavior will be examined
in more detail later.

Optimization of Reagent Concentrations. We wanted
to locate the optimum conditions for determination of the
potential analytes indicated in Table I; OCI-, Cr(III), Co(II),
VO?, and Cu(Il) were selected for this procedure. The
experiment was planned to give a picture of the CL response
surface for each analyte (as a function of lophine, base, and
H,0; concentrations). The procedure was to develop the
surface in slices by holding two of the reagent concentrations
constant, and measuring the CL signal as a function of the
concentration of the third reagent (at a constant analyte
concentration of 107 M).

Figure 2 shows the CL signal as a function of H;0, con-
centration. It is notable that no two of the analytes give the
same curve. Each of the analytes has a range of H;0, con-
centrations that maximize sensitivity, but those ranges are
different for each analyte. Figures 3 and 4 show the CL signal
as a function of KOH concentration. Figure 3 gives the results
with 10 M peroxide (where Cu(II) shows maximum sensi-
tivity). Figure 4 gives the results with 10™ M peroxide (where
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Figure 2. Variation of CL signal with H,0, concentration. Lophine =

3.25 X 10 M; KOH = 0.20 M. OCI" (@), Cu(Il) (O), Or(ﬂl) (), Co(Il)
(@), VO** (X)

S
T

CL Signal (nA)

T

KOH Concentration (M)

Figure 3. Variation of CL signal with KOH concentration. Lophine =
3.2 X 10 M; H,0, = 1.0 X 10° M. OCI (@), Cw(II) (O), Cr(III) (W
Co(tl) (@), VO** (X)

CL Signal (nA)

i
0 0 0" '
KOH Concentration (M)
4. Variation of CL signal with KOH concentration. Lophine =
3.25 X 10* M; H,0, = 1.0 X 10"'M. OCI" (@), Cu(Il)(O).Cr(Ill)ﬂ).
Colll) (T), VO?* (X)

Co(II) and Cr(IIl) give higher response than Cu(Il)). In
general, the signal decreases as the KOH concentration de-
creases below 10! M, regardless of the analyte or the H;0,
concentration. The only exception is the peak in the Co(II)
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Table IV. Opti Reagent C ions?
analyte H,0,,M KOH,M
ocClI- 1.0x 10°? 1.0x 10°?
Co(II) 1.0x 107! 1.0x 107
Cr(11I) 1.0x 107! 1.0x 107!
Cu(1I) 1.0x 10°* 1.0x 107!
Vo 1.0x 107 1.0x 107"

@ Lophine concentration is 3.25 x 107 M in all cases.

signal at 102 M KOH (Figure 4). Similar curves were prepared
for the CL signal as a function of lophine concentration; the
CL signal increases monotonically with increasing lophine
concentration (up to the solubility limit).

The results of this study indicate that distinctly optimum
reagent concentrations exist for each of these analytes, and
that these optima are separated from each other on the CL
response surface. Table IV gives the reagent concentrations
selected for each analyte. A few minor compromises were
made in order to limit the total number of solutions required.
The indicated reagent concentrations were used for the re-
mainder of this work. The H,0; concentration is the most
critical, and the OH™ and lophine concentrations provide “fine
tuning”. Quite a degree of variation in the relative sensitivities
is possible. The Cr(III)-Cu(Il) situation is typical. At the
Cu(II) optimum, the Cu(II) signal is 200 times the Cr(III)
signal; at the Cr(I1I) optimum, the Cr(III) signal is 11 times
the Cu(II) signal. So going from the Cu(II) optimum to the
Cr(III) optimum, the :atio of relative sensitivities changes by
over 2000. -

Working Curves and Detection Limits. Working curves
were prepared for each analyte (using the conditions in Table
1V) from 10-*M down to near the detection limit. The curves
for OCI™ and Cu(II) are typical and are shown in Figure 5.
The curve for Co(Il) is similar to the Cu(II) curve and the
curve for Cr(IlI) is similar to the OCI" curve (with only slight
curvature at high and low analyte concentrations). The sharp
change in slope (at about 10 M) in the Cu(II) and Co(II)
curves is quite interesting. The lophine concentration is only
3.25 X 107 and could be the limiting factor in the rate of
reaction at higher analyte concentrations. (However no such
sharp break occurs in the Cr(III) and OCI™ curves). Alter-
natively, one could postulate a lophine-metal complex is
formed, with stoichiometry indicated by the concentrations
at the break in the curve, although the formation constants
for Cu(II)-imidazole (log k, = 3.76, log k, = 3.39, log k3 = 3.03,
log k; = 2.66) and Co(II)-imidazole (log k, = 2.42, log k, =
1.95, log k3 = 1.58, log k, = 1.2) complexes are small (21, 22).
Similar evidence for formation of luminol-metal complexes
has been reported (23).

Table V summarizes the results from the working curves
for all the analytes. Detection limits are given as the con-
centration for which the analytical signal is twice the standard
deviation of the blank. The relative standard deviation of the
CL signal is in the range of 2-5% for each analyte over the
linear range of the working curves. Similar detection limits
for Cr(III) and Cu(III) have been reported using lucigenin CL
(4). Lower detection limits for Co(Il) and OCI" have been
reported with luminol CL (2, 24). Atomic absorption detection
limits for Co(II), Cr(III), and Cu(II) are generally somewhat

CL Signal (nA)

o.l | L

107 0 07
Concentration (M)

Figure 5. Working curves for OCI- (@) and Cu(Il) (O). Reagent

concentrations given in Table IV

lower than those observed with lophine CL.

Multicomponent Determinations. Because the reagent
concentrations have such a marked influence on the relative
sensitivities for the different analytes, we were interested in
investigating the use of such sensitivity control for deter-
mination of the concentrations of two (or more) analytes in
a mixture without prior separation. The CL emission intensity
from the analyte mixture would be measured at the reagent
optima for each of the components. To determine the
concentrations of the components, one needs to know (1) the
working curves for each analyte at each reagent optimum used
and (2) the relationship between the total CL signal (for the
analyte mixture) and the CL signal due to each analyte
separately.

The simplest case is when the total signal is the sum of the
separate signals. The approach could then be similar to using
UV-visible absorbance, and Beer’s law, at n wavelengths for
a mixture of n components. (Because the slopes of the log-log
working curves are not unity, concentration terms in the
simultaneous equations will have nonunity exponents) The
absence of additive behavior does not necessarily preclude the
determination, however.

Several binary mixtures of Co(II), Cr(III), and Cu(II) were
prepared and tested. In each case the observed CL signal was
not the linear sum of the CL signals for the separate com-
ponents. As noted earlier (Table III), the response for the
mixture was usually intermediate between the separate re-
sponses. To further characterize the situation, we again
studied the CL response surface; this time binary mixtures
of analytes were used. Figure 6 shows the CL signal as a
function of H,0, concentration for the three binary mixtures
of Co(II), Cr(III), and Cu(II) with each component at 10* M.
For comparison, the response curves for the separate com-
ponents (also at 10* M) are included (from Figure 2). The
results are totally intriguing. The response curves for the
mixtures don't at all resemble the sum of the curves for the
separate components. In fact, the response curves are all much
lower than the curves for either of the separate species.

Table V. Working Curves and Detection Limits

linear range, M, standard error  correlation detection
analyte log-log graph slope to estimate coefficient limit, M
ocCl- 2x 10°*-5x 10™* 1.095 + 0.014 0.0244 0.9996 1x10°*
Co(II) 8x10°7-7x 10°* 1.108 + 0.049 0.0501 0.9990 8x 1077
Cr(III) 1x10°*-6x 10™* 1.499 + 0.042 0.0426 0.9992 5x 107
Cu(II) 5x 10°*-7x 10°* 2.101 + 0.063 0.0661 0.9982 5x 10°¢
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Figure 8. Variation of CL signal for equimolar analyte mixtures with
H,0, concentration. Lophine = 3.25 X 10 M; KOH = 0.20 M. Cr(IlI)
and Co(ll) (@), Cr(I11) and Cw(1I) (O), Co{ll) and Cu(Il) (X). The curves
for the separate species (from Figure 2) are included for reference
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Figure 7. Suppression of the analytical CL signal as a function of the
ratio ot the concentrations of the interfering species and the analyte.
All analytes are at 10~ M. The reagent concentrations are chosen
from Table 1V for the analyte. Cu(Il) analyte, Cr(lII) interference (O);
Cr(11I) analyte, CW(II) interference (@); Cu(ll) analyte, Co(ll) interference
(3); Co(ll) analyte, Cu(ll) interference (M)

To quantitate this signal suppression, we examined the CL
signal for a constant concentration (10 M) of analyte (at the
optimum reagent conditions for that analyte) as a function
of the concentration of a second analyte (or “interfering
species”).

Figure 7 gives the results for binary mixtures of Co(II),
Cr(I1I), and Cu(II). As the concentration of the second analyte
increases, the observed signal monotonically decreases. For
example, with a constant amount of Cu(Il) present, as Cr(I1I)
is added, the observed signal continually decreases, provided
the reaction is run with the reagent conditions optimized for
Cu(Il). If the same experiment (constant Cu(II) concentration
and increasing Cr(III) concentration) is run with the reagent
conditions optimized for Cr(IIl), the observed signal will
increase with increasing Cr(III) concentration.

This second experiment amounts to construction of a
calibration plot for one analyte in the presence of a given
concentration of a second analyte. In the cases we have
examined, the slope of the log working curve for a given
analyte is not changed in the presence of a fixed concentration
of a second analyte; the entire curve is shifted to lower in-
tensities. Therefore, with knowledge of the working curves,
and the mutual suppression data (Figure 7) it is possible to
perform the multicomp t determination. However, be-
cause the relationship between the total signal and the signals
for the analytes separate is one of suppression rather than
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addition, the experimental procedure and calculation (best
handled by iteration) is more complex. As a result, actual
determinations of mixtures were not undertaken in this in-
vestigation. In similar studies involving gallic acid (5, 25) and
lucigenin (26), we have found the total signal for mixtures to
be given by the sum of the signals for the separate components.
It is not clear at this point why these very similar systems
should behave so differently in this respect.

The interpretation of the suppression data yields insight
into the selectivity changes with reagent concentration. In
the presence of two analytes (A, and A,) the lophine CL
reaction could be considered to proceed as in Equations 3 and

k

lophine + A, — P* = P + hy 3)
ky -

lophine + Ay — P* = P + hy (4)

where k, and k, are pseudo-constants containing the reagent
concentrations and efficiencies of CL excitation and fluor-
escent emission. However, from the studies on selectivity
control and on mixtures it seems important to also consider
steps such as Equations 5 and 6 that proceed directly to
ground state product without light emission.

5

lophine + A, — P (5)
ket

lophine + A, — P (6)

ky and k,’ are again pseudo-constants. Operating under
reagent conditions optimized tor A, will give a low signal for
A,, which means that k, is small. However the overall rate
of reaction between lophine and A; need not be small if ky’
is not decreased. In fact, for this particular reaction, a possible
explanation for our experimental results is that with reagent
conditions optimized for a particular analyte, the maximum
fraction of the reaction is proceeding through the *“light” path
(via k); at reagent conditions that are far from optimum, a
large portion of the reaction proceeds through the “dark” path
(via k).

In general, the intensity changes that we observe could be
due to a change in the reaction rate, a change in the CL
excitation efficiency, a change in the fluoresence efficiency
of the emitter, or some combination of these factors. Further
study is needed to explain the role of metal ions in this re-
action.
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Enzyme Amplification Laser Fluorimetry

T. Imasaka' and R. N. Zare*
Department of Ci Y. Uniy

ity, Stanford, California 94305

1 1

mg By letting many cycles occur, the original NADP

Laser i y has been applied to the d lon of
reaction products at ultra-How ooncontutlom using the 325-m1
line of a He—Cd laser as an exciation source and liquid filters
lo Isolate the fluorescence. In one direct anzymo reacﬂon,
8-phosphate is d to 6-phosph
al NADP Is raduced to NADPH. Moasuumeni of the
fluorescence from NADPH permits quantitation of glucose-
6-phosphat whha detection limit of 2 nM. In another direct
ketogiutaric acid Is converted to L-glutamic
aeld as NADPH Is oxldlzed to NADP. Fiuorescence from the
alkaline-treated NADP Is used to quantitate the a-ketoglutaric
acld with a detection Ilmll of 4 X 10" mol. By combining
these two enzy an enzyme cycle results in which
both y tion products | in
After a fixed period of time, the enzyme cycle Is stopped and

concentration is amplified.

Absorption measurements at 340 nm (¢ = 6270) provide the
most common means for determining the concentration of
NADPH or NADH (2, 3). However, fluorescence measure-
ments may be used to advantage especially for low concen-
tration samples where more than a hundred-fold improvement
in detection sensitivity is realized (4, 5). Since NADPH or
NADH does not fluoresce strongly, use of a conventional
fluorescence spectrophotometer suffers from low sensitivity
at reasonable spectral resolution. At the lowest concentrations
it is recommended that the fluorescence spectrophotometer
should be replaced by a tungsten lamp and filters. In this case,
the detection limit is determined by the background signal,
which is composed of the scattered light from the excitation
source, slight fluorescence from the filters and impurities in

the Initial ation of NADP Is d Ined by ing
the final of 6-phosphogl lact using yet

ther direct y Al This enzyme amplification
allows determination of 1 X 10" mol of NADP, which
Is about 30 times more sensitive than previously reported
results.

Most enzyme reactions are monitored by measuring the
coenzyme concentration of reduced nicotinamide adenine
dinucleotide, NADH, or reduced nicotinamide adenine di-
nucleotide phosphate, NADPH (1-3). The low oxidation-
reduction potential of these compounds (0.32 V) allows the
enzyme reaction to proceed under moderate conditions. The
most interesting property of NADPH or NADH might be its
amplification capacity through enzyme cycles, as shown in
Figure 1. In the presence of enzymes 1 and 2, NADP is
reduced to NADPH and then oxidized to NADP repeatedly
(cycle) as substrates 1 and 2 are transformed to products 1
and 2 (Figure 1a). After some fixed period of time, the enzyme
cycle is stopped by destroying the enzymes. Then the con-
centration of product 1 or product 2 is measured by another
enzyme reaction (Figure 1b) which converts NADP to
NADPH. In our experiment, product 1 or 2 is quantitated
by ing the fluor from NADPH. Each enzyme
cycle transforms one substrate molecule into a product

! Present address: Department of Applied Chemistry, Faculty of
Engineering, Kyushu University, Hakozaki, Fukuoka, 812 Japan.

the ple, and the Raman signal from water (2, 3).

The technique of laser fluorimetry can provide high sen-
sitivity in the analysis of trace species (6-9). The detection
of 0.02 parts-per-trillion of fluorescein dye is readily dem-
onstrated using dye laser excitation and pulse-gated photon
counting (10). Laser fluorimetry is so sensitive that the
detectable concentration is limited by the background signals
from the Raman spectrum of water and contaminant
fluorescence in the solvent, even under good spectral reso-
lution. For the detection of still lower concentrations, some
“amplification procedure™ becomes attractive, in which the
concentration of the trace species is amplified without
changing the background level (11). An example is the de-
tection of 1 X 107'® mol of ornithine -aminotransferase by
enzyme amplification (12).

Our strategy for the measurement of NADP (NADPH) is
the use of a He—Cd laser (325-nm line) to induce fluorescence,
nonfluorescent inorganic liquid filters to reduce the back-
ground signal, and enzyme amplification to increase the signal
intensity from the sample under study. We show here that
laser fluorimetry is able to detect NADP (NADPH) at lower
concentrations than previously reported, and that this
technique may be applied to the sensitive detection of glu-
cose-6-phosphate and a-ketoglutaric acid. Through the use
of an enzyme cycle, the concentration of NADP (NADPH)
is measured at levels of 1 X 1071° M.

EXPERIMENTAL

Fluorescence Detection System. Figure 2 presents a
schematic drawing of the experimental apparatus. The 325-nm
output of a helium-cadmium laser (Liconix model 405 UV) passes

0003-2700/79/0351-2082801.00/0 © 1979 American Chemical Society



(a)
SUBSTRATE | PRODUCT |
ENZYME 1
Praad T
NADP NADPH
ENZYME 2
—
X
PRODUCT 2 SUBSTRATE 2
(b)
PRODUCT (1 or 2) PRODUCT 3
\\
ENZYME 3
NADP NADPH

Figure 1. Enzyme amplification. In (a) enzymes 1 and 2 convert
substrates 1 and 2 into products 1 and 2 while the coenzyme NADP
is repeatedly reduced and reoxidized. After a set incubation time,
enzymes 1 and 2 are destroyed stopping the reaction cycle. Then
enzyme 3 is added which converts product 1 or 2 into product 3 while
NADP is reduced to NADPH. After completion of reaction (b) the
fluorescence from NADPH is measured
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Figure 2. Laser fluorimeter
through a diaphragm and a CoSO, (300 g/L, l.()-cm path length)

liquid filter before entering a quartz cell (1 cm? in cross section)
that contains the sample under study The diaphragm and liquid

filter bination to ligible level the visible
background llght from the laser dl.scharge tube, particularly the
442-nm Cd line. Fluor from the is

collected by an optical system that focuses an image of the
fluorescent line onto the face of a photomuliplier (Centronic model
Q4249 BA). The optical train consists of an f/1 lens, a NaNO,
filter (133 g/L, 1.0-cm path length), a CuSO, filter (saturated
solution, 1.8-cm path length), and an f/3 lens. The NaNO; filter
removes the scattered light from the He-Cd laser and the Raman
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Figure 3. Transmission curves: (a) for a conventional fluorimeter; and
(b) for the laser fiuorimeter. The excitation and fluorescence spectra
of NADPH are shown in (b). The Raman signal for each setup is also
presented

of the detection filters used in this study, and the excitation and
fluorescence spectra of NADPH. Note that the nonfluorescent
liquid filter combination completely blocks the scattered light
of the laser and the Raman slgnal from water. Mureover, this

filter system has high tr at the fl
of NADPH.

R The (o] 6-phosphate dehyd
glutamate dehyd 6-phosphogl hod

ase), coenzymes (NADP and NADPH) and substrates (glu-
cose-6-phosphate and a-ketoglutaric acid) are obtained from
Boehringer and are used without further purification. The
imidazole is nonfluorescent grade (Sigma). Doubly-distilled water
and 6 M sodlum hydroxnde are used after exposure t to aunhght
(1 day). This p the b
fluorescence sngmf cantly (by a fncmr of nbout five).

Procedure. The expz. p ibed in ref.
2 and 3 are followed closely. the and the buffer
solution have fluorescent cnntammanui care is taken to use as
lm.le of either as is needed. The is d to

1

1 mL for comparison with
ments. Because of photobleaching effects caused by the 325-nm
output of the He—Cd laser, the ﬂuorescence mten.slty from the
sample is recorded only for several The

m t.he dark after about 30 s. Typically the flucrescence intensity
d twice.

bands of water; the CuSO, filter
at wavelengths longer than 530 nm. The filter combuumon is
quite effective in isolating the NADPH fluorescence since the
latter has a 7800 cm™ Stokes shift. The output power (4 mW)
of the He—Cd laser is well regulated (~0.5% rms noise). The
experiment is limited by the background signal from the sample
when no NADPH is present. The dark current from the pho-
tomultiplier is less than 1% of this signal. The dc output of the
photomultiplier is displayed on a stripchart recorder using a 1-s
time constant.

Figure 3a illustrates the transmission curves of the excitation
filter (Corning 5840) and the fluorescence filter (Corning 4303
and 3387) typically used in conventional detection systems for
NADPH. Also shown in this figure is the spectral pmﬁle of the
Raman bands of water ited by light passing through the
broadband excitation filter. There are three major problems with
this exuwuon—deucnon system: (1) the Raman signal i is only
poorly supp d; (2) the i t of the
filter does not coincide with the fl i of NADPH
(460 nm); and (3) the Corning 3387 filter is fluorescent when
irradiated by light passing through the excitation filter. Figure
3b illustrates the location of the laser line, the transmission curve

The detection limit is calculated from the results of several
( lly four) of ! havmg identical con-
centrations. The signal-to-noise ratio, S/N, is calculated from
the expression:

ns — BN

Vi + ok

where ng and ny, are signal and background intensities, og and
oy, are their standard deviations. The detection limit is defined
as S/N = 2 in this study.

RESULTS

Background Signal. The performance of the present
instrument was determined by ing the fluor
from NADPH solutions at different concentrations (Figure
4). The high sensitivity of the instrument and the excellent
rejection of the Raman bands from water and unwanted
fluorescence and scattered light in this laser fluorescence
system allow the detection of NADPH at concentrations in

S/N =
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Figure 4. Analytical curve for the quantitation of NADPH

the nanomolar range. Most of the background signal comes
from distilled water. The background signal, corresponding
to 2 nM of NADPH, slightly varies from day to day and
depends on the water container and the extent of photo-
bleaching. This fact shows that the contribution from Raman
bands of the water is much less important than that from
impurities in the distilled waters. The low background signal
of the laser fluorimeter implies that laser fluorescence analysis
may be quite promising for the t of enzyme
reactions at low concentrations.

Gl 6-phosphate. The ration of gl -6-
phosphate is determined using the enzyme reaction

glucose — 6—phosphate

6 —phosphogluconolactone

glucose -6-phosphate dehydrogenase

A

NADP NADPH 1)

the fluorescence intensity from NADPH is used to quantitate
the glucose-6-phosphate. The analytical curve is linear over
the range 0-80 nM. The detection limit is 2 nM, corre-
sponding to 2 X 1072 mol of glucose-6-phosphate in the 1-mL
sample volume. The detection limit is set by fluctuations in
the background signal from distilled water and NADP.
Reactions are quite reproducible; the scatter in the data is
about 5%.

Alkaline Development of NADP. The NADP is itself
nonfluorescent, but it may be converted to a strongly
fluorescent molecule by adding concentrated alkaline solution
(2, 3, 5). The spectral properties of alkaline-treated NADP
are similar to NADPH, and the same detection system is used
in conventional fluorimetry. The analytical curve using our
detection system is linear over the range 0-25 nM with a
detection limit of 4 nM, corresponding to 4 X 102 mol. The
long incubation time (10 min) at elevated temperature (60 °C)
with concentrated alkaline solution (6 M NaOH) damaged the
quartz cell through repeated use. Consequently, disposable
Pyrex test tubes were used instead for incubation. However,
the background fluorescence from contaminants then could
not be subtracted for the individual samples. The background
signal corresponds to 1 X 10°"! mol of NADP. Although
alkaline-treated NADP can be detected with high sensitivity
by this method, the detection limit is not so low as expected.
The reason appears to be that maximum in the excitation
spectrum shifts from 350 nm for NADPH to 375 nm for
alkaline-treated NADP. Consequently, the 325-nm line of the
He-Cd laser is more than ten times less effective in exciting
fluorescence.

~ N
a o
Q

B

S

w

RELATIVE FLUORESCENCE INTENSITY

0 20 30 40 50
NADP (NADPH) [ femtomoles |
Figure 5. Analytical curve for the quantitation of NADP (NADPH) by
enzyme amplification laser fluorimetry. The cycling volume is 100 uL.
The detection limit is 10 fmol (0.1 nM)

o

a-Ketoglutaric Acid. The application of the alkaline
development of NADP is demonstrated by the quantitation
of a-ketoglutaric acid using the enzyme reaction

a—ketoglutaric acid L-glutamic acid

glutamate dehydrogenase

NADPH NADP (2)

After the enzyme reaction proceeds at room temperature for
20 min, 0.3 M HCl is added to decompose the fluorescent
NADPH that remains. Following alkaline development, a
linear analytical curve is obtained over the range 0-20 X 10712
mol with a detection limit of 4 X 102 mol. One third of the
background signal originates from the distilled water, while
the rest comes from the alkaline development.

Detection of NADP by Enzyme Amplification. By
combining reactions 1 and 2, an enzyme cycle is obtained (see
Figure 1a, where substrate 1 = glucose-6-phosphate, enzyme
1 = glucose-6-phosphate dehydrogenase, product 1 = 6-
phosphogluconolactone, substrate 2 = a-ketoglutaric acid,
enzyme 2 = glutamate dehydrogenase, and product 2 = L-
glutamic acid). The sample is incubated for 2 h at 38 °C.
During this period several thousand cycles are expected to
occur if the enzymes have full activity (2, 3). The sample is
then heated to 85-90 °C for 3 min to destroy the enzymes.
Next 6-phosphogluconate dehydrogenase is added which
reduces NADP to NADPH at the same time that 6-
phosphogluconolactone is converted to ribulose-5-phosphate
(see Figure 1b).

In this enzyme amplification procedure, the concentration
of NADP and NADPH is determined unspecifically, and thus
both are measured to the same sensitivity. If it is desired to
measure only one of them, then the other must be decomposed
before measurement by the addition of acid or alkaline so-
lution (2, 3). Figure 5 shows the analytical curve for the
detection of NADP (NADPH) by enzyme amplification laser
fluorimetry. The detection limit of 1 X 10™* mol is set by the
fluctuations in the enzyme reaction rates occurring in the
individual incubation tubes. This fluctuation is found to be
very sensitive to the cleanliness of the glassware.

DISCUSSION
The use of enzyme reactions combined with laser fluorim-
etry offers many advantages for trace analysis of biomedical
ies. Table I izes the detection limits obtained in
this study and compares them to previous literature values.




Table I. Comparison of Detection Limits

literature
substance present work value ref.
glucose-6-phosphate 2nM 200 nM 2
a-ketoglutaric acid 4 pmol 20 pmol 2,3
NADP 0.1 nM 1nM 2
10 fmol 300 fmol 3

The background signal of our laser fluorimeter corresponds
to a 2 nM concentration of NADPH. This value is 50 times
lower than that obtained using a conventional fluorescence
detection system (2, 3). Thus the laser excitation source and
nonfluorescent filter system provides a very effective means
of reducing the background signal. The present excita-
tion-detection system allows the quantitation of glucose-6-
phosphate by a direct enzyme reaction to concentrations of
2 nM. This detection limit is 100 times better than that
measured by the usual fluorescence detection system. It is
noteworthy that the sensitivity of the direct measurement of
NADPH in this study almost equals that of the enzyme
amplification technique in a conventional system (1 nM). The
present method using direct enzyme reaction is quite simple
and requires only 10 min incubation time while the use of
enzyme amplification is not so straightforward and requires
long incubation times. However, when enzyme amplification
is combined with laser fluorimetry, it is possible to e
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structure (15). For the detection part, the use of a flowing
droplet might provide high sensitivity since cell wall
fluorescence is avoided (16).

When f1 from ts in the le be-
comes too strong, some separation procedure may be nec-
essary, such as centrifugation or chromatography. High-
pressure hqmd chmmatography (HPLC) is increasingly being
used in b ti For le, a phase
uBondapak C,g column separates NADH from contaminants
on the basis of polarity (17, 18). The application of laser
fluorimetry as a detection system for HPLC (19) may offer
advantageml.hmcase H , while alkaline di
is useful for ional fl lysis, in HPLC this
procedure may not be practical because the proper pH level
is difficult to maintain. For example, the fluorescence from
alkaline treated NADP decreases to 50% of its value at pH
9.6 and falls tc zero at pH 6 (5, 20).

An alternative for ov ing the fl interfi
from contaminants is to use enzyme amplification since the
latter technique has the potential for dxamatically increasing
the signal-to-noise b typically ] thousand enzy
cycles occur per hour. Recently many researchers have re-

ported the use ot‘ as a re-
t for radioi yinb di studxes (21,
22) In enzyme-linked i , each

typlcally several thousand NADPH (NADH) coenzyme
The ration of NADPH (NADH) can then

as little as 10 femtomoles of NADP. This amount is 30 times
smaller than previously reported results.

Only a small improvement is obtained by using the alkaline
treatment of NADP for the quantitation of the latter. The
detection limit in the present study is equal to or slightly
better than the literature values. The use of the 364-nm line
of the argon ion laser, for example, might enhance the
fluorescence intensity of the alkaline-treated NADP by more
than an order of magnitude compared to that of the 325-nm
line of the helium-cadmium laser, since the 364-nm line nearly
coincides with the absorption maximum of the alkaline-treated
NADP.

The present detection system is versatile because it may
be applied not only to the quantitation of NADPH but also
to NADH, since the spectral properties of NADH are almost
identical to those of NADPH. The detection of NADPH and
NADH is quite general for monitoring enzyme reactions. Even
if the enzyme reaction is not a redox reaction, the reaction
products may undergo a subsequent redox reaction so that
NADPH or NADH can be used (13). The quantitation of
NADPH (NADH) may also be used in the analysis for in-
organic substances, such as for phosphate (2, 3) or nitrate (14)
by using appropriate enzyme reaction systems.

In this study the sample volume is adjusted to 1 mL so that
the results can be readily compared to other studies. However,
because laser light can be focused easily to a small spot size
without loss of intensity, microanalysis may be possible. This
would permit the measurement of microliter samples, for
example, without the need for dilution. Care should be taken
to avoid or minimize photod ition of the le. With
the use of a quartz cell, this problem can become severe.
However, it may be possible to use flow injection and im-
mobilized enzymes, in which the sample is continuously passed
over the enzymes which are bound to some solid support

be amplified by use of an enzyme cycle, as described in this
study. Thus by using enzyme-linked immunoassay together
with enzyme amplification laser fluorimetry, it may be possible
to detect and quantitate hormones at very low concentrations.
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Microdetermination of Manganese in Animal Tissues by
Flameless Atomic Absorption Spectrometry

David 1. Paynter'

Department of Animal and F L of tralia, Nedland: Australia 6009

A method Is described for the mi ination of man- EXPERIMENTAL

ganese In animal soft tissues. Plasma and homogenates of Apparatus. An AA-375 double beam atomic absorption
tissues were acidified with HC, followed by heating at 60 °C spect with simul ous deuterium arc background

and centrifugati This t Hlectively liberates the
manganese Inlo the supernatant fraction whoro Ih concon—
Iutlonwn“ Ined using flamel tomi

tri hods. Optimal opornllng pa-
umﬂon are discussed for both the Varian model 63 and
model 80 carbon rod 1 Matrix Intert were
nol detected, and the use of background correction and
manganese standard additions was found to be unnecessary.
Using a number of ver samples, good agreement was obtained
between the proposed flameless method and results obtained
using complete wet digestion lollowod by oonvonuonal flame
atomic absorption analysis. R d deviation for
a sample of plasma extract, containing 2.07 ng Mn/mL, was
3.5%.

Manganese is an essential trace element in animals. In
tissues, it is involved in a number of enzyme reactions as an
activator, and in a limited number of enzymes as an integral
bound metal ion (1, 2). The low concentrations of manganese
present m plasma and most soft tissues have in the past

bl in analysis. Neutron activation methods,
while of[enng the required sensxtlvuy (3), are not generally
applicable to routine use. Other methods previously used
including colorimetric (4) and conventional flame atomic
absorption spectrometry (5), although relatively free from
interference, lack the senslhvny requlred for many tissues,
and entml relatively tim I ion. The
t of fl (furnace) atomic absorption
spectrometry has considerably lowered detection limits for
manganese, and methods have now been reported for the
determination of this element in biological material such as
serum (6, 7) cerebrospinal fluid (6), and tissue fractions (8,
9).

Matrix interferences have been found to occur in the
flameless determination of manganese (10). In methods
involving biological samples, these interferences have been
at least partially compensated for by using standard additions
of manganese and/or background correction (6-9).

The small final sample size actually used in the determi-
nation in flameless methods, and the relative heterogeneity
of some tissues, necessitates some form of tissue digestion or
homogenization. In the present study, a method involving
tissue homogenization, followed by acid treatment, permitted
the determination of manganese in a variety of animal tissues
by flameless atomic absorption spectrometry. Matrix in-
terferences were not encountered in the present method and
neither standard additions or background correction were

necessary.

! Present nddresu. Attwood Veterinary Research Luboralonu,
Mickleham Road, , Victoria, Australia 304

correction facilities, equipped with either a CRA-63 or CRA-90
carbon rod atomizer, an ASD-53 autosampler, chart recorder, and
digital printout recorder (all Varian Techtron products) was used
for these studies. The manganese hollow-cathode lamp was
operated at 5 mA, with the AA-375 set at 279.8 nm, using CRA
slit and peak height modes. For 10-uL sample sizes, internally
threaded graphite rods were used; for smaller sample sizes (2 and
5 uL), the normal nonthreaded rods were used. All rods were
pyrolytically coated, and during use were purged with nitrogen
at a flow rate of 6 L/min. The work head was equipped with a
single beam mask with a 3-mm aperture.

Sample Preparation. Plasma was obtained from rat hep-
arinized whole blood. Tissues from the same animals were washed
in cold 0.9% (w/v) NaCl after removal, then stored at 4 °C or
-20 °C prior to analysis. Tissues were homogenized with an
aqueous 0.2% (v/v) Triton X-100 solution, using all-glass tissue
homogenizers (Kontes). Homogenates of 10% (w/v) were pre-
pared, using 0.5 or 1.0 g (wet weight) samples of tissue. To aliquots
of these homogenates (in 3-mL snap cap tubes) HCI appropriately
diluted with water was added, to give the required final con-
centration of manganese, in 2 M HCI. The acid treated samples
were then heated at 60 °C for 1 h in a water bath, cooled, and
then centrifuged. The clear supernatants, without further
treatment, were used for injection into the carbon rod atomizer.
With plasma, HC] was added directly to the sample, followed by
heating and centrifugation as described for tissue homogenates.
All samples were diluted with HCI such that total manganese in
the 2-uL sample (or 10 uL in the case of plasma) applied to the
carbon rod atomizer was in the range of 5-60 pg.

For flame atomic absorption spectrophotometric analysis of
livers, 1 8‘: samples were wet ashed with 10 mL of a 9:1 mixture
(by volume) of nitric and perchloric acids until the digestion had
been at white fumes for 30 min. Digest volumes were then
adjusted to 10 mL with water and analyzed for manganese using
an oxidizing air-acetylene flame.

Chemicals. A manganese standard solution, containing 1000
#g Mn/mL (as the chloride) was obtained from BDH. Dilutions
in water or HCI from a 10-ug Mn/mL stock to working con-
centrations were prepared on the day of use. Nitric acid was
distilled before use; all other chemicals were of analytical reagent
grade.

RESULTS AND DISCUSSION

Preliminary Experi ts. Attempts to determine
manganese in untreated tissue hc by the flamel
atomization method were unsuccessful. A considerable
proportion of in these ples was iated with

the particulate fraction, and settling of the fraction occurred
with standing of les in the autc pler. This and the
small sample size applied to the rod (2 uL) contributed to the
poor reproducibility encountered. Difficulties were also found
with untreated plasma samples. While a previous report has
indicated the successful determination of manganese in
untreated serum samples using a flameless atomization
method 6), we encountered difficulties with spluttering and

g of pl ples during the drying stage, even with
a 2-/4L sample size. Addition of Triton X-100 (0.1 to 1.0%
(v/v) final concentration) alleviated this problem, but created

0003-2700/79/0351-2086$01.00/0 © 1979 American Chemical Society
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Figure 1. Effect of acid treatments on recoveries of manganese from
heart tes. Standards in H,0 only, O; standards in homogenate
with final acid concentrations of 10% (v/v), ®; 25% (v/v), A; 50%
(vivym

others. Creepage on the rod occurred, with the degree of
creepage being related to the previous history of the rod being
used. Standard additions were required to obtain accurate
results. To overcome these matrix effects and to ensure
homogenous samples, further sample treatment was desirable.

Proposed Method. Several acids, including trichloroacetic,
hydrochloric, nitric, perchloric, and sulfuric, and one alkali
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Figure 2. Effect of HCI concentration on recoveries of manganese
from heart homogenate. Recovery from homogenates without
manganese standard additions, @; and with standard additions, A.
Values for the 5 M HCI treatment value were used as the 100%
recovery value

the types of carbon rod used, the sample sizes applied to these
rods, and the relative concentrations of calcium and mag-
nesium in the final sample.

As additions of HCI to homogenates and plasma did not
completely digest these samples, the effect of HCI concen-
tration on solubilizing the manganese fraction was investi-
gated. At each of | acid rations (0 to 5 M HCI),
recoveries of manganese in heart homogenate supernatants
was determined after manganese standard additions to these
samples of 0 and 13.5 ng Mn/mL, followed by heating (60 °C
for 1 h) and centrifugation. The results are shown in Figure
2.  Without acid treatment, only 37% of the manganese
inherent in the sample, and 63% of the added manganese, was
recovered in the supernatant fraction following centrifugation.
In contrast, addition of HCI at concentrations of 0.1 M and
greater gave near 100% recoveries in this fraction. The low
concentration required to liberate manganese from the
homogenate particulate fraction, suggests that manganese is

(KOH) were added at several rations to ples of
tissue homogenates, along with standard additions.. After
heating at 60 °C for 1 h, the samples were centrifuged, then
assayed for manganese. The curves for homogenate with
standard additions were then compared to curves of standards
in water only. The results for three of these acids (HCI, HNO,,
and HCLO,) are shown in Figure 1. Only HCI treatment gave
samples free of matrix interferences, as indicated by the
similar slopes for standard additions of manganese to water
only and to tissue homogenates treated with HCI. Slmllar
results were obtained for both liver and heart homc

leased from this fraction by a pH rather than hydrolysis-type
action.

Effect of Furnace Conditions on Results. In drying the
sample on the rod, no problems were encountered with
creepage or spluttering of the sample. In general the drying
phase was very similar to that of aqueous standards, pre-
sumably owing to the removal of much of the matrix from
these samples by treatment with HCl. For most samples a
2-uL, sample size was used to minimize the drying time re-
quired, and avoid unnecessary sample dilution. For plasma,

Other treatments led to either excessive manganese con-
tamination (e.g., trichloroacetic acid, KOH) and/or matrix
interferences, as occurred with nitric and perchloric acids.
In a previous study, significant matrix interferences by the
nitrates and chlorides of both calcium and magnesium have
been reported in the determination of by flamel

h , a 2-uL, sample gave insufficient sensitivity. This was
overcome by the use of internally threaded graphite tubes,
on which the sensitivity was increased by using a 10-uL sample
size. Drying parameters for both these sample sizes are shown
in Table I.

In the ash cycle following drying, liver, heart, and kidney
gave a single sharp ash peak which volatilized at <6(X)

methods (10). In the present study, interferences due to
chlorides of these elements have not been observed with either
tissue h orp ples when the acid used is
HCL Slgmficant suppresslon of the manganese signal was
found to occur when HCI was replaced by HNO; for sample
acid treatment. The differences in matrix effects observed

°C. Above this t ure no other back d

apparent and ash temperatures of up to 1500 °C for10s eould
be used before Mn volatilization became apparent (Figure 3),
giving a relatively large range of satisfactory ashing tem-
peratures for which background correction was unnecessary.
For pl. derived les, a ash fracti

between these studies relate to a number of factors, including

was p volatilizing at approxnmavely 1100 °C. Failure
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Table I. Operating Parameters for the D of M. Using the Varian Carbon Rod Atomizers, and
HC] Treated Samples
carbon rod i CRA-90 CRA-63
furnace type plain threaded plain threaded
sample volume (uL) 2 10 2 10
dry 100°C,25s 105°C,60s 5.75,25s 5,608
ash  plasma 1300°C, 10s 6.75, 208
homogenates 900°C,10s 6.5,15s
atomize ramp rate 700 °C/s 7,28
final temp. 2500 °C (step mode)
hold at final temp. 0.5 s
o 2% ar
0200 3188
5 6150 L
a
E .é
2ow 33t
\
\ X D
Ll .V 200 (39 80T 830
| Romp Rute {'Crsecl
" l. Figure 4. Effect of temp ramp rate in phase, on peak
LA A and peak area of HC! treated samples. Peak height mode with

Terperature [X4]

Figure 3. Effect of ashing P on the signal
mmmmammlzam«ommvealodpumammn

Heart h without or cor-
rection, OPlamMmbackgchonacum A; and without
background correction, B

to remove this peak resulted in considerable signal interference
unless background correction was used (Figure 3).

The ash parameters listed in Table I are for measurement
of plasma samples without the use of background correction.
In practice, we have obaerved shghtly belter precxsmn when
this non-atomic peak in p isr d prior to atomi-
zation, rather than relymg on background correction for its
removal.

In the atomize phase, increasing the ramp rate (°C rise in
temperature/s) considerably increased the peak height values
for homogenate and plasma extracts without affecting the peak
area (Figure 4). Atomize settings shown in Table I enable
maximum peak heights and sensitivities to be obtained. The
high ramp rate used with the CRA-90, is similar to that
obtained using step-mode atomization available with the
CRA-63 (approximately 800 °C/s); both atomizers gave similar
final results at the settings shown in Table I. Only one peak
(corresponding to the el t peak) occurs in the atomize
phase, using the ash parameters shown in Table I. At these
atomize settings, rod life usually exceeds 100 firings.

Accuracy and Precision. Accuracy of the method was
investigated by comparing results obtained by the proposed
flameless method and by conventional flame atomic ab-
sorption spectrometry. In the latter, wet digestion of samples
was performed in duplicate (see Experimental section). In
the former method, a single homogenate and acid extract was
prepared for each sample, with duplicate firings on the carbon
rod. A total of 27 livers, obtained from rats fed diets con-
taining 0.2 to 30 ug Mn/g diet, were assayed. Manganese
content of these livers was distributed through the range of
0.25 to 2.5 ug Mn/g wet weight. No attempt was made to
re-assay any sample, and the individual results are shown in
Figure 5. The Mn content of these livers, determined by the

flame method (x) and the proposed flameless method (y) were

height
plasma (10-uL sample size), B; Peak height mode, @; and peak area
mode, A; for heart (2-uL sample size)
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related according to the equation y = 1.03x - 0.004 ug/g wet
weight, with a coefficient of determination of 0.96, showing
good agreement between the two methods.

Relative standard deviations for 10 replicate determinations
of manganese in liver and plasma extracts were 0.5% and
3.5%, respectively. For the liver extract, the final concen-
tration of manganese after acid treatment was 26 ng/mL and
2 uL samples were applied to the rod. The plasma extract
contained 2.07 ng Mn/mL final concentration and 10-uL
samples were applied.
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Determination of Aluminum in Blood, Urine, and Water by
Inductively Coupled Plasma Emission Spectrometry

Plerre Allain® and Yves Mauras
L @ de Ph k

A method Is described for the determination of aluminum in
waler, urlno. and blood by Inductively led pl using

bulk Opli'mm g conditions
are detemdmd Interferences are systematically smdod using
different metals and metalioids and especially those commonly
found In biological samples. Some metals, particularly Ca, LI,
Sr, Na, Fe increase background intensity and alkkall metals and
alkaline earth metals Increase the net signal Intensity of Al
The limits of detection are: 0.4 ug/L in water, 1 ug/L In urine,
and 4 ug/L in blcod. Sampling preparation for blood and urine
Is reduced to a simple dilution with demineralized water.
Aluminum assays on 14 healthy subj; gave the g
results: blood 12.5 =+ 4 (std dev) ug/L, urine 4.7 = 2.5 (std
dev) ug/L.

Aluminum assays in body fluids and water have taken on
considerable importance over the past few years, ever since
the metal was first suspected of being involved in cases of
encephalopathy in patients with renal insufficiency under
dialysis.

Recent reports (I — 11) show aluminum is commonly de-
termined by graphite furnace atomic absorption spectrometry.
Our experience with this technique often produced manifestly
erratic results so that reliable assays could be obtained only
by frequently repeated measurements. These difficulties have

C.H.U., 49036 Angers Cedex, France

laboratory ware wnh water d lized after

Working C: Thei of length i
level, nebulization, and helght above load coil on the ugnll in-
tensity and the bacl was studi ‘mmgnlm;/L

solution of aluminum in water, in order to determine optimum
worlung condmons for the best uxgml/ background ratio.

Eval of I was studied
by nebulizing 1 g/L solutions of different metals and recording
the spectra for wavelength sweeps about 394.40 and 396.15 nm.

The effect on the signal i ity and on the backg
intensity was studied by adding i increasing concentrations of
different metals to a 1 mg/L solution of al and
the signal strength at the wavelength of aluminum, 396.15 nm,
and the backgmund level at a lower value, 396.09 nm.

The effect of anions was stud:ed by eompanng the mu]ts
obtained with 1 mg/L 1
nitrate, sulfate, p hate, and EUI‘A luti pri
concentrations so that each 1 d 0.5 g/L ‘of s0d

Procedure. Water, urine, and blood aluminum mm were
carried out at 396.15 nm. Urine samples were diluted to !/, blood
samples to '/}, while water samples were examined pure or diluted
in the case of concentrated solutions such as used in dialysis. The
calibration was carried out using an additive technique: each
sample was successively added to using standard solutions in
appropriate concentrations so as to obtain standard additions of
31.25, 125, and 500 ug/L. After centrifugation, each tube was
measured by takmg five readmgs of 5 8 eaclx The background
t of 0.06 nm,
was subtracted from each t. The dard addition
lines were calculated by the method of least squares, and the

ration of the was determined by extrapolation.

led us to carry out aluminum assays by inductively led
plasma emission spectrometry as described below.

EXPERIMENTAL

Apparatus. Plasma emission spectrometry was carried out
using a Jobin Yvon Elemental Analyzer JY 38 P, consisting of
a Plasmatherm source inductively coupled to a high fi
(27.12 MHz) magnetic field operating at 1.5 kW, a thermo-
regula(ed monochromwr H-R 1000, and an electronic readout

tor in Czerny-Turner configuration
includes a hologtaphxc grating with 2400 grooves/mm. The focal
length is 1 m, wavelength range 190-700 nm, dispersion 0.4
nm/mm. The gas used as coolant and carrier was argon and the
samples were introduced into the plasma by means of a concentric
pneumatic nebulizer.

Atomic absorption spectrometry was carried out using a
Perkin-Elmer HGA 2100 graphite furnace mounted on an In-
str tation Lab y IL 151 sp P with cor-

RESULTS

Optimum Working Conditions. Among the various
known lines of aluminum, only two, 394.40 and 396.15 nm,
produce a signal strong enough to allow aluminum deter-
minations at concentrations of less than 1 mg/L. For each
of these lines, the best working conditions were obtained at
1 kW, at a height of 25 mm above the load coil, with nebu-
lization at a pressure of 30 psi and argon flow at 1 L/min
corresponding to a nebulization speed of about 6 mL/min.
The coolant gas (argon) flow was adjusted to 13 L/min. Under
these conditions, a 1 mg/L solution of aluminum gave an
overall signal-background ratio of 40 at 396.15 nm and 20 at
394.40 nm.

Interference. lnterferenee was evaluated using different
metals and talloid , those ly found in
biologi les. The interaction of the matrix elements

rection for nonspecific absorption.

Reagents. The calibration for al and the evaluati
of spectral interference were based on standard Merck Titrisol
metal solutions of 1 g/L. All solutions were prepared in plastic

on aluminum detennmuhon can be classified under three
di spectral interfe , modification of background
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Figure 1. Action of different metals on the background measured at
the peak base of aluminum line: 396.09 nm

level, and modification of signal strength.

Spectral Interference. No spectral interference was ob-
served with Na, K, Mg, Sr, Li, and Tl. With Ca, Fe, Pb, Zn,
Hg, Cu, Bi, La, and Rb, signals of identical relative intensity
obtained at exactly the wavelength of aluminum 394.40 and
396.15 nm, were attributed to aluminum impurities in con-
centrations less than 20 ug/L.

The only element which gave several peaks around 394.40
and 396.15 nm was boron at 1 g/L and may therefore possibly
introduce errors in aluminum determination. However, these
peaks disappear at boron concentrations of less than 1 mg/L.

Calcium produced an emission at 396.8 nm, but this could
easily be separated from the aluminum line by the high
resolution of the monochromator.

Modification of Background Level. Some metals in solution
can increase the background level of demineralized water. In
Figure 1, signal counts are plotted against concentrations of
interfering metals, with 100 counts as the base value of de-
mineralized water for background correction at 396.09 nm
under the working conditions described.

Among the metals, Ca, Li, Sr, Na, Fe, K, Cu, and Mg,
calcium provoked the greatest modification of background
level, a fourfold increase at a concentration of 1 g/L. Figure
2 shows that, as mentioned above, the interference is not due
to the presence of a calcium line but to an increase in
background around 396 nm. At biological concentrations, and
taking into account the dilutions necessary for blood and urine
assays, Na, K, Ca, and Fe are the only metals likely to lead
to increase in background. When several of these metals are
involved, the increase in background is roughly equal to the
sum of the component increases.

The metals, Pb, Bi, Zn, and Rb, and the anions, chloride,
sulfate, nitrate, phosphate, and EDTA, showed no action on
background intensity.

Similar results were obtained for aluminum determination
at 394.40 nm.

! %) 2)
3 )
A A LN
Flgure 2. Sp btained for length ps from 395.90 to

396.35 nm with pure water (1), pure water containing 250 ug/L Al (2),
250 mg/L Ca (3), 250 ug/L Al + 250 mg/L Ca (4)

.

“counts”
100 counts

NET SIGNAL
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ADDED METAL 9
Figure 3. Action of different metals on 1 mg/L Al signal intensity

Modification of Signal Strength. Figure 3 shows signal
counts, with background intensity subtracted, plotted against
concentrations of added metals, with 100 counts as the base
level for a 1 mg/L aluminum solution in demineralized water.
It can be seen that the aluminum line intensity at 396.15 nm
is modified by the presence of other metals in solution.

Alkali metals and alkaline earth metals increase the signal
strength by 20-30% at a concentration of 0.01 g/L and by
almost 100% at 1 g/L. Copper is the only element tested
which reduced the signal intensity. When several metal ions
are present, the increase in signal strength is roughly equal
to that of the element producing the highest increase on its
own.

The anions, chloride, sulfate, nitrate, phosphate, and EDTA,
showed no action on signal strength.

Similar results were obtained for aluminum determination
at 394.40 nm.

Blood, Urine, and Water Aluminum Determinations.
The calibration graphs for aluminum in blood, urine, and
water are remarkably linear. Over a wide range of concen-



Table I. Reproducibility of 20 Day-to-Day
Replicate Determinations

mean X standard coefficient

pg/L deviation of variation
water 2% & 44
urine 34 124 i
blood 43 235 49

trations (0-2000 pg/L) linear regression coefficients are 0.9999
in blood, 0.9999 in urine, and 0.9998 in water. The detection
limit was calculated as the tration corresponding to
twice the standard deviation of background noise (12, 13)
With the dilutions used, we find 0.4 ug/L for water, 1 ug/L
for urine, and 4 ug/L for blood.

Table I indicates the reproducibility of the method used.
The same measurements were repeated each day for 20 days.
The coefficient of variation is 6-9% at low concentrations and
3-5% at high concentrations.

Aluminum assays on 14 healthy subjects of both sexes gave
the following results: blood, 12.5 + 4.0 (std dev) ug/L; urine,
4.7 + 2.5 (std dev) ug/L.

Aluminum assays on some patients under dialysis some-
times indicate concentrations as high as 500 ug/L or even
higher.

Ordinary tap water from our town supply contains less than
30 ug/L of aluminum.

The results of 16 blood samples routinely assayed using
plasma spectrometry and graphite furnace atomic absorption
techniques show a good correlation between the two methods
(r = 0.991).

DISCUSSION

The study of spectral interference showed that only the
presence of boron at concentrations higher than 1 mg/L could
introduce an error in aluminum assays. Boron, at such
concentrations, is very rare in biological samples and could
be easily dealt with by identification at 249.6 nm, a wavelength
at which there is no interference with aluminum. The signal
count at 396.15 nm could then be corrected for the concen-
tration of boron in the sample.

Aluminum assays could also be carried out at 394.40 nm,
but this wavelength has the disadvantage of lower sensitivity
although the interference and the interaction due to other
metals in the matrix remain unchanged. Besides, it should
be noted that the interaction on the background and on the
signal intensity vary with working conditions: height above
load coil, nebulization and plasma torch characteristics. Thus
the values indicated in Figures 1 and 3 are mean values
obtained under the defined conditions.

The matrix of the individual samples, especially in the case
of urine and water, is unknown and may vary considerably
causing changes in signal intensity and in background level.
This is why it is better to calibrate for each sample by using
the additive technique and measuring the background at peak
base by wavelength shifts. For blood samples, however, we
observed almost no differences in background intensity, which
may be explained by their relatively constant viscosity and
their similar Na, K, Ca, and Fe content.

During the nebulization of blood, the main problem en-
countered was due to the presence of high concentrations of
organic compounds which burn in the neighborhood of the
induction coils and clog the central orifice of the plasma torch.
Increasing the dilution of the samples to 1/15 or 1/20 pro-
duced only slight improvement while the sensibility fell
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sharply. To overcome this difficulty, we had new torches
constructed, with a larger diameter for the upper orifice of
the central tube, which allow several hundreds of blood
samples, diluted to 1/10, to be assayed for aluminum without
clogging and without loss of sensitivity compared to standard
equipment.

The nebulization of undiluted urine raised no special
problems, although it was found preferable to dilute the

les so as to dissol Is precipitated during storag
at 4 °C as well as to decrease background level.

One of the main advantages of the plasma torch is to allow
blood and urine aluminum assays without modification of
samples, thus decreasing the risk of loss or contamination
which easily occurs with techniques based on mineralization,
precipitation, or extraction. Centrifugation after dilution,
destined to prevent clogging of the nebulizer, does not alter
the signal strength.

The only disadvantage of the present technique is that it
requires fairly large test samples of at least 2 mL but we have
not yet had any experiences with the ultrasonic nebulizer. We
are currently experimenting with the introduction of mi-
crosamples using a graphite furnace.

The sensitivity of aluminum assays in water samples
corresponds to that indicated by Boumans and Barnes (14).
The linearity of the calibration graphs extends to very high
aluminum concentrations so that practically all blood and
urine samples can be directly assayed. For the same reason,
in routine assays on large numbers of biological samples, it
is possible to use a single addition for calibration. Our
aluminum assays on healthy subjects are in good agreement
with those obtained by other authors (1, 11, 15) using atomic
absorption spectrometry. However, the reproducibility of
results is far more satisfactory with the plasma torch method.
Our experience with graphite furnace absorption spectrometry
in routine aluminum assays showed the apr of fr
erratic peaks in spite of all the modifications we awempt.ed
in the graphite tube as well as in the techniques of sample
preparation. The poor consistency of the method sometimes
obliged us to inject each sample, three or even five times over
as did Crapper (16). Having encountered no difficulties of
this kind during hundreds of blood, urine, and water assays
with the plasma torch, we have finally decided to drop graphite
furnace atomic absorption spectrometry in favor of inductively
coupled plasma spectrometry for aluminum determination.
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Chemiluminescent Determination of Clinically Important Organic

Reductants

Robert L. Veazey and Timothy A. Nieman*

School of Chemical Sciences, University of lllinois, Urbana, lllinois 61801

The chemiluminescent (CL) reaction of lucigenin with reducing

gents In alkaline has been Investigated for deter-
mination of certain clinically important organic species.
Detection limits (in mg/L) were found to be: ascorbic acld,
0.17; creatinine, 4.7; uric acid, 0.64; glutathione, 1.0; glucuronic
acld, 9.1; lactose, 5.2; glucose, 21. The relative standard
deviation of the CL signal Is In the range of 0.5-5%. Certain
metal lons (Fe(III), Mn(II), Cu(ll)) Interfere with the de-
termination. The observed emissi y for a mixture of
analytes Is equal to the sum of the emission Intensities for the
separate analytes.

The chemiluminescent (CL) reaction of lucigenin (Luc)
(N,N-dimethyl-9,9"-biacridinium dinitrate) with hydrogen
peroxide was first reported in 1935 by Gleu and Petsch (1).
Since that time the reaction has received considerable
mechanistic study (2-4). This reaction has been shown to be
useful for determination of a variety of metal ions based on
their enhancing or inhibiting effect on the CL emission (5-7).
Despite the attention paid to the Luc CL reaction, the details
of the reactions remain subject to debate. It is probable that
the mechanism involves both oxidation and reduction steps
(8, 9). Totter found that the reductants ascorbate, hy-
droxylamine, creatinine, and fructose were effective in pro-
ducing CL from alkaline solutions of Luc in the absence of
hydrogen peroxide (9). These results suggested the possibility
of using the Luc reaction to develop CL methods of analysis
for organic reducing agents of clinical significance—those
commonly analyzed for in blood and urine.

CL determination of organic compounds has unfortunately
received much less attention than has determination of metal
ions. The only published determinations by direct reaction
have been for hydralazine using Ru(bipy);** (10) and for
fluorescent compounds with the peroxyoxalate reaction via
energy transfer (11). Indirect determinations for glucose
(12-15), NADH (16), amino acids (17), and glycerides (18)
involve enzymatic conversion of the analyte into a species
(typically H,0,) which can be determined via CL reaction.
A limited number of organics can be determined via their
enhancement of emission in reactions of H,0, with CL
reagents. The most sensitive analyses are possible with

d g a metal; examples are heme compounds
(contammg Fe(lll)) (8 19) and vnamm B,; (containing Co(I1I))
(20). Formaldehyde can be determined by enhancement of
CL emission in the gallic acid-H,0, system 21). Sune\s of
many organic compounds for enh tof CLe
in the luminol-H,0, system (22-25) have not resulted in any
analytical applications. Organic complexants such as EDTA
(26), 8-hydroxyquinoline (27), and amino acids (28) have been
determined by their inhibition of CL from metal-enhanced
systems.

We have investigated the CL reaction of Luc with the
organic reducing agents found at significant levels in blood
and urine. Table I indicates the species of interest and their
normal concentration ranges (29). Because these components

Table I. Reductants Found in Biological Fluids
blood, 95% urine, 95%
reductant range, mg/L  range, mg/24 h
ascorbic acid 2-14 10-100
creatine 1.6-7.9 11-270
creatinine 5-18 1000-2500
glucuronic acid 20-44 193-591
glutathione 270-415 ...
sugars
glucose 600-1200 16-132
galactose 3-28 3-25
lactose - 0-91
uric acid 16-76 80-976

are seen to be present in a large range of concentrations, the
low detection limits and wide working ranges routinely offered
by CL analytical methods could be advantageously applied
to determinations involving these reductants.

EXPERIMENTAL

R ts. Lucig (Aldrich Chemical C y) was used
as obtained with no further purification to prepare 1 X 10° M
stock solutions. One molar potassium hydroxide stock was
prepared from Acculute solution (Anachemia Chemicals, Ltd.).
Unstable reducing solutions were prepared within two hours of
use. Uric acid stock was prepared by adding 1 M potassium
hydroxide dropwise until dissolved, yielding a final pH of ap-
proximately 8. All solutions were prepared using deionized, glass
distilled water.

Apparatus and Procedure. All measurements were made
on a house-built inert stopped flow instrument described by Stieg
and Nieman (30). Basically the instrument consists of three
glass-barrelled syringes driven by an air piston. The syringes
deliver solution through inert Teflon tubing and Kel-F and
sapphire check valves into a four-way manifold mixer and then
to the measurement cell. The measurement flow cell used (Figure
1) is a modification of the one used by Stieg and Nieman (31).
Several improvements have been made to make the cell simpler,
easier to machine, and to provide a smaller volume. The cell itself
is machined into the back Teflon plate in the threaded cell holder
(thus eliminating the original variable depth flow spacer), and
is sealed by the presser screw to a glass window which serves as
the entire front of the cell. The volume of the cell is kept to about
100 uL while still exposing a large surface area to the adjacent
photomultiplier. The cell is mounted inside a GCA/McPherson
modular sample compartment, which is then mounted on an
optical rail with GCA/McPherson PMT module. This ar-
rangement gives a very short cell-to-PMT distance, while retaining
the advantages of modularity.

Figure 2 is a block diagram of the apparatus, illustrating the
data collector/controller interface. A house-built microcomputer
system based on the Intel 8080 microprocessor is interfaced to
the stopped flow to allow software control of sampling and data
collection.

Upon beginning a measurement cycle, (see Figure 3) the
microcomputer controller causes the three stopped flow syringes
to fill with solutions of Luc, base, and analyte, respectively, and
to deliver solution a total of four times in order to rinse the cell
thoroughly. After the last delivery is completed, a microswitch
on the syringe driver triggers the beginning of data collection.
The light output from the reaction in the flow cell is detected
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Figure 1. Flow cell; top figure is side view; bottom figure Is front view
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Figure 3. Typical data and measurement cycle

with a 1P28 photomultiplier tube. A GCA/McPherson EU-700-32
controller is used to amplify and signal average the PMT output
and to digitize the encoded information. The digital output from
the controller i is fed into a hardwired data handler (32) which

ap ed ber of data points from the EU-700-32,
and performs the tasks of summing the data points and of latching
the maximum value obtained during a given measurement. This
allows two methods of evaluating data: one on the basis of a signal
integrated over an entire peak and one based on the peak height
of the emission signal; or, in the case of a measurement being
stopped before a slowly changing signal peaks, the data are the
sum of the emission intensities from the beginning of the
measurement period (the end of reactant delivery) up to a set
time after mixing, and the maximum intensity obtained during
that same period.

A PMT voltage of 900 V was used in all cases except for very
concentrated ascorbic acid solutions, in which case the results
obtained at a reduced voltage were normalized to a PMT voltage
of 900 V. The EU-700-32 controller was adjusted to signal average
500 ms for each datum digitized and sent to the peak max/sum
handler. A total of 150 signal averaged points constituted one
measurement.
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Table II. Relative Intensities®

reductant intensity
ascorbic acid 10000
creatinine 152
uric acid 143
fructose 73
glutathione 30
glucuronic acid 28
lactose 25
glucose 12
galactose 9
creatine 0
sucrose 0

¢ Conditions: Luc =10"* M, KOH = 0.5 M, reductants
=0.60 mM

When the chosen number of data points have been summed,
the sum and peak height information are strobed to the mi-
crocomputer which prints them out on the teletype. The mi-
crocomputer then opens an auxiliary valve to the flow cell and
turns on a perstaltic pump to deliver concentrated nitric acid.
After each measurement approximately 4 mL of nitric acid are
flushed through the mixer and cell in a period of 30 s. This acid
rinse is necessary to remove reaction products such as N-
methylacridone which are insoluble in the alkaline reaction
mixture. The measurement routine is then repeated three times
for a total of four measurements with each sample. After the
fourth sample, the microcomputer signals through the teletype
for the operator to change the analyte solution. Normal procedure
was to alternate sample solutions with blank solutions. The
analytical signal was the average of the four sample measurements
minus the average of eight blank measurements, four previous
to and four after the true sample measurement.

RESULTS AND DISCUSSION

The reaction conditions were not optimized for each re-
ductant in the normal sense; instead, a set of four conditions
of Luc and base concentrations {combinations of 10° M and
10" M Luc with 0.5 M and 1.0 M base) were used with each
reductant to determine which of these conditions gave the
highest signal-to-noise ratio (SNR). The concentrations used
were determined from early experiments with glucose to be
good starting points for optimization, yielding a reasonable
signal without undue background reaction. At higher Luc
and/or base concentrations, the backgrould reaction yielded
a high emission signal without a corresp g SNR i
and these conditions caused heavy precipitation of reaction
products in the cell, making rinsing difficult.

Figure 3 shows the typical peak shapes obtained for glucose
and for ascorbic acid, superimposed on each other, showing
the measurement time period and illustrating the need for
a reproducible sample mixing and data timing sequence, which
is achieved through using a microcomputer for timing and
controlling the experiment.

Relative Responses. Table II lists the responses obtained
from the reducing agents (plus sucrose as a comparison of a
nonreductant) all measured under the same Luc and base
concentrations of 10 and 0.5 M, respectively, and at the same
reductant concentration of 0.6 mM. This concentration is
within the ranges for real clinical sample concentrations and
was chosen to obtain an easily measured response from each
reactant. The results are normalized to an ascorbic acid
response of 10000. As would be expected, there is a different
relative response for each reducing agent, and thus the de-
tection limits for each will be different. There is no obvious
correlation between the relative response and the reduction
potential for a given analyte; such a relationship has been
noted in certain metal-ion CL analyses (33). With the ex-
ception of ascorbic acid (for which this method is very sen-
sitive) and creatine (which produces significant response only
at much higher concentrations), the range of relative responses
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Table III. Working Curves (Log I ity vs. Log C ration)
limit of
detection,
standard error correlation mg/L,
reductant slope ¢ o intercept + ¢ of estimate coefficient SNR =2
ascorbic acid® 1.413  0.046 1.690 + 0.024 0.06899 0.99587 0.17
creatinine? 1.091 : 0.023 0.230 + 0.044 0.04081 0.99896 4.7
uric acid® 0.796 + 0.012 1.158 + 0.023 0.02179 0.99888 0.64
glutathione® 0.187 + 0.027 1.821 + 0.054 0.02395 0.96023 1
glucuronic acid® 1.0280 + 0.024 -0.230 + 0.053 0.02124 0.99915 9:1
lactose® 0.738 + 0.054 0.110 + 0.105 0.05093 0.96950 5.2
glucose® 0.905 + 0.019 -0.907 + 0.049 0.03224 0.99769 21

©KOH =1M,Luc=10"*M; » KOH=0.5M, Luc=10" M; KOH=1M, Luc = 107> M.

et s

Relative Intensity
T

' 1 tal 2 el
s 10° 10 10° 10
Concentration (mg/L)
Figure 4. Composite of working curves. Bars on each line indicate
the upper and lower limits of the normal clinical concentration range.
(a) Ascorbic acid, (b) uric acid, (c) creats (d) gk (e) gh i
acid, (f) glucose, (g) lactose

for these analytes is fairly narrow.
Note by comparison to Table I that the response rank of
a given compound is not the same as the concentration rank
for that compound—thus the reaction will be more easily
ble to ing some ¢ ds in preference to
others: a compound such as ascorbic acid, although present
in small quantities, should be easily detectable owing to its
large relative response. Additionally, there may be different
optimum reaction conditions for the various analytes (33, 34).
Analytical Results. Working curves of response vs.
ration were prepared for each of the reductants listed
in Table III, which gives the chosen reaction conditions,
least-squares parameters of the working curves, and calculated
detection limits. All working curves were plotted on a log-log

basis.

Figure 4 is a plot of all of the working curves on the same
graph, illustrating the great differences in responses and
concentration ranges for the various reductants. Bars indicate
the clinical working range for each compound. Note that the
ascorbic acid curve has a region in which there is a definite
change in slope. This is possibly due to achieving an ascorbic
acid concentration where the reaction kinetics are no longer
limited by the reducing agent, but by one of the chemilu-
minescent reagents. Note also the small slope of the glu-
tathione curve, which will cause small uncertainties in the
determination of the chemilumi t resp to grossly
affect the glutathione concentration as determined from the
working curve. For most of the reductants, the detection limit
is clearly sufficiently small to be able to measure the clinical
samples. The RSD of the CL signal is in the range of 0.5-5%
for each analyte over the range of the working curves. The
extent of the working range is sufficient in most cases,.and
in those in which it is not, simple dilution will bring the sample

Table IV. Expected Levels of Certain Metals in Serum

metal mean, mg/L  95% range, mg/L
Fe 1.90 0.50-3.30
Cu 1.10 0.50-1.41
Zn 1.09 0.69-1.49
Al 0.17 0.16-0.19
Mn 0.04 up to 0.10
Pb 0.03 up to 0.04
Sn 0.02 up to 0.03
Table V. Effect of Metals on Glucose CL?
species added % of glucose signal
Fe(111) 161
Zn(1I) 106
Sn(1V) 100
AI(III) 97
Pb(II) 96
Mn(1I) 27
Cu(II) -224
all metals 301
all metals + EDTA -181

¢ Conditions: Luc =10 M, KOH = 1M, glucose = 1.4
X 10°> M, EDTA = 2 x 107> M, metals at maximum clin-
ical concentrations (Table 1V).

down to a measurable region. Further optimization of reaction
conditions for each reductant may be possible in order to make
this dilution unnecessary.

Metal Ion Interference. Chemiluminescent reactions in
solution are characteristically sensitive to the presence of
certain metals which can inhibit or enhance the chemilu-
minescence process, or act in synergy with another impurity
or analyte to affect the quantity measured. Table IV lists most
of those metals normally found in body fluids, and their range
of concentrations in serum (29). To determine if these metals
would interfere with the CL determination of reducing agents,
the reaction with glucose was evaluated under the presence
of different metals at the maximum concentrations found in
blood serum. Although the effect of the metals may be
different in conjunction with one of the other reductants, this
study does yield information as to the amount of interference
to be expected from these low levels of contaminants.

The metals were added to the glucose solutions and the data
was taken within 3 h of mixing. Table V shows the results
of this study, as percent response compared to that of 250
mg/L glucose. A value of 100% would indicate no change in
the glucose signal; a value of 0% would indicate the back-
ground CL level. It can be seen from the table that under
the experimental conditions employed, Zn, Sn, Al, and Pb
should not pose a problem in the analysis since the results
obtained for glucose solutions containing these ions do not
deviate significantly from that of glucose alone. Copper(II)
might be expected to reduce the signal since in alkaline Cu(II)



Table VI. Mixture Analysis

a§corbic glucose, predicted measured
acid, mg/L mg/L intensity® intensity
1.0 400 262 255
2.0 250 358 322
2.5 100 385 368
3.0 600 668 678

@ Predicted values from:

I=98.97 (Cpscorbi u)' 40,7117 ( Woaded!
Conditions: sl.?uc'-:-af “* M, KOH = Oacﬁ )

solutions, glucose is oxidized to a mixture of its sugar acids.
The measured response for the glucose—Cu(II) solution is much
less than the glucose signal alone, and the presence of Cu(II)
causes almost complete inhibition of the background signal
(no glucose) itself. Mn(II) also inhibits the reaction, to the
extent of removing the glucose enhancement completely. If
the reaction mechanism for the background reaction is dif-
ferent from the mechanism for the glucose enhancement
reaction, it is of course possible that the Mn(II) could block
the enhancement but not the background reaction. Fe(III)
is apparently an enhancer of the reaction, its contribution to
the total signal approximately equalling the observed signal
due to glucose.

A mixture of all of the metals plus glucose significantly
enhances the signal to a level approximately 3 times that of

glucose alone. There is apparently a synergistic effect of.

certain of the metals in the mixture: the degree of en-
hancement from the metal mixture would not be predicted
from the results for the individual species.

The analytical CL signal for glucose was not altered by the
presence of EDTA, so addition of EDTA was attempted as
a solution to the metal ion interference. EDTA was added
in 10-fold excess to a solution containing glucose plus the
mixture of metal ions. The result was to decrease the CL
signal to well below the glucose background level. Apparently,
certain of the metal-EDTA complexes are inhibitors of the
reaction. (It has been previously shown that certain met-
al-EDTA complexes enhance light emission in the luminol
CL system (35).) This result leads us to believe that it would
be necessary to physically separate the analytes from any
metal ion interferences prior to CL determination.

Mixtures of Analytes. An important point in the
characterization of a CL reaction for analysis is the rela-
tionship between the total CL signal (for a sample containing
several analytes) and the CL signals due to each analyte
separately. In some CL systems this relationship is extremely
nonlinear (33).

We studied this relationship in the Luc-reductant system
using binary mixtures of ascorbic acid and glucose. The
mixtures contained between 1.0 to 3.0 mg/L of ascorbic acid
and 100 to 600 mg/L glucose. The observed CL intensity for
each analyte mixture is equal to the sum of the observed CL
intensities for ascorbic acid and glucose alone, at the same
concentration as in the mixture. The observed intensity is
then given by Equation 1

I = In + Ig = a[AA]® + 1G] (1)

where AA stands for ascorbic acid; G stands for glucose; a,
b, a’, and b’ are the least squares parameters from the working
curves. Table VI gives a comparison, for four mixtures, of the
measured signal and the predicted signal. The average de-
viation of the measured signal from the predicted signal is
4.6%. Figure 5 is a plot of measured intensity vs. predicted
intensity for 4 binary mixtures, 3 glucose samples, and 4
ascorbic acid samples. The prediction accuracy for mixtures
is seen to be ble to the prediction y for single
components.
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CONCLUSION

The lucigenin-base-reducing agent CL system has been
shown to be applicable to certain compounds of clinical in-
terest. Detection limits and working ranges are satisfactory
for the analysis of real samples. For a real application,
however, possible interferences in a sample must be removed
prior to the CL analytical reaction. In addition, since the
reaction does not differentiate reductants, the analysis would
be most direct if the analytes were separated from each other.
Thus, a major strength of this CL reaction could lie in its
application as a detector for HPLC. Preliminary work in this
direction has been promising, and will be reported at a later
date. An additional application planned for investigation is
the determination of certain polysaccharides by conversion
to the reductants which can be determined with this CL
reaction.
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Laser Fluorometry of Fluorescein and Riboflavin

Nobuhlko Ishibashi,* Telichiro Ogawa, Totaro Imasaka, and Mikio Kunitake

Faculty of Engineering, Kyushu University, Fukuoka 812, Japan

The detection limits of f in and riboflavin are ined
to be 0.02 and 0.6 parts-per-trillion, respectively, with the use
of a very senslitive fluorometric system (a niirogen-laser-
pumped dye laser and a pulse-gated photon counter). The
dependences of the S/Nratio and the detection limit of the

itation and emissl lengths are calculated and

p d In the figures for lent determination of the
optimal condition for ultratrace analysis. The results show that
the Stokes shift of the umplo molecule as well as the

lecule's P yleld, and
fluor band 'jlh' fl the detection limit signifi-
cantly. The present system Incorporates an emisslon
monochromator, and this Iis especlally useful for the analysis
of a molecule with a small Stokes shift.

Ultratrace analysis of fluorescing molecules has made great
progress by the use of laser sources for excitation. The unique
properties of the nitrogen-laser-pumped dye laser can give rise
to substantial gains in improving detection limits (7, 2). The
previously reported detection limits of fluorescein with a laser
source and a monochromator (3-5) were in the order of 30-100
ppt (ppt = 107'?) and are approximately identical to that of
a conventional fluorescence spectrophotometer. Recently,
however, the fluorescein detection limit, as determined by laser
fluorometry, has been reported to be 2 ppt (I).

The detection limit of a very sensitive fluorometric system
is not always determined by the sensitivity of the instrument.
The detection of fluorescein at the concentration of 1 X 1071
M would be possible with an instrument which is capable of
detecting the molecular fluorescence at A¢ = 5 X 107" (A,
absorbance; ¢, quantum yield) (6). However, residual
fluorescence from the solvent impurities, which cannot be
removed by any practical purification methods, interferes with
the determination of such weak molecular fluorescence.

The signal-to-noise (S/N) ratio is defined as the ratio of
the fluor intensity of the ple molecule to the
fluctuation of the background signal. The excitation wave-
length has a great influence on the fluorescence intensity and
the profile of the background signal. However, the excitation
wavelength has no influence on the profile of the fluorescence
band. It is useful to know the effect of the excitation and
emission wavelengths on the minimum detectable concen-
tration and to choose the optimal wavelengths for detection
with the highest S/N ratio.

In this paper an application of the very sensitive laser
fluorometric system (6) for the ultratrace analysis of fluor-
escein and riboflavin is described. The optimal experimental

condition for the fluorometry is discussed in terms of the
analysis of the S/N ratio.

EXPERIMENTAL

The spectroscopic apparatus consists of a dye laser and a
pulse-gat.ed photon counter, and has been described in detail
here (6). The fl cell is cylindrical, 6 cm in height
and 4 cm in diameter. Fluorescence was observed with a double
monochromator (JASCO CT-40D) equipped with an HTV R928
photomultiplier. The photoelectron signal was gated and counted.
The gatewidth was adjusted to 0-200 ns. The integration time
of the photoelectron signal was 50 s for each point in the spectrum,
and four runs measured under identical conditions were accu-
mulated. In the measurement of an analytical curve, the intensity
of the fluorescence signal of the sample and that of the Raman
signal of water were measured 10 times (50 s X 10), respectively,
and the ratio of fluorescence signal to the Raman signal was
plotted. This ratioing is useful to improve reproducibility when
the sample cell is exchanged. The drift of signal is negligibly small
during ratioing (6).

The fluorescein (Wako, chemically pure grade), and riboflavin
(Tokyo Kasei, guaranteed grade) were recrystallized from water.
The water was deionized, passed through activated charcoal, and
filtered (MF-Millipore, GS). Further distillation did not reduce
the background signal in the solution blank. The glassware was
thoroughly washed with soap, NaOH, and a chromic acid mixture
by using an ultrasonic cleaner and then rinsed with copious
amounts of water. The pH of the sample solution of fluorescein
was adjusted to 13 with NaOH, and that of riboflavin to 6-7 with
acetic acid and sodium acetate.

ANALYSIS

The proper selection of excitation and emission wavelengths
is important for ultrasensitive fluorometry. Calculation and
visualization of the dependences of the S/N ratio and of the
detection limit on wavelength will be useful for this purpose.

In the presence of a background signal, n;, (n, number of
photoelectrons), the actual fluorescence, ny, can be obtained
by subtracting ny, from the signal of the sample, n,.

ng=n,—ny (03]

The background signal consists of the scattered light of the
source radiation, source-induced background, and source-
independent background. In the present study the source-
independent backgrounds such as dark counts of the pho-
tomultiplier and electrical noise from the nitrogen laser were
negligible.

Then the S/N ratio is expressed as (7)

S/N=n;/+/n, +ny @

Since the S/N ratio depends on the number of photoelectrons

0003-2700/79/0351-2096$01.00/0 © 1979 American Chemical Society
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Figure 1. Fluorescence spectrum of fluorescein (pH 13, 5 X 10°"' M)

(1) and background spectrum of solvent water (2). Excitation source:
esculin dye laser (A, = 480 nm, A)A,, = 0.3 nm)

coming from the sample fluorescence and the background
photoemission, the S/N ratio varies as a function of the
excitation and fluorescence wavelengths.

The detection limit (DL) of the fluorometry is defined with
respect to the concentration at which S/N = 2. From

Equation 2,
n(DL) = 2(1 + 4/1 + 2n,) )

where n¢(DL) is the number of photoelectrons of the actual
fluorescence at the detection limit. Thus, the concentration
at the detection limit, c(DL), is expressed as follows;

2(1+4/1 + 2ny)
Feher) d(Ner)

where ¢ is the absorptivity, ¢ the quantum yield, / the intensity
of the exciting laser, and k a proportionality constant.

The S/N ratio and the detection limit can be plotted as
a function of the fluorescence wavelength at a specified ex-
citation wavelength, and this figure is useful for the selection
of the optimal experimental condition for fluorometry.

RESULTS

Fluorescence Spectrum. The fluorescence spectrum of
fluorescein (5 X 107! M, pH 13) excited by an esculin dye laser
is shown in Figure 1, together with the background spectrum
from the solution blank; these spectra have been improved
in comparison with the previous result (1) by using the double
monochromator and the pulse-gated photon counter. The
fluorescence band of fluorescein appears at 514 nm; the Raman
bands of water appear at 521 and 570 nm. The fluorescence
peak height of the 5 X 107! M sample is nearly equal to that
of the Raman band of water. The absorption maximum of
fluorescein is located at 491 nm, and its Stokes shift is about
910 cm™ (23 nm), which is considerably smaller than typical
organic molecules. The fluorescence bandwidth is 35 nm.

The fluorescence spectrum of riboflavin and the background
spectrum excited at 377 nm are shown in Figure 2. Riboflavin
has maxima at 266, 377, and 445 nm, in the absorption and
excitation spectra (8) and has a fluorescence maximum at 526

c¢(DL) =k 4)
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Figure 2. Fluorescence spectrum of riboflavin (pH 6-7), 1 X 10~ M)
(A) and background spectrum of solvent water (B). The Raman band
of water Is located at 431 nm (not shown). Excitation source: PBD
dye laser (A, = 377 nm, A\,, = 0.4 nm)

S/N_Ratio

Wavelength (nm)

Flgure 3. S/Nratio of fluorescein (pH 13, 5 X 10°"' M). Excltation
source: (A) esculin dye laser (480 nm), (B) 4-MU dye laser (450 nm),
(C) Al-Calcein Blue chelate laser (420 nm)

maxima are 19000 cm™ (260 nm), 7500 cm™ (149 nm), and
3500 cm™ (81 nm), respectively, and the last one coincides
with the Raman shift of water. The bandwidth of the
fluorescence is 85 nm.

Wavelength Dependences of S/ N Ratio and Detection
Limit. The S/N ratios of fluorescein excited at 420, 450, and
480 nm were calculated from Equation 2 and are shown in
Figure 3. It can be seen that excitation at 480 nm gives the
highest S/N ratio. The most preferable analytical condition
thus exists when the excitation is at this wavelength and the
observation of the emission is at 510 nm. The decrease of the
S/N ratio at 570 nm is due to the presence of the Raman band
of water. In the longer wavelength region, the fluorescence
is weak, and the S/N ratio decreases. When the excitation
wavelength was adjusted to 420 nm, the background signal
of the impurity and of the Raman band of water decreased.
However, the larger decrease of the fluorescence intensity of
fluorescein reduced the S/N ratio.

The detection limit of fluorescein calculated from Equation
4 (Figure 4) shows that the most preferable observation

length for the ultratrace analysis is in the 510-530 nm

nm. The separations of the absorption and fl
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Figure 5. S/Nratio of riboflavin (pH 6-7, 1 X 10~° M). Excitation
source: (A) PBD dye laser (377 nm), (B) 4-MU dye laser (450 nm)

region, and the minima of the detection limit appears on both
sides of the weak Raman band of water. The steep increase
at 570 nm is due to the strongest Raman band of water, and
the increase at above 620 nm is due to the weak fluorescence.

The excitation of riboflavin at 377 nm gives a higher S/N
ratio than that at 450 nm, as shown in Figure 5. This is due
to the smaller background signal when excited at the shorter
wavelength. Furthermore, the lapping of the fl
and the Raman bands reduced the S/N ratio when excitation
occurred at 450 nm.

The detectlon lumt of riboflavin is shown in Figure 6 The
minimum detect ration can be d with
emission at 526 nm. A wide region (500600 nm) is open for
ultratrace analysis, since there is a concomitant decrease of
the background signal with the d of the fl
intensity in this region.

Analytical Curve and Detection Limits. The depen-
dence of the fluorescence intensity of fluorescein on con-
centration is measured. The analytical curve of fluorescein

-
wn
T

Detection Limit Concentration (x16" M)
o S

500
Wavelength (nm)

6. D limit of jin (pH 6-7). E source: PBD

dye laser (377 nm)

is straight. The observed detection limits of fluorescein and
riboflavin are 5 X 1071* M (0.02 ppt) and 1.5 X 10712 M (0.6
ppt), respectively.

DISCUSSION

Factors Affecting the Detection Limit. In ultratrace
analysis, spectroscopic parameters such as the absorptivity,
the fluorescence quantum yield, and the half-width of the
fluorescence band have a great influence on the detection limit.
Furthermore, the analysis of the S/N ratio indicates that the
Stokes shift of the fluorescing molecule can profoundly in-
fluence the detection limit, since it depends on the overlapping
between the fluorescence of the sample and the Raman band
of the solvent (see Figures 4 and 6).

Fluorescent molecules can be categorized into three groups
according to the relative magnitude of the Stokes shift (Ag)
of the molecule and the Raman shift (Ag) of the water.

(a) Ag < Ag (eg., Fluorescein). The excitation and emission
wavelengths should be carefully adjusted, since the highest
S/N ratio, hence, the lowest detection limit, can be obtained
in the limited wavelength region (Figures 3 and 4). In this
case the double monochromator is especially useful to reduce
the scattered light of the laser.

(b) A\s = A (e.g., 450-nm Excitation of Riboflavin). The
bandwidth of the fluorescence of many organic molecules in
the condensed phase is larger than that of the Raman band
of water, and there two peaks appear in the S/N ratio as
shown in Figure 5.

(¢) A\s > Ag (eg., 377-nm Excitation of Riboflavin). A wide
spectral region is available for utlratrace analysis (Figures 5
and 6), since the fluorescence maximum is located at longer
wavelength than the Raman band of water, and since the
background signal decreases with increasing separation of the
excitation and observing wavelengths.

Since it is important to select the optimal condition for
ultratrace analysis, the illustrations of the S/N ratio and the
detection limit as shown before will be very useful, especially
for cases a and b.

Comparison of an Emi M h tor with a
Filter. As shown above, the monochromator is very useful
for ultratrace analysis in case g, since the emission wavelength
can be adjusted to the most preferable position. An optical
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Table I. Detection Limits of Fluorescein

" detection
exciting source detection apparatus Aex; MM Algy, NN Agm, M Adepy, nm limit, ppt -ref.
dye laser pulse-gated photon counter 480 0.3 510 0.5 0.02 a
dye laser averager 470 10 514 1.6 2 1)
Xe lamp dc amplifier 470 10 514 1.6 70 (1)
dye laser boxcar integrator 480 0.4 514 “-- 100 (3)
dye laser boxcar integrator 470 0.1 514 mici 40 (4)
N, laser boxcar integrator 337 <0.1 514 --- 30 4
dye laser charge-to-count data converter 469 0 522 4 70 (5)

@ Present work.

Table II. Detection Limits of Riboflavin
detection limit, ppt

exciting mono-

source detection apparatus Aex, M Alex, MM Aem, NM Algy,, nm chromator filter ref.
dye laser pulse-gated photon counter 3717 0.4 526 1 0.6 a
Xe lamp dc amplifier .- .-- .- .-- 100 (12)
Hg lamp photon counter 365 <0.1 filter 40 (11)
dye laser boxcar integrator 375 .- 540 38 13)
dye laser boxcar integrator 375 .- filter 0.47 (13)

@ Present work.
filter can be more useful for the measurement of weak CONCLUSION
photoemission in case c. Notably, the sub-parts-per-trillion The statistical variation of the number of the photoelectron

detections of rhodamine B (2) and rhodamine 6G (9) were
carried out with filters. Another advantage of a mono-
chromator is that the Raman band of water can be used as
an internal standard of the analytical curve. This procedure
improves reproducibility of the data.

Detection Limit. The detection limits of fluorescein
determined by various exciting sources thus far reported are
shown in Table I. The detection limit in the present system
is two orders of magnitude lower than that previously reported.
In the previous study (1), the major sources of noise at the
detection limit were the dark current of the photomultiplier
and the background signals caused by impurities in the
solvent. In the present study, the reduction of the dark
current by the gated electronics, repeated purifications of the
solvent, careful adjustment of the experimental conditions
with the aid of the S/N ratio and detection limit analyses
allowed the ultratrace analysis of fluorescein.

The detection limit of riboflavin is shown in Table II along
with previous results. The low absorptivity (¢ = 1.06 X 10*
(10)) and the low quantum yield (¢ = 0.26 (7)) of riboflavin
restricted the detection limit to 0.6 ppt, although this value
is much smaller than the previous value in a similar
(monochromator) detection system. The excitation spectrum
of riboflavin has three maxima. Excitation at 450 nm has
difficulty in resolving fluorescence from the Raman line.
Excitation at 377 nm has been satisfactory for the ultratrace
analysis. If second harmonic generation is possible, excitation
at 266 nm may be more preferable because of the higher
absorptivity and the lower background signal at 526 nm.
Riboflavin has a large Stokes shift and has a wide bandwidth,
80 that the filter detection would be useful; Richardson et al.
detected 0.47 ppt with filters (13).

pulses from the solution blank places a limitation on the
minimum detectable concentration. Thus, the use of a still
higher-output-power dye laser will not provide a large re-
duction of the detection limits. Still, there are two promising
methods for the detection of even lower levels. One is the
further purification of the solvent. The other is to make use
of temporal discrimination to reject unwanted signals.
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Flame Photometric Determination of Carbon Disulfide in Air

after Specific Preconcentration
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A new technique for determining carbon disulfide In air has
been developed. It Is based on concentrating this contaminant

onadma!ogmpﬂc._" treated with sodium azide and
thylph rlamide (HMPT) and then applying a
Madspnco tochnlquo folk d by flame ph try. This

method Is simple, accurate and allows analysis of a large
number of samples. Among the different factors affecting
quantitative do!ormlnallon of CS, In alr which wero studled,
P partial hydrotysis of CS, I g to the
tormnllon of H,S and COS Is the most important.

The use of large quanmles of carbon disulfide by t.he

total sulfur estimation and the second (poly(phenyl ether), H;PO,)
for separation of sulfur compounds (6). For H,S and COS
separation, the second column was replaced by a special silica
gel column (Tracor) (7).

To assess the efficiency of CS, trapping by different absorbent
mixtures, an automatically controlled injection device (Intersmat,
France) was connected to the gas valve of the analyzer, allowing
injection of a fresh gas sample every 3 min.

For headspace determinations, a septum injector was placed
in front of the column; the temperature was maintained at 60 °C.

Gas syringes of 0.1- to 1-mL volume (type A2, Precision
Sampling Corp., USA) were used throughout the study.

Atmospheres contaminated with known amounts of CS, were
prepared with a permeation tube maintained in a thermostated
chamber (Tracor 412) as described previously (8). In this ex-
perlment the mean CS, permeation flow was 7.75 ug/h.

hemical industry monitoring of this cc

both in industrial and ambient atmospheres. It is therefore
of interest to develop simple and rapid methods for sampling
and determination of this pollutant. Colorimetry based on
copper diethyldithiocarbamate formation has been extensively
used for many years but is not very suitable for field mea-
surement (I, 2). Methods involving the trappmg of CS, on
solid phases, like active ct 1 g (3) and
analysis with the flame phowmetnc detecwr (FPD) are in-
creasingly used because of their greater sensitivity and fea-
sibility (4). The ambient air concentration of CS; has also
been determined by cryogenic trapping at -196 °C (5).

The aim of this work is to describe a new method for CS,
sampling and determination, both in industrial areas and in
ambient air. This method is sufficiently easy and quick and
requires only commercially available material, i.e., a Tracor
HM 270 analyzer fitted with a septum injector, and reagents.

Carbon disulfide is first specifically retained on a treated
support of high efficiency. The support is then placed in a
headspace flask and the gas phase thus released is used for
CS, measurement by a flame photometry detector.

EXPERIMENTAL

Reagents. The absorbing reagent was prepared as follows: 10
mL of HMPT (Prolabo, France), 10 mL of distilled water, 2 g of
NaN; (Prolabo), and 50 mL of ethanol (9%6% v/v) were successively
placed in a 200-mL flask.

The flask was gently stirred until the sodium azide had
completely dissolved. Ten grams of acid-washed Chromosorb W
(60-80 mesh) were then added. Ethanol and a large quantity of
water were elimi d under rotary evap . The
mixture can be stored without detenorauon for long penod.s in
tightly-capped vessels.

Apparatus. Absorption cartridges were prepared by placing
80 to 100 mg (about 1 cm) of treated support in glass tubes 4 cm
long (i.d., 0.4 cm). The support was maintained by two glass wool
plugs. For storage, cartridges must be capped at both ends by
glass stoppers and small pieces of PTFE tubing.

For release of CS;, 40-mL headspace flasks were used (Pierce
Chemical Co., Rockford, IIL). They can be replaced by inexpensive
60-mL flasks fitted with Bakelite screw caps (Sovirel, France).
The cap was lined with a PTFE disk 0.2 mm thick. A silicone
rubber spacer was placed between the PTFE disk and the Bakelite
cap. Both cap and spacer had a syringe bore of 5-mm diameter.

CS; determinations were performed with a Tracor HM 270
analyzer fitted with two chromatography columns, the first for

d with CS, was drawn
through the absorbent cartridge at a flow rate of 150 mL/min.
Flow rate, sampling time, and absorbent weight can all be
modified.

Analysis. The content of one cartridge was poured into a
headspace flask containing 2 mL of 58% AR hydriodic acid
(Prolabo). The flask was promptly capped and placed in a water
bath at 40 °C. Two hours later an aliquot of the gas (usually 0.1
to 1 mL) was injected into the analyzer.

Calibration. Calibration curves were constructed by running
cartridges containing known amounts of CS, in exactly the same
way as the ples. Daily standardization of the analyzer was
simple and isted of treated standard solutions of sodium
diethyldithiocarbamate AR (Carlo Erba, Italy) which, under these
conditions, produce known quantities of CS,.

RESULTS AND DISCUSSION

In the first part of this work, we tested the CS, trapping
efficiency of several mixtures. Air samples containing small
amounts of CS, were drawn through cartridges and injected
into the analyzer every 3 min by means of an automatic gas
valve. The time interval was measured between CS, entry
at the inlet of the cartridge and its exit at the outlet. The
best results were obtained with a mixture containing either
sodium azide or a secondary amine (e.g., piperazine) and
HMPT on Chromosorb W. HMPT greatly improved the
capacity of the absorbent. Sodium azide was chosen because
of its instability and because of the lability of the azide—carbon
disulfide addition product.

The efficiency of this trapping mixture was very high. As
an le, CS; at a ration of 174 ug/L air, was drawn
through 100 mg of treated Chromosorb at a flow rate of 4.5
L/h for 6 h, 45 min before any trace of CS, could be detected
at the outlet of the cartridge.

In the second part of this work, we attempted to determine
CS, in the form of N;CS,. Spectrophotometric determi-
nations was not used because of insufficient sensitivity (9).
Further, extraction of the addition product by organic solvents
prior to chromatographic analysis is not satisfactory because
of the presence of sodium azide and HMPT and also because
these solvents usually prolong chromatography and require
a back-flush system to avoid detector flame extinction.

For all these reasons, we chose a technique involving the
destruction of the azide—CS, addition product in acid medium
and the volatilization of CS,. Among the different compounds
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Figure 1. CS, generation from N;CS," in a headspace flask

Table I. Precision Study®

within a set of
samples drawn
from different

within a set of
samples drawn

from same cartridges on
cartridge different days
determination of 5.342 + 0.131 3.833 + 0.125
CS, without (20) 16
conversion into 0.645 + 0.016 1.291 ¢ 0.065
COS and H,S (22) (14)
determination of o= 1.563 + 0.193
CS, after complete (18)
conversion into
COS and H,S

@ Mean and standard deviation (number of determina-
tions), results expressed in ug.

tested hydriodic acid completely released CS, within 2 h at
40 °C (Figure 1) whereas acetic acid, iodine + acetic acid,
o-phosphoric acid and hydrochloric acid released only small
amounts of CS, during the same period. At higher tem-
perature (80 °C), regeneration of CS, was completed in less
than 30 min, but under these conditions, condensations in
syringes increased the variability of the results. This is why
all incubations were performed at 40 °C. The volume of
hydriodic acid had little effect on the results in the 2- to 6-mL
range.

Table I shows the results of reproducibility experiments
with fresh samples. The detection limit may be improved by
using smaller headspace flasks or increasing injected sample
volume to several milliliters. Using 40-mL headspace flasks
and 1-mL gas phase injections, the CS, detection limit per
cartridge was 1.2 ng or twice the background noise. However,
since the reagents in the flasks contained CS,, it was not
possible to attain this limit (mean of eight experimental
determinations: 1.97 ng, s = 0.434). Great care was taken
to avoid contamination of flasks or syringes.

A standard curve can be made by injecting 0.1 mL of gas
phase coming from the headspace flasks. So, the CS, quantity
in cartridges is determined by the relation:

log ng CS, = 0.495 log R + 1.339

where R = height of the peak (mm) X FPD attenuation (range:
107).

Large variations in experimental conditions such as
sampling time, air flow rate, flask volume, size of the sample
injected, and the detector attenuation enabled determination
of a wide range of CS, concentrations in air. Another ad-
vantage of the method used is the possibility of making re-
peated determinations in a short time (less than 2 min per
chromatographic measurement).

A single peak app d on ch when cartridges
were treated immediately after sampling; however, when they
were kept at room temperature for several hours, this peak
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decreased, forming a second peak. Judging by the retention
times on the poly(phenyl ether)-H;PO, column, the second
peak might correspond to carbonyl sulfide and/or hydrogen
sulfide. These compounds were readily identified on a silica
gel column.

COS and H;,S formation may result from partial hydrolysis
of the azide-carbon disulfide addition product in accordance
with following scheme:

S OH
7 /
N,=C_ + HOH — [ N,—C-sH [— gN, + COS + H,8
S S
Thus, according to this sch of the t

of COS and H,S formed by CS, hydrolysis should permit
determination of the amount of CS, initially present in the
cartridges before its conversion. However, we observed that
only the COS chromatogram peak was usable, since the re-
sponse to H,S varied considerably for the same sample,
probably because of the losses in H,S from the flask, and
during its gas phase transfer by syringe.

We also noted that for a given quantity of CS,, the response
was much greater when CS, was not converted into COS. This
can certainly be explained by the different number of S atoms
in these two molecules. We therefore found that 1 ug CS,
converted into COS produced a response equal to about 0.5
ng CS,.

Tubes stoppered at both ends can be stored for more than
a month at room temperature without loss of COS. Nev-
ertheless, the variability of the results obtained under these
conditions is greater than the results for CS,. After total
transformation of CS; into COS, a calibration curve has been
obtained according to the relation:

log ng CS; = 0.493 log R + 1.635

COS and H,S retention times in cartridges were very brief.
Thus when a COS-H,S-air mixture was passed through the
cartridges, followed by a CS,-air mixture of similar con-
centration (0.86 ug/L, 9 L./h), only a small fraction of the COS
and H,S was retained for a few minutes, whereas CS, was
bound to the absorbent for many hours.

Since, COS and H,S were not retained on the absorbent
in the presence of an air current, we feared that during
prolonged sampling, the COS and H,S produced by CS,
hydrolysis might be eliminated from the sampling tube.
Therefore, in order to create the most unfavorable conditions
for sampling CS, in air, tubes containing 1.94 ug CS, were
subjected to a 150 mL/min air current at ambient temperature
for different periods. The resulting measurements were
compared to determinations made from freshly taken samples.
Losses of CS, were then 5% after 30 min, 10% after 1 h, and
38% after 4 h. At the last time, the COS remaining in the
cartridge was approximatively 1% of the CS, initially present.
Cooling the cartridges to 0 °C almost completely prevented
losses after 4 h, and kept them below 10% after 24 h.

Stability of cartridges after sampling was excellent at —20
°C for over one month. At ambient temperature, however,
degradation occurred after several hours and, at 50 °C, was
complete in less than 2 h.

Cartridge absorption capacity was satisfactory when
sampling tubes were used in ambient air with normal hu-
midity. Thus, for 50 to 60% relative humidity, 100 mg of
support remained effective for more than 6 h with a CS,
current in air of 800 ug/h. On the other hand, for the same
amount of support, the same CS, flow rate, and the relative
humidity of 90 to 100%, the absorbent was effective for only
a few minutes. Nevertheless, with maximum humidity and
the same air flow rate, the cartridges retained CS; for several
hours when the amounts of CS, were much smaller. When
the water and CS, content of air are high, humidity can be
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eliminated by using a prefilter containing magnesium per-
chlorate which does not retain CS,; but in most cases, such
tion is t Y.
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Quantitative Electron Spectroscopy for Chemical Analyses of

Bitumen Processing Catalysts
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X-ray photoelectron spectroscopy (XPS or ESCA) has been
used to analyze a large number of Mo/Al,0, hydrodesulfur-
Izatlon catalysts contalning nickel and cobalt as promoters.
Results were obtained from tional 3.2-nm di t
pressed or extruded pellets. Results were also obtalned from
four extruded catalysts which were ground and repressed In
an Infrared sample press. We thus obtain external pellet
surface and pellet Interlor (or “bulk”) ESCA analyses, re-
spectively, from the above two sample types. Oxidation states
of the metals have been igned from the chemical shifts,
while the computed areas of the deconvoluted ESCA bands
have enabled quantitative determinations. The ESCA external
pellet surface and ESCA interior “bulk” analyses are generally
hgoodagmmﬂwnhoachoﬂm mdwuhmeblﬂ(chenical
compositions. One clal Ketjen catal
ylelded an apparent exterlor surface Mo concemrallon whlch
Is almost five times that of the chemical bulk and ESCA "bulk”
itions. The catalyst preparati thod has a strong
effect on the surface chemical composition. The surfaces of
the gel Impregnated metal oxide catalysts are more or less
the same as their bulk, but this Is not true for catalysts
prepared by impregnation of calcined y-Al,0,.

X-ray photoelectron spectroscopy (XPS) or ESCA (electron
spectroscopy for chemical analysis) recently has been used
widely to study molybdenum compounds (1, 2) and Mo/Al,QO;,
hydrodesulfurization catalysts (3-9), usually containing Co
as a promoter. The Mo 3d binding energies have been very
useful in assigning the oxidation state and coordination
environment of Mo in the oxidized and sulfided catalysts.
However, the interpretation of the Co binding energies is less
clear cut (8, 9). ESCA studies of such catalysts with Ni
promoters have not yet been reported.

In the past few years it has become clear that ESCA in-
tensities can be used, with certain assumptions, to obtain

1 Present address: Division of Mechanical Engineering, National
arch Council of Canada, Ottawa, Ontario, Canada.
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quantitative analyses of surfaces (10, 11). For example, Adams
et al. (11) have concluded that atom ratios for the principal
constituents of homogeneous inorganic compounds and
minerals can be obtained with an accuracy, on average, of 5%.
The most important factors affecting quantitative XPS
determinations of homogeneous samples have been discussed,
for example, by Wagner (12). However, in previous ESCA
studies of heterogeneous catalysts, there has been no report
of a fully satisfactory attempt to obtain quantitative elemental
analyses of the catalyst surfaces. The problems of photo-
electron attenuation by surface segregated and/or sintered
metal particles have been discussed in detail for Ni/Al,0; (13),
Rh/C (14) and M/SiO, (15) catalysts, for example. In these
cases the segregated, reduced metal particles, having thick-
nesses which are significant fractions of the photoelectron
mean-free paths, directly attenuate the transmission of
photoelectrons from both the metal and other, anterior atoms.
The intensities of selected photoelectrons from the active,
reduced metal and the support are thus incorrect, the degree
of attenuation being a function of the low degree of metal
dispersion and particle size.

Neglecting the effects of mass transfer limitations, it is
evident that the catalytic activity will depend on the average
composition of the total surface area (external and interior
of pellets) rather than the average macroscopic bulk chemical
composition. It is not clear that the concentrations of Mo,
Ni, and Co on the particle surfaces in the pellet interiors of
these catalysts are directly equivalent to, or even related to,
their true bulk or macroscopic concentrations.

The prior quantitative ESCA studies on the external
surfaces of reduced metal catalysts (13-15) have shown that
considerable caution must be used in interpreting those ESCA
results because of the metal atom segregation. However, for
impregnated and unreduced metal-oxide catalysts it is ac-
cepted (16, 17) that segregation of the catalyst from the
support does not occur in the same way. Nor is it evident that
external surface ESCA compositions need necessarily vary
from the chemical, bulk compositions.

We have undertaken a detailed ESCA study of over 30
Mo/Al,Oj catalysts in the oxide and sulfide states to de-
termine the oxidation states of the metals, the concentrations
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of the metals on the surfaces, and on pellet interior, “bulk”,
surfaces. We report representative spectra which show that
ESCA can be a very powerful, routine technique for such
analyses. Detailed results are contained in a Departmental
Contract report (18).

EXPERIMENTAL
The lysts were prepared by a gel imp
as discussed previously (19) and were examined in both oxided
and H,S presulfided forms (20). Average macroscopic chemical
compositions were determined by atomic absorption. Surface
areas were measured by a conventional N; BET method. Surface
morphologles, pamcle types and slzes were examined by
py, energy d X-ray anal

3 s

and X-ray dlffrnctxon
The ESCA analyses of both oxided and sulfided catalysts were
obtained on extruded pellets of 1-cm length and 3-mm d

ANALYTICAL CHEMISTRY, VOL. 51, NO. 13, NOVEMBER 1979 « 2103

” - L a ue e o L w g
£ 2

1m0
1700

',IS

c

Q,

§

In four cases, the pellets were ground and reformed into 0.5-mm

thick disks in an infrared ple press. The analyses of these

pellet interior surfaces should better approximate the average

macroscoplc compositions and we label these four ESCA analyses
“bulk” in this paper.

Spectra were obtained using a McPherson ESCA 36 spec-
trometer with a Mg or Al anode. The angle between the incident
photons and analyzed electrons was 90°. Eight samples were
mounted on the sample carrousel. A number of extruded pellets
were aligned in llel across a ing plate to give the
maximum sensitivity. As a result of the relatively high con-
centrauon of physisorbed matter, sample degassmg was quite

les were not d d prior to mountmg
in the ESCA chamber to avoid ion by carb
impurities. C q ly the chamber was ped down ov-
ernight for each loaded set of samples.

Broad scans for all samples were obtained from 1000 to 0 eV
binding energies with a channel width of 1 eV. Narrow scans
(10-30 eV) for all the peaks of importance (Al 2p, C 1s, Mo 3d,
0 1s, Ni 2p, and Co 2p) were obtained to high statistics where
practicable.

The irregularity of the extruded pellet (essentially noncon-
ductmg) surfaces resulted in considerable chargmg (3 eV) and

tial differential charging which i d line widths to
close to 3 eV. The lme w1dths in the two, infrared style, pressed
disks were b of the smoother, flatter
surfaces of these disks. Bmdnng energies were calibrated relative
to the C 1s contaminant peak at 284.5 eV. This peak value was
set at the value for graphitic C 1s obtained on the McPherson
36 spectrometer. However, since the C 1s binding energy shifts
for different carbon chemical species, there is some potential
uncertainty in the determinations of changing corrections.
Confidence in the method used can be derived from the fact that,
relative to C 1s, the corrected binding energies of both O 1s (531.1
eV) and Al 2py, (73.8 eV) are constant to within 0.1 eV over
the whole series of samples. This suggests that our charging error
correction method does not introduce errors of more than 0.2
eV. However, both the O 1s and Al 2p values are 0.4 eV lower
than typical literature values (O 1s 531.6 eV and Al 2p 74.3 eV
(avg. of 7) relative to C 1s at 284.6 eV)(21).

The complex bands were deconvoluted using a program written
by L. L. Coatsworth (22), and modified by one of us (R.P.G.) so
that the splittings and areas of spin-orbit doublets could be
constrained to their observed and/or theoretical values. Each
spectrum was fitted with an analytical function consisting of
Gauss-Lorentz functions and a linear base-line correction. The
Co and Ni 2p peaks have substantial shake-up intensities as-
sociated with them, and we have mcluded this shake-up intensity
in the Co and Ni areas.

RESULTS

Qualitative Analyses. The familiar, typical broadscan
is shown in Figure 1, and the major primary peaks are
identified. It was important and pleasing that the C 1s
contamination peak in this and other spectra was small. The
spectrum clearly demonstrates that the attenuating effects
of contaminant carbon on all photoelectrons of interest in this
work should be minimal. From the narrow scans, the ranges

e “ o terer ey == =

Figure 1. Widescan ESCA spectrum of the unused catalyst number
317 (Ketjen). The major primary peaks are noted

CHANNEL NUMBER
138

2000
L

NUMBER OF COUNTS
Al

1000

Figure 2. ESCAspectnmofmeMosdreobnhsdmadcathst
number 236. Peaks 1 and 1’ are assigned to MoO,, peaks 2 and 2'
to MoS,, and peak 3 to the S 2s peak

Table I. Binding Energies for the Major Species in
Catalyst Samples®

peak binding energy, eV®

MoV! 3d,,, 232.0 + 0.5

Mo'V 3d,,, 228.5 + 0.2

Al 2p,,, 73.81 0.2

1s 531.2+ 0.2

SVigp,. 167.7 + 0.2

S* 2p,,, 161.4 + 0.2

Co'l 2p,,, 786.8 + 0.5

satellite 786.8 + 0.5

Ni't 2p,,, 856.4 + 0.4

@ All binding energies are determined with C 1s at
284.5 eV as a reference. ° The range of binding energies
for all samples is given.

of binding energies for the most intense peak of each element
were obtained (Table I). The onded samples gave simple
spectra with Mo 3d;,, binding istic of MoOg
(1, 2), and Al 2p binding ies characteristic of Al;04 (23).

The Co and Ni binding energies, and shakeup satellite
positions and intensities point to Co®* (8, 24) and Ni** (23,
25) in oxide environments. The sulfided samples give two Mo
doublets (Figure 2), mainly due to MoS, and MoOj (7). The
sulfur 2p spectra contain both S and SV! (presumably SO )
(23). Figure 2 shows line widths, separations, and band shapes
obtained for the peak area determinations by deconvolution.
As well, error bars show the statistical uncertainty for the
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Figure 3. Variation of bulk (chemical analyses) and surface (ESCA)
atomic percent for O, Mo, and Al as a function of MoO; wt % for the
six Mo/AlO, test catalysts. The Mo at. % is shown on the top scale

electron counts for each channel analyzed. For any given
catalyst there was no noticeable change in the Co 2p;,, or Ni
2py;2 binding energies on sulfiding. There are, however,
noticeable binding energy trends as a function of catalyst
concentration within a series of catalysts, but discussion of
these trends will be reserved for another paper.

Quantitative Analysis. A number of workers have used
ESCA band areas to obtain quantitative analyses of surfaces,
and Wagner's recent article summarizes this important use
of ESCA (10). In our treatment, we neglect the attenuating
effect of the small C contamination layer, Figure 1, and the
B asymmetry values (10, 11, 26). We can then write for a peak
area, A,, determined by this spectrometer:

A, « no,(K.E)," 1)

where n, is the number of x atoms, o, is the probability of
exciting a photoelectron—the so-called cross section (27), and
K.E. is the kinetic energy of the outgoing photoelectron.

The transmission of the analyzer is linear with the kinetic
energy, and Wagner (10) has shown that the mean free path
or escape depth is proportional to (K.E.)® for 0.68 < b < 0.82.
We take the escape depth dependence to be proportional to
K.E.7, and combine the transmission and escape depth
functions to obtain (K.E.)"" in Equation 1.

The exact proportionality function in Equation 1 depends
on such experimental parameters as the X-ray source power
and X-ray source/sample/slit geometry, and is not known.
However, the proportionality factor is constant for given
instrumental settings, and thus, the ratio of two n's can be
written as:

n, o, (KE) 4,
n, o, (K.E),"" A,

From Scofield's cross sections (27) and the measured peak
areas and kinetic energies, we can determine in the usual way,
first, the ratio of ns for all elements on the surface (excluding
carbon) and, finally, the elemental compositions in atomic per
cent.

We then can compare the ESCA results with the chemical
compositions, Figures 3-5 and Table II. To obtain the
chemical composition in atom per cent for this comparison
we use the practical nominal weight per cent values from
preparation, Table II (right column). If we use actual atomic
absorption values, very similar atomic per cents are obtained.
For example, the following atomic per cents are obtained from
the preparative (and atomic absorption) values for catalyst

N ATOMIC % (CHEMICAL)
oo s o

NI ATOMIC % (CHEMICAL )
03 o3 o

NO W "o W
Figure 4. Variation of bulk (chemical analyses) and surface (ESCA)
atomic percent for Al, O, Ni, and Mo as a function of NiO wt % in the
six Ni/Mo/Al,O; test catalysts. The Ni at. % is also shown on the top
scale
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Figure 5. Variation of surface (ESCA) atomic percent in oxided and
sulfided samples as a function of NiO wt %
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244: 0, 62.8 (62.6); Al, 32.1 (32.8); and Mo, 4.88 (4.65). The
results in Figures 3 and 4 show that for both the Mo and
Ni/Mo oxide test catalyst series, the ESCA external pellet
surface and macroscopic average chemical compositions are
remarkably close—in nearly all cases within 5%. Another
indication of the close agreement comes from plots (18) of
external surface ESCA vs. macroscopic chemical analysis
values for Al, O, and Mo. As a result of the layering of surface
MoO; for loadings of less than 13 wt %, the four catalysts
having 3, 6, 9, and 12 wt % MoOj; are expected to give the
best behavior. Linear least-squares correlations of data for
these four samples yield correlation coefficients (R) of 0.992,
0.997, and 0.975, respectively. These R values indicate that
the pellet external surface compositions determined by ESCA
have relatively small uncertainties.

Despite our simplifying assumptions, we believe that the
differences between the ESCA external pellet surface and
chemical analyses, Figure 3, are not due to systematic errors.
The results in Figure 3 show that these ESCA external pellet
surface results are within 5% of the average macroscopic
values and have considerably more precision than that.

The atomic absorption chemical analyses of the nonsulfided
catalysts reported in this paper are given in Table II. In spite
of the fact that the chemical compositions varied from 0 to
30 wt % MoQ,, the BET N, surface areas do not differ re-
markably, Table II. We would normally expect the measured
areas to have a precision of #5%. For four catalysts we
measured the areas 2 or 3 times. The variation in areas is
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Table II. Chemical Analyses of the Catalysts

) ) B nominal wt %

catalyst atomic absorption analysis, wt % + 5% wt % of total from preparation N;mB:t
no. Al,0, MoO, NiO (CoO) total® MoO, NiO(CoO) MoO, NiO (CoO) M, g™
164 78.34 4.32 3.00 85.66 5.04 3.50 5.4 3.5 226 + 5%
165 717.86 4.32 1.82 84.00 5.14 2.17 5.4 2.1 178 + 5%
166 78.78 4.28 1.25 84.31 5.08 1.48 5.4 1.4 213+ 5%
167 77.88 4.19 0.73 82.80 5.06 0.88 5.4 0.84 216+ 5%
185 81.16 4.55 0.01 85.72 5.31 0.01 5.4 nil 179 + 5%
188 77.99 4.41 0.92 83.32 5.29 1.10 5.4 1.05 =
233 91.48 2.90 = 94.38 3.07 - 3 - 193 + 6%
234 89.59 5.30 = 94.89 5.59 - 6 - 189: 7%
235 85.55 8.60 = 94.15 9.13 - 9 - 215 + 4%
236 84.55 10.90 = 95.45 11.42 - 12 - 215+ 2%
244 67.45 25.40 - 92.85 27.36 - 30 - 198 + 5%
245 80.18 16.70 = 96.88 17.24 - 18 - 183+ 5%
314 74.18 10.52 (4.70) 89.40 11.76 (5.26) 12 (4)
315 72.45 11.22 (4.20) 87.87 12.77 (4.78) 12 (4)
316 74.52 10.61 (3.89) 89.02 11.92 (4.37) 12 4)
317 70.93 14.45 2.51 87.89 16.44 2.85 15 3
318 71.46 13.56 (5.17) 90.19 15.03 (5.73) 16 (5)

@ It is assumed that the balance is H,0.

somewhat better than £5%, Table II. The similarities of areas
indicates that the average microparticle size does not vary
greatly from catalyst to catalyst. However, since MoO; ex-
ternal to the support is present in monolayer form (16, 17),
we expect little of the surface areas to be derived from this
MoO,.

Conventional powder X-ray diffraction patterns of the two
series of test catalysts indicated that the support phase is
v-Al,0; having very small particle sizes or a high degree of
microcrystallinity. Transmission electron microscopy did not
indicate the formation of large crystallites of MoOj, in the most
heavily loaded catalyst. However, energy dispersive X-ray
analysis of particles from the catalyst with 30 wt % MoO,
indicated that the Mo/Al ratio varied from 1:2 to 2:1 de-
pending on the individual particle studied. A more careful
X-ray diffraction study of the 30 wt % MoOj; catalyst, using
a Guinier camera, identified a clear MoO, phase. However,
no distinct Al,O; pattern was found, as before. This might
be due to the formation of an amorphous solid of Al,0; in-
corporating part of the MoOj; in the bulk. Subsequent particle
size determinations gave a mean MoQj particle size of 4.0 nm
for the 30 wt % MoOj; sample.

From these characterizations and the previous work (16,
17), we conclude that the catalysts having less than 10-15 wt
% oxide loadings, yield surface MoOj in highly dispersed,
monolayer form. Only at very high loading is there evidence
for MoOj crystallite formation. This is in stark contrast to
the observed formation of aggregated metal particles in
supported, reduced metal catalysts (13-15).

ESCA results for gel impregnated, mixed metal-oxide
catalysts are in contrast to the ESCA results for supported,
reduced metal catalysts (13-15). In the latter cases aggregation
of the reduced metal atoms into metal particles leads to low
degrees of dispersions (relative to a monolayer). The con-
sequent anomalies in the ESCA determinations have been
discussed in detail (13-15). :

For Co-Mo-Al,Q, catalysts, however, it is generally ac-
cepted (16, 17) that MoO; occurring near the support surfaces
is highly dispersed, most probably as partial monolayers on
the Al,O, spherulites. (For catalysts of about 200 m? g”!, a
full monolayer corresponds to about 13 wt %.) Above about
10-15 wt % molybdenum oxide, particles are believed to form,
in addition to the monolayer, giving an increasing ratio of
particulate and 1 d molybd oxides. At loadi
below 13 wt % MoOj, segregated monolayers are generally

expected to exist (16, 17).

Photoelectrons scattered from such metal-oxide catalysts
would not be attenuated in the same ways as for particulate,
reduced metal catalysts. Within the error of the method,
forward scattered photoelectrons from Al and O in anterior
layers, as well as photoelectrons from Mo and O in the superior
layers should all escape subject only to relatively normal depth
attenuations. Thus the atom ratios determined by Equation
2 should be valid for gel impregnated, mixed metal-oxide
catalysts. However, such ratios for catalyst made by im-
pregnation of precalcined aluminas might be expected to yield
less satisfactory results, especially at high coverages.

Figure 4 shows as well that for the Ni(Co)Mo series the
external surface ESCA and macroscopic chemical values are
very similar—even for Ni which is present in small amounts
in these samples. However, the Mo ESCA values are sys-
tematically higher than the macroscopic chemical values by
about 0.15 at. %. At the same time Al and O are, respectively,
too high and too low compared to the chemical values. Since
the differences extend to zero nickel content they could not
be considered Ni induced. These trends are entirely consistent
with the behavior of the MoO;/Al,0; series of catalysts, Figure
3.

The important quantitative ESCA results to be drawn from
Figure 4 is that for constant MoOj; content one can analyze
for Ni, O, and Al with some confidence. Preparation of
suitable standards within a family of catalysts is thus feasible.

For sulfided Co-Mo-Al,0; catalysts, monolayer distri-
butions of MoS; similar to those of MoOj; are believed to
predominate (17). However, the monolayer domains are
expected to shrink upon reduction (16) from oxide to sulfide.
The effect of sulfiding on the external surface ESCA com-
position is shown in Figure 5 for the Ni/Mo series of test
catalysts. The differences between oxided and sulfided
catalysts were usually small for Al and O (3-4% abs.).
However, the sulfided catalysts usually had systematically
lower Al, Mo, and Ni values (up to 50%, relative, for Mo). At
the same time the determined oxygen content in the sulfided
catalysts was systematically higher than in the oxides!

These systematic shifts can be explained on the basis of
relative atomic populations in transforming from MoO;/Al,04
to MoS,/Al,0; to xMoS,/yMoS0,/Al,0; during sulfiding and
partial re-oxidation.

Quantitative ESCA and average macroscopic chemical
analysis results for the series of five commercial catalysts are
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given in Table III. Some of these catalysts were observed
in the ground/reformed, pellet interior, or “bulk”, form. With
the exception of catalyst 317, the (i) chemical, (ii) external
pellet surface ESCA, and (iii) interior pellet “bulk™ ESCA
results are in reasonable agreement. Thus, for catalyst 316,
the ESCA “bulk” and external surface ESCA results are within
0.3% of each other. However, the ESCA results are not in
as good agreement with the macroscopic chemical values as
they were for the previous two series of test catalysts. For
example, the indicated ESCA Mo contents average about 25%
higher than the chemical value. At the same time one sees
that the indicated ESCA Co(Ni) contents average 33% higher
and the Al contents average 13% lower than the bulk chemical
analyses, Table IIl. This type of discrepancy between
quantitative ESCA analyses and chemical composition has
been observed before (13-15). These differences in the
commercial catalysts may well be caused by real differences
between the average chemical composition and the surface
structure.

However, one should also examine them on the basis of
inhomogeneities in surface atom distribution, aggregation of
metal atoms, and growth of particle size as a function of
sintering. Each of these situations leads to a preferential
escape of near surface photoelectrons over the attenuation of
sub-surface photoelectrons. As well, in cases where catalysts
were reduced to yield segregated metal particles, the ratios
of photoelectron mean-free-paths to particle sizes determines
the degree of overall and self-attenuation by the atoms (13-15).

The ESCA results given in Table III are more consistent
with such inhomogeneities, i.e., aggregation of Mo and Co(Ni)
oxide particles distinct from the Al,O; support. (There is no
ESCA peak consistent with the formation of molybdenum
metal.) In such a case, one would expect high Mo and Co(Ni)
ESCA values with lowered, attenuated Al content apparent.
An extreme example of this effect was detected for commercial
catalyst 317, Table III. The ESCA analyses of the exterior
pellet surface gave Mo contents (12.67%) about 5 times that
of both the pellet interior “bulk” ESCA results (2.72%) as
well as the average macroscopic chemical analysis (2.51%).
These results were verified several times on several portions
of MB 317.

To determine if Ni in catalyst 317 (as contrasted to Co in
all other samples in the 314-318 series) was related to the
excessive exterior surface Mo concentration, we scanned two
other catalysts, MB 132 and 143. The former contained 1 at.
% Co, and the latter contained 1 at. % Ni. The ESCA ex-
ternal pellet surface Mo concentrations (1.3 at. %) were very
similar in both samples, and in good agreement with the
chemical compositions.

The successful analyses of the six MoO3/Al,0; and six
NiO/Mo0;/Al,O; test catalysts, compared to the less sat-
isfactory analyses of the five commercial catalysts, can be
attributed to the two different methods of preparation. Our
test catalysts were prepared by dispersion of the catalyst and
promoter precursors in AIOOH gels followed by dehydration,
decomposition, and calcining to 500 °C. On the other hand
the five commercial catalysts (Ketjencats, Akzo Chimie) give
ESCA results entirely consistent with the impregnation
preparation described by Moné and Moscow (28, 29) of Akzo
Chimie. They describe catalysts similar to 314318 that have
very similar bulk chemical compositions. The commercial
extrudates of y-alumina were doubly impregnated with, first,
ammonium molybdate and, second, cobalt or nickel nitrate
solutions. In those cases, diffusion of Co(Ni) into the bulk
is known to be very dependent on calcining temperature (29).

Based on the ESCA results, and corroborated by the X-ray
diffraction results described above, the two series of
Mo0,/Al,0; and Co/Mo/ Al O, test catalysts analyzed in this
work are apparently relatively (ESCA) homogeneous.
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Determination of Elemental Concentration Maps from Digital

Secondary lon Images

Wolfgang Stelger and Friedrich G. Rudenauer*
SGAE, Lenaugasse 10, A-1082 Vienna, Austria

Contrast In secondary ion micrographs from topographically
structured surfaces may Include artifacts, l.e., intensity var-

lations not rel top lations of local el |
concentration. Removal of artifact contrast Is attempted by
pplying a ical ction routine in each plchn olemom

of the digitized lon micrograph. Thus, el

maps may be obtained from ion micrographs of all elements
present In the sample. In addition the microdistribution of
concentration for at least one Internal standard element has
to be known. At present, image correction can be p d
at a rate of approximately 0.2 s/pixel on a PDP 11 mini-
computer.

Space resolved secondary ion mass spectrometry is a
powerful technique for the compositional analysis of solids
on a microscale. Instrumentation developed for this purpose,
e.g., the scanning ion microprobe (1) and the ion microscope
(2, 3) offer lateral resolution in the micron and submicron
range and depth resolution of the order of 100 A for the mass
resolved secondary ion signal. It must however be realized
that extreme care has to be taken when interpreting the
secondary ion micrograph of a particular element as being
representative for the quantitative distribution of that element
across the sample surface (4-9). It has been demonstrated
that “artifact contrast” in secondary ion micrographs, i.e.,
contrast not related to local variations of elemental con-
centrations can be created owing to phenomena inherent to
the physical pr: involved in y ion emission and
detection. The most important of these contrast effects have

been identified in previous papers (6, 9). On flat surfaces,
artifacts may be produced by:

(a) Matrix contrast, i.e., local variations in absolute and
relative ion yield due to local variations in matrix composition
or locally variable presence of adsorbed reactive gas species
(e.g., oxygen).

(b) Crystallographic contrast, i.e., variations in ion yield due
to locally variable orientation of microcrystallites with respect
to the sample surface (10, 11).

On rough surfaces additional artifacts may be introduced
by:

(c) Topographic contrast, i.e., local variations in secondary
ion collection efficiency due to topographic microstructure (6,

(d) Chromatic contrast, i.e., element-dependent ion col-
lection efficiency due to element-dependent ion emission
energies (6, 8).

In addition to the sample-related effects (a-d) the ion
detector itself may cause distortions of the contrast in sec-
ondary ion images. Detector-related discrimination appears
to be particularly important in instruments of the ion mi-
cmscope type. Fassett et al. (5) have taken into acco\mt

detector resp and detect ity
due to the blackening of photographic film, when the ion
micrograph is recorded by direct film exposure in the converter
section of the ion microscope and digitized in a scanning
microdensitometer.

Further attempts to remove artifact contrast from secondary
ion micrographs include the application of a relative sensitivity
factor correction (7), simplified 2-parameter LTE correction
of every pixel of the digitized elemental ion images (8) and

0003-2700/79/0351-2107$01.00/0 © 1979 American Chemical Society
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Figure 1. Quantitative image conection, using LTE algorithm (schematic)

fast analog referencing of the mass-selected to the total
emitted ion current (total current monitoring (4)). With
exception of the LTE approach, these procedures can only
correct for a proportional variation of the signal level in all
elemental images and therefore should be mainly useful for
removal of topographic contrast. The 2-parameter LTE
approach described in (6, 9) generally provides for nonlinear
local variations of relative secondary ion yields which have
to be expected when matrix and chromatic contrast are
present. It is, however, a computationally not very fast al-
gorithm. Owing to the great t of multidi ional data
representing corresponding digitized secondary ion micro-
graphs of a number of different elements, computational speed
is of utmost importance when one considers remeval of artifact
contrast by digital methods. We have therefore developed
a fast correction algorithm which is based on a 1-parameter
LTE procedure similar to that developed by Morgan and
Werner (12).

Quantitative Correction of Secondary Ion Micro-
graphs. Quantitative correction of a set of corresponding ion
micrographs is equivalent to performing a complete quan-
titative elemental point analysis in each pixel (= picture
element) of a digitized “scene” of a selected sample area. Here
the term “scene” is used to designate the set of locally reg-
istered ion micrographs of all elements present in a certain
sample area. Quantitative elemental point analysis by means
of simplified 2- or 1-parameter LTE (local thermal equilib-
rium) (12-14) requires monatomic elemental ion currents of
all elements present in the analytical sample point as well as
absolute atomic concentration values for one or more internal
standard elements as input data. Extending this to LTE
analysis of a 2-dimensional sample area, the following input
data are needed (see Figure 1):

(a) Registered ion micrographs of all elements present in
the imaged sample area (“input scene”). These should be
already available in digitized form, i.e., a digitized ion current
(ion count) value per element in each of the N(x)-N(y) pixels
and should be corrected for detector distortion;

(b) Absolute concentration values for one or more internal
standard elements in each pixel; these values may be thought
of being arranged in 2-dimensional “internal standard maps”.
These maps should already be registered with respect to the
ion micrographs.

Now, in each of the N(x)-N(y) pixels corresponding ion
currents and concentration values from the set of input
micrographs and internal standard maps are sent through a
LTE correction routine, yielding absolute concentration values
for all elements for which ion micrographs are available. Thus,

computed elemental “concentration maps” are obtained
showing the “true” 2-dimensional distribution of elements
across the imaged sample area.

Two problem areas, however, warrant further discussion:
the question of how to obtain internal standards and the
capability of LTE to compensate for the local contrast effects
described in the previous section. Obviously correction of
secondary ion micrographs generally requires “local standards”
on a microscale as compared to the “global standards™ used
in conventional LTE analysis of flat, compositionally ho-
mogeneous samples. There, internal standard concentrations
may be derived from a bulk analysis of the sample by other
standardized analytical techniques. Such an approach may
be taken in image correction only if it can be assumed that
the element selected as global internal standard is homo-
geneously distributed within the imaged sample area so that
contrast in the ion micrograph of that standard element is
“artifact contrast” in the sense discussed above. In all the
other cases, local standards have to be defined in each pixel.
New techniques obviously have to be envisaged for this
purpose, e.g., application of multiple space resolved analytical
techniques on the same sample (electron microprobe, Auger
microprobe, etc.).

A more basic question, however, is the applicability of LTE
to quantitative correction of secondary ion micrographs of
topographically structured surfaces. At present it is ac-
knowledged that LTE gives useful semiquantitative analytical
results on flat samples although there is considerable dis-
agreement concerning the existence of a plasma in local
thermal equilibrium (LTE) at the ion-bombarded sample
surface (12-15).

In this paper the acronym “LTE” simply is used to desig-
nate a mathematical correction algorithm (which incidentally
can be derived from hypothetical equilibrium assumptions).
Considering specifically 2-parameter LTE (where two fitting
parameters T and n, are used), it has been shown that An-
dersen’s original computer code CARISMA (15) can be consid-
erably simplified (13) without noticeably affecting analytical
accuracy (16). The 1-parameter LTE approach recently de-
veloped by Morgan and Werner (12) (using only one fitting
parameter T) has also been shown to yield satisfactory ana-
lytical accuracy although considerably less experimental data
are available. Accepting the viability of 2- or 1-parameter LTE
for analysis of flat surfaces immediately leads to the conse-
quence that these models should also be capable of correcting
for topographic and matrix contrast on rough surfaces. Pure
topographic contrast is a geometrical effect and leads to pro-
portional variations of secondary ion signals for all detected
elements. Since ion current ratios only enter into LTE, a
common factor of proportionality does not influence analytical
results. Matrix contrast elimination of course is also an in-
herent feature of LTE, due to the freedom in fitting the model
parameters T, n,, or T alone to known (local) internal standard
concentrations. Chromatic contrast compensation is not im-
mediately obvious. It has been pointed out in (6) and (9) that
the electrostatic microfields in front of local surface structures
affect an energy preselection of secondary ions before they
enter the mass analyzer. It has been demonstrated for 1-pa-
rameter LTE that very similar analytical results can be ob-
tained irrespective of the energy bandpass setting of the mass
analyzer (12). However, consistently higher values for the
fitting parameter T (“temperature”) were obtained for higher
transmitted initial ion energies. No satisfactory theoretical
explanation can yet be offered for this finding. Accepting
however the experunentslly verified phenomenon, it appears
very likely that ch tic contrast conp ion d be
within the capabilities of 1-parameter LTE since it should not
matter whether ion energy selection is performed by surface
microstructure or the ESA setting.




Very little is known about the physics of crystallographic
contrast, particularly as far as variations of relative secondary
ion intensities with crystal orientation are concerned; con-
sequently, no conclusions may be drawn with respect to
contrast compensation by LTE correction.

EXPERIMENTAL

We have applied the 1-parameter LTE image correction method
to ion micrographs obtained from a fracture surface of a 5-
component glass sample. Such a surface is topographically
strongly structured and exhibits ridges and crevices of up to 20-um
height. Consequently, artifact contrast may be expected. Positive
ion micrographs of the main isotopes of the constituent elements
were taken on a UHV Scanning Ion Microprobe described
elsewhere (17) in a frame-interlaced rather than in an ele-
ment-interlaced mode (i.e., a complete frame for one element was
recorded, after which the spectrometer was set to the next element
and the next frame was recorded). Detector ion currents were
digitized in a 23 X 23 square raster and stored on magnetic disk.
The scanned target area was 1 X 1 mm?, spot resolution was of
the order of 10 um and resolution in the digitized image 40 yum
(due to the large sampling interval).

Since in this particular sample no isotopic or molecular overlap
was detected for the main isotopes, these five isotopic ion mi-
crographs were sufficient to define the input scene in the sense
of Figure 1. The evaluation of this particular scene using a
2-parameter LTE correction routine has been described previously
(9). This computer routine had a running time of about 10 s/pixel
so that a full scene correction needed almost 2 h of computer time
on a PDP 11/34 minicomputer. In this paper we want to report
on the results of a fast 1-parameter LTE routine allowing cor-
rection of the same scene in less than 2 min.

Basically, Morgan and Werner's approach, described in detail
in (12), was taken with two modifications which are essential to
increase computation speed and avoid divergences of the algorithm
in single image points. Their approach consists of an iterative
fit of the parameter T to the mass spectral input data and the
internal standard concentration(s) until successive 7' steps differ
in amounts less than an arbitrary value (1%). We are using a
starting “temperature” for the iteration which is identical to the
optimum fit ure of the neighboring pixel, thus con-

g the ber of iterations needed. The overall
fit of all elements contained in a sample to the exponential
“Saha-Eggert line” (12) is influenced very little by a large misfit
of a single trace element (such as As). Therefore, the convergence
condition of a constant T fraction is changed to a more stringent
constant T difference (AT = 30 K) since a detailed analysis of
the convergence behavior of the algorithm has shown that the
fit of a trace element to the Saha-Eggert line is considerably
improved when the convergence value of T'is approached as closely
as possible.

This modified algorithm now is sequentially applied to each
pixel of the input scene in a row oriented sequence. The resulting
concentration maps (see Figure 1) are stored on magnetic disk.
In addition, distribution maps for the parameter T and the error
of fit (of calculated concentration values to observed ion currents)
are included in the output file. In the calculations described here,
oxygen was used as a “global” internal standard with the bulk
value for the oxygen concentranun From other information

good el al h ity of the bulk sample may
be expected (18). In addition elemental mhomogeneltles which
might be present near the surface or near inner voids (bubbles)
should be much less pronounced for the matrix oxygen than for
the oxide cations.

The computer program package was developed to perform
image correction, lmage handling, and display functions. The
programs are written in FORTRAN IV and have the following
capabilities:

(1) The input scene may consist of an arbitrary number of lines
and number of columns; nonsquare images may also be accepted.

(2) The input scene may contain up to 10 elemental micro-
graphs, up to 4 molecular ion maps (not used in the image
correction routine), and up to 3 internal standard maps. In
addition, up to 10 global standards may be specified
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Table I. Computation Times for Various LTE Image
Correction Procedures, Implemented on a PDP
11 Minicomputer

time/image,
algorithm/configuration  time/pixel 64 x 64
CARISMA (20) 20s 23 h
simplified 2-parameter 10s 11h
LTE (14)
fast 1-parameter LTE/ 0.15s 10 min
no floating point pro-
cessor (this work)
fast 1-parameter LTE/ 0.03 s® 2 min®
float. point proec.
fast 1-parameter LTE/ 2 ms? 8s?

array processor

@ Estimated values

(3) Quantitative correction may be performed on the full input
scene or on an arbitrary subscene (defined by first and last pixel
and pixel jump for both axes).

(4) Elements, for which a corrected concentration map is stored,
may be individually specified; this feature serves to conserve
storage space.

(5) A factor repri ing the spatial di ions of the d
sample area (in um) may be specified; this “scale factor” is
automatically adapted when a subimage is corrected or displayed.

(6) For display purposes, low resolution single images or full
scenes may be 2-dimensionally interpolated to a finer image raster.

(7) Square images may be interpolated from a small number
of horizontal high resolution linescans which are taken at
equidistant vertical line spacings and cover a square image field.

(8) Display of ion micrographs, concentration maps, and
standard maps i is possnble using lines of equal concentration (or
equal i ity) or y-modulated display on the screen of
a storage oscilloscope (in the latter case point density modulation
techniques are used).

(9) In the intensity modulation mode, contrast stretch or
contrast modification may be performed
(10) Zooming or subi display is p

(11) Full screen or split screen (quadnmt) dlsplny of multiple
images may be selected;

The programs are implemented on a PDP 11/34 minicomputer
with 48-k words of core memory and two 1,2-Mword magnetic
disks, operating under RSX 11-M control. No hardware floating
point processor is installed. A Tektronix 613 storage scope, driven
by a DEC LPS11 interface, is used as an image display.

RESULTS AND DISCUSSION

The results of the image correction procedures described
above are shown in Figures 2 and 3. In Figure 2, a—c, un-
corrected ion micrographs are shown in the top rows, the
corresponding LTE-corrected elemental concentration maps
in the bottom rows of intensity modulated split-screen storage
scope displays. Also shown in Figure 2c are the distribution
of the fitting parameter (7T) and the error of fit (ERRFAC)
across the analyzed sample area. In these figures, the input
scene of 23 X 23 pixels has been interpolated to size 64 X 64
for better display appearance before being LTE-corrected.
The images are displayed using brightness levels equally
spaced between zero and maximum image intensity. Figure
2d illustrates some of the image handling features which can
be easily software-implemented when a digitally stored image
is available. All four subimages show a zoomed subsection
of the corrected concentration map of silicon; different contrast
functions are used in the first three subimages (clockwise from
lower left), isoconcentration lines are shown in the fourth
subimage. Note that the length scale displayed has been
adjusted to give the correct spatial dimensions of the zoomed
image section. The zooming and contrast modification feature
of course can also be impl ted in the iso-i ity line
display mode as shown in Figure 3, a and b.

AR
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d
Figure 2. lon micrographs anc LTE-corected concentration maps from a glass fracture surface; if not stated otherwise, linear equidistant intensity
levels between 0 and maximum ion count I,,, and maximum concentration Cp,,. respectively. (@) O . .. I, = 1988 PIXCT, c,,, = 58.34

ATPCT; Na . .. I, = 6659 PIXCT, Cpr,, = 39.86 ATPCT. (b) Si... I, = 32793 PIXCT, Cp, = 12.33 ATPCT; Ca . . . I, = 4964 PIXCT,
Cmax = 10.55 ATPCT. (c) As . .. [, = 2626 PIXCT, Cp,, = 4.61 ATPCT; T. .. linear equidistant levels, 11000-14272 K, ERRFAC . . . linear
equidistant levels between 1.000-1.003. (d) Zoomed image, concentration map of Si; equidistant levels 1.08-12.33 ATPCT (upper left); logarithmic
equidistant levels (upper right); high range expanded 2.0, 7.0, 11.0, 12.0, 13.0 ATPCT (lower left); logarithmic equidistant isoconcentration lines

as in upper right (lower right)

The analytical accuracy of the corrected elemental maps
displayed in Figures 2 and 3 primarily of course depends on
the correctness of the assumption of a homogeneous oxygen
concentration. As has been stated in the previous section this
assumption appears to be reasonably justified. Furthermore,
average concentration values as determined from the LTE-
corrected concentration maps are in good agreement with bulk
analyses of the same glass sample (18); the range of con-
centrations in the corrected map for As agrees within a factor
of about 1.5 with maximum and minimum As concentrations

obtained in selective analyses of As-enriched and undisturbed
bulk zones respectively (19); and the contrast range in the
concentration maps shown in Figure 2 is generally decreased
compared to the corresponding ion micrographs. Such a
behavior may be expected when artifact contrast is dominating
in the ion micrographs. The use of the 1-parameter LTE
approach does not appear to introduce additional analytical
error when compared to the more frequently used 2-parameter
approach. This is demonstrated in Figure 4 where for a single
line of the Ca* image the corrected concentration data are



Figure 3. Iso-concentration line display of LTE-corrected As map; (a) full scene, i linear

concentration levels

i* (Ca)/10* Carbun.d

c(Ca) Cat® 1

Figure 4. Line scan data for calcium, corrected by different LTE
algorithms; (——) uncorrected data for “Ca*; (@) 1-parameter, internal
standard O; (O) 1-parameter, internal standards O, Ca; (A) 2-pa-
rameter, internal standards O, Ca

shown for two different versions of the 1-parameter and the
simplified 2-parameter approach (14). It can be seen that
relative contrast for the two correction methods is very similar
but that the average computed concentration levels differ by
about 40%. This however is the same order as the generally
accepted accuracy level of the LTE algorithm (12-14, 16).

Because of the inherent properties of the LTE algorithm,
the relative correction factors which have to be applied to the
elemental ion currents to obtain absolute concentration figures
depend exponentially on the fit parameter T. The observed
variation of 7" across the scanned area (Figure 2c) shows that
in this sample the correction factors exhibit strong local
variations. Therefore, neither the total ion current ratioing
method (4) nor the relative sensitivity factor method (with
RSFs constant across the sample (7)) would yield correct
results on this particular sample, because none of these
methods provides for locally varying correction factors. Since,
from the contrast effects previously described, only topo-
graphic contrast can be eliminated by normalization to the
total secondary ion current, the observed local variation in
T also shows that the contrast in the ion micrographs of Figure
2 cannot be caused by topography alone.

Compared to the original CARISMA version of LTE, the
computation time has been considerably reduced in our
version of the model (see Table I). It can be seen that an
order of magnitude saving in computation time may be ex-
pected when using state of the art commercially available array
Processors.
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b
ation levels, (b) subscene, expanded

CONCLUSION

Quantitative correction of secondary ion micrographs from
a topographically structured fracture surface of a glass sample
has been attempted, using a fast 1-parameter LTE routine.
Strong indications are offered for the capability of this method
to remove artifact contrast from uncorrected ion images.
Much work however still needs to be done in the definition
and evaluation of local internal standards and in a basic
investigation of contrast mechanisms in secondary ion mi-
crographs before quantitative image correction can be thought
of as a standard analytical technique. When these problems
can be satisfactorily solved, state of the art computer hardware
would allow one to obtain corrected elemental concentration
maps quasi on-line to ion microprobe analysis of a solid
sample.
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Processing Elemental Microanalytical Data
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A method of simultaneous CHNS microdetermination, based
on combustion and gas chromatography, Is used with an aim
at establishing the mutual atomic ratio of the four elements
without having to welgh the samples. Thus firstly the re-
producibliiity of the four Integrated TC signals in the sample
welght range of 0.2-1.5 mg is checked by paring Integral
binary ratios; then the relationship between integral binary
ratios and atomic binary ratlos Is experimentally determined
and found linear. After having worked out the three relevant
linear equations, since they are permanently valid for the same
analytical method and the same type of analyzer, they can
be Introduced into the CPU memory of a data processing unit,
which processes the data from the unweighed analyzed
ples and ! the ding CHNS ratios with
no need for references substances. Moreover, when the
sample welght Is known, the data processing unit is able to
carry out the probabilistic lysls of the percentage re-
, providing inf tion on the ts of the
molecule other than CHNS.

Over the past few years some papers (I-4) have appeared
concerning the possibility of elemental analysis of organic
substances without weighing the sample, obtaining the
analytical results in the form of atomic ratios. Clearly, the
more elemental indications that are obtained from the same
sample during one analytical process, the more valid this
approach will be. Since a multielement determination method
which simultaneously determines C-H-N-S has been set up
recently by us (5), we tried to develop a new calculation
method to relate digital data obtained from integration of
thermal-conductimetric signals with the elemental composition
of the sample, without knowing the amount of substance
analyzed.

Moreover, when the sample weight was known, we tried to
obtain analytical indications not only on the elements analyzed
directly but also on unknown constituents which make up the
rest of the molecule.

The analyzer was coupled to a data processing unit which
integrated and processed the data, made the necessary cal-
culations, and printed out the results as atomic ratios, or as
percentages of the analyzed elements, with the percentage
remainder expressed as atomic mass units.

Principle of the Method for Calculating Atomic
Ratios. In usual microanalytical practice, it is customary to
express the concentrations of several elements as percentage
values, but this means the weight of the sample must always
be known in advance.

For relative analysis methods such as combustion-GC,
besides the weight of the sample, one must also know a
calibration factor, obtained by combusting a known amount
of reference compound. Mathematical calculation of the
percentages is then done using Equation 1 to determine the
calibration factor K, then Equation 2:

Po X rotWeer

- Irel (1)
o« LK

%X = W, (2)

where X is the element determined, W its weight and I the
peak area integral of the relevant combustion gas.

From the percentage values, one can then mathematically
work out the ratio of the atoms detected, and—provided all
the elements of the molecule have been detected—the em-
pirical formula.

On the basis of this method of calculating atomic ratios,
Haberli (2) set up a mathematical procedure to obtain the
atomic ratio of the elements detected without needing to know
the weight of the sample. His method requires only the
integration values of the CO,, Nj, and H,0 peaks produced
by combusting unknown amounts of the sample and reference
substance. Haberli’s method has been applied by others (3,
4) and also modified (3).

We maintain, however, that a method aimed at obtaining
atomic ratios without weighing the sample must rely simply
on the assumption that for an unknown compound the ratio
between its atoms can be established directly on the basis of
the resulting combustion gases, and therefore from mea-
surements of their thermoconductivity in a helium stream.
Obviously there must be a linear relation between TC
measurements and combustion gases, which was already
demonstrated by us (5, 6). In the GC-combustion method
described (5), therefore, for an unknown, unweighed sample,
four integration values are obtained for Ny, CO,, H;0, and
S0,. Singly these values mean nothing, but taken as binary
ratios they can provide a decipherable analytical response.

We considered only the following three of the various binary
integral ratios: Ico,/In, Ico,/In,0, and Ico,/Iso,

Integration values are taken in relation to o, since carbon
is always present and is usually detectable with the greatest
accuracy.

The constancy of the binary ratios for a given sample in
the method described has been checked by analyses with
variable amounts of a reference sample containing CHNS
(Table I).

The binary integral ratios remained constant despite weight
differences. Prerequisites for obtaining good values are an
accurate blank determination and high purity of the tin
containers and the analytical reagents. The upper limit of
weighing can be reasonably established at 1.5 mg whereas some
variations can be seen for weighings smaller than 0.2 mg.

The binary integral ratios clearly start to change whenever
the elemental composition differs. Nevertheless the integral
ratios can be seen to be linearly related to the corresponding
atomic ratios when the former are plotted against the latter
in a diagram. Such a graph can be drawn exactly only after
several analytical measurements have been made with test
substances showing different but known elemental compo-
sition, aimed at establishing the greatest possible number of

0003-2700/79/0351-2112$01.00/0 © 1979 American Chemical Society



Table I. Binary Integral Ratios for Cystine

weight, Ico, /N, Ico,/n,0 Ico JMso,
mg rauo mno ratio
0.1230 7.11 1.96 2.74
0.1695 7.12 1.92 2.66
0.1750 7.20 1.89 2.67
0.2920 7.28 1.88 2.61
0.3024 7.21 1.84 2.60
0.4981 7.17 1.90 2.55
0.5807 7.23 1.85 2.63
0.6091 7.25 1.85 2.57
0.7274 7.21 1.87 2.56
0.7966 7.24 1.84 2.57
0.8546 7.15 1.84 2.57
0.9018 7.21 1.86 2.56
1.0005 7.18 1.83 2.54
1.0721 7.19 1.84 2.56
1.1468 (k) 1.87 2.53
1.2603 7.24 1.84 2.54
1.4152 7.16 1.80 2.56
1.6112 7.10 1.78 2.53

Table II. Establishment of the Linear Relationship C/N
against ICO:”N‘

atomic integral
reference substance ratio ratio® slope
urea 0.5 1.197 0.418
adenine 1 2.400 0.417
picric acid 2 4.850 0.412
2-thiouracile 2 4.820 0.415
cystine 3 7.190 0.417
nicotinamide 3 7.214 0.416
sulfapyridine 11/3 8.810 0.416
S-benzylthiouronium 4 9.612 0.416
chloride
diphenylguanidine 13/3 10.45 0.415
sulfanilic acid 6 14.50 0.414
acetanilide 8 19.28 0.415
C,H,,N,O, 10 24.15 0.414
benzanilide 13 31.44 0.414
atropine 1% 40.82 0.416

@ Average values.

points where the coordinates meet. The line drawn appears
to fulfil a straight-line relationship whose equation is obtained
by the least squares method.

An example of the study of the linear function for atomic
ratios C/N against binary ratios I¢o,/Iy, is shown in Table
1L

The line obtained is straight and the linear relationship is
represented by the following equation:

y = —0.0006 + 0.415x &)

This procedure was applied in other cases too. The atomic
ratio C/S being known, we experimentally worked out the
Ico,/Iso, ratios. Again, a straight line was obtained, passing
next to the zero point, and giving the following equation:

’=0.0005 + 1.13 x’ 4)

The equation for C/H ratios against Ico,/I11,0 Was similarly
established, taking care of reducing to a minimum the blank
of water when the greatest Ico,/Iy,0 values are worked out.
The corresponding equation is:

y” = 0.0095 + 0.2608x” (5)

We could also supply the values for the other linear
functions referring to the N/H and N/S ratios, but we
consider these equations of no use for our calculation method.

When Equations 3, 4, and 5 are known, any unknown
substance can be analyzed using the GC-combustion method
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described, without the sampl ding to be weighed. Four
integration values will be obtained, g'xvmg three mtegrnl ratios
from which three binary atomic ratios can be obtained, and
hence the partial empirical formula. The C/H ratio is the
most difficult to establish, since C/H can have many slightly
differing values; however the y” value from Equation 5 is
reliable and can be used by itself.

An ple of ic ratio cal

weighing is as follows:

lation without 1

In, = 29563
Integration values after blank Ico, = 211968
subtraction from Iy, and In,0: Iu,0 = 113960

Iso, = 82476
Integral bin ati Ico I 211968
ary ratios: = =
& & C0I"N: " 59563
i 7 211968 _
co./li,0 = 173960
Fisey s = 211968 _
€0:7750: ™ "gaa76
deduced
atomic
ratios:
From Equation 3: y = 0.415 X C,N,
7.17=2.98
From Equation 4: y'=1.13 X C,S,
2.57 =290
From Equation 5: y" =0.01 + 0.261 X C,H,,
1.86 = 0.496

Partial empirical formula: (C,H,N S),

The straight-line relationships achieved by us with one
instrument are clearly obtainable with all instruments based
on TC measurements and a similarly efficient combustion
principle. What is more, the relationships remain constant
regardless of the type of sample analyzed and of differences
in analysis conditions (reactor and GC-oven temperature,
carrier gas flow rate). They are affected only by incomplete
combustion and adsorption phenomena.

The amount of calculation required starting from the four
original integration values in order to determine the partial
empirical formula calls for time and effort if done manually.
If possible, it should be done by a data processing unit which
can integrate peak areas, acquire, compare, and process data,
and display the final value. The method of coupling the
analytical instrument to a data processing unit is described
below.

EXPERIMENTAL
Figure 1 shows the of the el ] anal; pled
to a data pr ing unit. This ling, working now as a

prototype, will be commercially produced in the near future. The
samples, in tin capsules, are loaded into a multiplace sample
holder, then dropped sequentially into the reactor at 1050 °C to
coincide with oxygen enrichment of the helium carrier gas. A
combustion mixture forms which, after going through suitable
oxldauve and reductlve caulytlc layers. enters the GC column.
d, eluted in the sequence
N,—CO, H,0-S0,, “and measured by the TC detector.

The electrical signals arrive at the control unit which in turn
feeds a potentiometric recorder and the data processing unit. The
control unit sets and monitors the analytical program; the recorder
gives a chromatogram for visual check of the combustion process,
as shown in Figure 2.

The data processing unit comprises an analog/digital converter,
an I/0 interface, three units, ROM, CPU, and RAM, and the
calculation unit. At the outlet there is a keyboard and a display
panel for exhibiting and printing the data.

The data processing unit can be fed either by the TC signals
from the detector or the signals referring to sample weight coming
from bal through the relevant interface.
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CYSTINE
mg 1.0539

|l
Figure 2. Analysis chromatograms

The data processing unit's first step is to integrate the signals
for the peaks for the four gases on the basis of certain parameters
such as blank level, retention time window, and slope sensitivity.

A blank can, if necessary, be determined auwmucal.ly.

btracting it from the i | value obtained for each
gas eluted.

CYSTINE
=g 0.6283

B

When the data processing unit has integrated the above signals,
it starts mathematical treatment of the data, calculating the binary
ratios for the integration values to determine the atomic ratios
when the sample has not been weighed, or calculating—by means
of the calibration factor—the elemental percenuges and then,

llowing a preset prog the p The
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Table IIL. Probabilistic D ion of % R ind

% remainder  infer- % remainder infer-

in amu ences in amu ences
16 o 66.42 PCl
19 F 67 O,F
23 Na 67.45 0.Cl
30.97 P 70 F,0,
32 o, 70.90 Cl,
35 OF 71 O,Na
35.45 Cl 76 .
38 F, 77.94 P,0
39 ONa 78 O,Na,
46.97 PO 78.97 PO,
48 0, 79.91 Br
51 O,F 83 O,F
51.45 ocCli 83.45 0,Cl
54 OF, 86 O,F,
54.45 CIF 86.91 ocl,
55 O,Na 87 O,Na
57 S 89.90 FCl,
58.45 NaCl 93.90 Cl Na
62.97 . 93.94 P,0,
64 o, 94.97 PO,

straight-line relationship between atomic ratios and binary integral
ratios, established experimentally as described before, is intro-
duced into the CPU memory, which thereafter processes the data
each time, calculating the atomic ratio desired on the basis of the
specific linear function.

To determine atomic ratios, the of sub led
should not exceed the oxidation capacity of the system; on 1 the
other hand, it must not be so small (sample weight not <0.2 mg)
that analysis is affected by adsorption phenomena.

The application of this GC calibration response method is easily
checked by carrying out analysis without weighing the sample,
using reference test substances whose empirical formula is known.

Probabilistic Analysis of the Percentage Remainder. The
multielement determination method described gives atomic ratios
without sample weighing, or percentage values for four con-
stituents of the molecule when the sample is welghed but it cannot
give information on the other el tsina p
sition. A simple mathemauml procedure, however, can be carried
out by the data p unit led to the analyzer, to provide
general indications on the part of the molecule that has not been
directly analyzed.

Naturally, in this case it is necessary to know the sample weight
in order to express the percentage remainder (%R) in atomic mass
units.

The p d ists of calculating the p of the
four elements, from which it is easy to work out the %R, which
is 100 - Z%cuns. Then the partial empirical formula is cal-
culated, from ﬁ:ch it is possible to add the atomic weights (AW)
for the four elements in the molecule, that is ZAWcyns.

At this point, the following simple equation can be solved:

%R:100 = x:(EAWcpuns + %)

as follows:
%R:(100 - %R) = x:ZAWcuns

and x can be obtained.

This mathematical development is followed by the data
processing unit and the remainder, which is MW - ZAWcyns,
is given in atomic mass units.

This figure has then to be mterprev,ed in terms of elemental
eomposluon using Table 111 which shows the simple, most frequent

of 1 other than C, H, N, and S. For
simplicity's sake, only binary, not multiple, couplings of common
elements are considered here.

The smaller the value of x but not <8, the more reliable is the
information obtained from this method, which is valid only for
pure substances. ngh x values are difficult to interpret and often
indicate an inorganic residue in the sample. In any event, the
analyst must critically assess the indications obtained from

Table IV. E: les of Atomic Ratio Calculati

area
integrals,
Ico,
In,0, found
In, atomic
sample name  Iso, ratio

469059 C,H,N,S,
166591

65324

87051

272740 C,H,N,S,
71892

56736

77674

258153 C,H,N,S,
203640

106563

289122

921634 C,H,,N,S, C,H,N,S0,Cl,
290745

42603

58882

73145 C,H,N,S,
76902

60862

83672

512048 C,H,,N,S,
303933

42487

116208

605540 C,,H,,N,S, C,H,NSO,
175350

13290

363060

774860 C,H,.S,
153091

66

55713

455091 C,H,S,
119233

60

73856
1314370 C,H,N,S, C,,H,,NSO
546706

32085

87230

theoretical
empirical
formula

sulfanilamide C,H,N,SO,

thiobarbi-

C,H,N,SO,
turic acid

research

C.H,,N,S,CL,Ni
compound

research
compound

thiourea CH,N,S

methionine C,H,,NSO,

research
compound

research

CliHl !SOJ
compound

dibenzyldi-

CIOHXISI
sulfide

research
compound

probablllstlc analysis of the percentage remmnder
Al 3

le of per lations is as f

Probabilistic determination of %R in sulfanilic acid

Found % C = 41.58
Found % H= 4.05
Found % N= 8.10
Found % S = 18.45

% £ =17218

Percentage remainder: 100 — 72.18 = 27.82
27.82:100 = x:(EAWcuns + X)
27.82:(100 - 27.82) =
x:AWcHNS

Partial empirical formula, calculated according to the
usual method is C,H,NS, from which tAWcyns =
125.197.

Then, 27.82:(100 - 27.82) = x:125.197 and x = 48.2
MW - AWc 4y ns = 48 amu

RESULTS AND DISCUSSION
Table IV shows some les of ic ratio calculation
for reference test substances and unknown compounds. A
calculation program with the aim of obtaining only whole
numbers was used
Calculated atomic ratios appear to be affected neither by
instrumental parameters such as carrier flow rate, column
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temperature, and detector current nor by analytical variables
such as type of catalyst, composition, type, and weight of
samples.

Clearly an oxidative method has to be used in which the
original elements are quantitatively converted to their
combustion gases with physical and chemical adsorption
phenomena (the latter due to alkaline impurities in catalysts)
kept to a minimum.

When conversely we calculated the O/N ratio directly from
area measurements of CO and N, peaks by oxygen deter-
mination (7), the results were unsatisfactory in the case of high
O/N ratios because of partial nitrogen adsorption.

Precise integration of signals from the detector is another
prerequisite to keep the straight-line relationships between
atomic and binary integral ratios constant; slight variations
are noted in Equations 3, 4, and 5 when the integration system
is changed.

This method of operation and of presenting the data (patent
pending) offers undeniable ad ges over the traditional
procedure. Apart from the most obvious advantage of
eliminating the need for weighing, it also cancels out errors
deriving from weighing, especially in the case of liquids or
hygroscopic substances. The analytical response is valid even
in presence of inorganic residue in the sample, data handling
is entirely avoided, and finally by this procedure an elemental
analyzer can be calibrated once and for all, with no need to
use reference substances thereafter.

The GC response calibration method described does not
correspond to any of the three main methods used in gas

chromatography, i.e., normalization, internal standardization,
and external standardization, but can be considered an ab-
solute normalization method. It uses binary area ratios
without either internal or external standards; the measured
ratio of peak areas makes it possible then from a prees-
tablished calibration curve, to find the corresponding atomic
ratio and, thus, the partial empirical formula.

Incidentally, binary atomic ratios are often used in the
petrochemical and agricultural industries. Moreover, the
comparison between preestablished slopes (Equations 3, 4,
and 5) and slopes experimentally determined by means of
unweighed reference samples offers a criterion to check the
correct working of the analyzer.

When it is preferable to have the analytical response in
percentage values rather than the atomic ratio, the proba-
bilistic determination of the percentage remainder can supply
useful information on the remaining part of the molecule, not
directly analyzed.
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Sensitivities and Interferences in Activation Analysis of Thin
Samples by means of 25-MeV to 30-MeV Protons_
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Activation properties of Na, Mg, Cl, Ca, Ti, Cr, Mn, Fe, NI, Cu,
Zn, As, Br, Sr, Cd, Sn, Sb, and Pb through bombardment of
thin samples by 25-MeV to 30-MeV protons for routine analysis
are comldoud. In tho lnvo:ugallon of alrborne particulate
matter, interf titive reactions can be
solved. Under normal nonllmnnuvo Irradiation and coumlng
conditions, imits of detection are in the gram to o
levels according to the element considered.

Analysis of samples of very complex or poorly defined
matrix through destructive methods may be subject to errors
due to contamination and losses of volatile compounds and
trace elements by coprecipitation on insoluble residues or
container walls. Therefore nondestructive atomic or nuclear
methods have been successfully applied to the determination
of many elements in various matrices. Among atomic
methods, X-ray fluorescence is the most popular; quantitative
determinations require, however, cautious corrections for the
self-absorptions of X-rays. Among nuclear methods, in-

de Louvain 2, Chemin du Cyclotron, B-1348 Louvain-la-Neuve,

de Louvain, 2, chemin du Cyclotron, B-1348 Louvain-la-Neuve, Belgium

strumental neutron activation analysis (INAA) is the most
widely used because of the availability of nuclear reactors and
the wide range of elements investigated. However, INAA is
not capable of analysis for all elements; for those apparently
beyond the scope of INAA, alternative methods are needed.
Fast-neutron and photo activation provide alternatives;
however their sensitivities are generally less adequate and
experimental facilities are rare. Charged-particle activation
analysis has not been extensively used in the past, in part
because of the scarcity of sources of energetic particles. The
proliferation of more and more cyclotrons for medical pur-
poses, however, now makes readily available these new sources
for routine analysis by charged-particle activation.

In the past, charged-particle activation with protons,
deuterons, helium-3, and helium-4 have been used mostly for
the determination of light elements and trace impurities in
refractory metals (1-4). Most of these works were performed
with thick targets, requiring each sample to be irradiated
individually and being so far rather irradiation time-con-
suming. Instead, the method proposed here is aimed toward
routine analysis of thin samples. The incident particles
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selected for this purpose are protons, because of their high
penetrability; 50 MeV proton activation has already been used
for the determination of lead in aerosols (5).

Samples and standards are stacked together in a pile and
irradiated simultaneously. Corrections have to be made for
variations in activity induced in the samples with proton
energy. The scope of this work is to determine the ability of
proton activation as a multielement method for routine
analysis of thin samples. The composition of the matrix
determines and affects the identification and quantitative
analysis of the samples. Our main goal being toward the
characterization of the elemental composition of aerosols, we
developed this work considering a matrix of airborne par-
ticulates supported on a filter paper.

EXPERIMENTAL

Sample Preparation. Inhomogeneous and homogeneous
standards may be used. Inhomogeneous standards are made
through punctual spot impregnation of Whatman 41 cellulose filter
paper. Sartorius membrane filters (SM 11302), or Nuclepore
polycarbonate filters (No. 40 CPR02500) with a 1.0-3.0 uL
calibrated standard solution. Thicknesses of the filter support
are 4.0, 1.0, and 0.3 mg/cm?, respectively. Elemental content of
standards ranges from 10 ng to 10 pg according to the element
considered. Homogeneous standards are prepared by uniform
impregnation of the filter paper with standard solution. Filters
are, in the latter case, analytically determined by classical methods
for retention efficiency.

Irradiations. Irradiations are carried out with the external
beam of the isochronous cyclotron of Louvain-la-Neuve. Fifteen
to twenty thin samples are stacked in a pile and mounted in a
target holder, each sample being sandwiched between aluminum
foils of 15-um thickness. The target holder is fixed in a carrier
for pneumatic transfer into the irradiation position. The target
holder is water-cooled, and heat dissipation is aided by diffusion
of helium gas along the targets. The surface irradiated ranges
from a few mm? to a couple of cm?® with the aid of appropriate
collimating systems. The irradiations are performed with 30-MeV
incident protons and under beam intensities of 200-300 nA for
15 to 150 min. Integrated currents are measured in a Faraday
cup coupled to an integrator, and are typically in the range of
1 to 3 mC for elemental analysis.

Counting. Radionuclides are identified by vy spectrometry
using a Phillips APY40AIN Ge(Li) detector with a useful volume
of 80 cm?®, 16% relative efficiency, and a resolution of 2.09 keV
at 1333.0 keV. The detector signal is fed into a Northern Econ
II multichannel analyzer through a Canberra 2011 amplifier. The
samples are counted after at least 4 k cooling time to allow
sufficient decay of the short-lived 8* emitters induced in the filter
paper. Counting intervals range from 400 s for short-lived ra-
dionuclides to 4000 s for longer-lived ones. Aluminum foils are
removed before counting. Recoil of radionuclides from the sample
to the aluminum foils or from impurities of the aluminum foil
into the sample are not significant.

RESULTS

The present investigation was aimed toward the charac-
terization of airborne particulate matter. Therefore, only
selected elements, major constituents of aerosols, were taken
into consideration. Among these, Na, Mg, Cl, Ca, Ti, Cr, Mn,
Fe, Ni, Cu, Zn, As, Br, Sr, Cd, Sn, Sb, and Pb are elements
also having appropriate proton activation properties. Other
elements, e.g., Sc, V, and Se have also been considered, but
owing to their low abundance in aerosols or their poor ac-
tivation characteristics, such elements are not analytically
determined and are considered only on an interference basis.

Production Rates of Radionuclides. Pertinent infor-
mation on the production and properties of radionuclides
produced by irradiation of the selected elements with 30-MeV
protons are reported in Table I. Available compilations and
tables were used to select Q-values (6), excitation functions
(7), isotopic abundances in natural elements (8) and spec-
trometric data (9). Only analytically favorable and interfering
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reactions leading to adequate vy emitters are listed.

The analytical radionuclides together with their v peaks
and the measured activities for three decay intervals are
reported in Table II. These are expressed as counts under
the most appropriate y peak, lated in a 1000-s
interval, after irradiation of 1.0 g of natural element with
an integrated beam charge of 1.0 mC. Activities for a zero
decay time are calculated by extrapolation of the measured
area. The reproducibility of the measured activities is better
than 20% for different irradiations.

For light elements, proton activation leads to radionuclides
induced through (p,pn) reactions, e.g., Cl and Sc. For heavier
elements, (p,3n) reactions are more favored, e.g., As, Cd, Sn,
and Pb, whereas intermediate elements activate moet fa-
vorably through (p,2n) reactions, e.g., Fe, Cu, Zn, and Sr.

Activation Curves for the Production of Radionu-
clides. A second important factor we have to consider, for
routine analysis of a large number of samples, is the variation
of activity induced as a function of the energy of the incoming
proton. In order to make proton activation analysis as suitable
as, for example, neutron activation, one has to be able to
irradiate simultaneously a rather large number of samples and
standards; however, with the difference that going through
the pile of samples the energy of the proton varies and so does
the cross section. If in the literature excitation functions for
quite a variety of reactions occurring on various elements are
reported or can be evaluated by extrapolation, the present
study requires for the elements under investigation (a) that
we know the excitation functions of production of radionu-
clides, rather than for specific reactions, and (b) that we test
the linearity of the excitation function in the energy range
considered, such linearity allowing easy interpolation between
activities induced in the pile of samples.

Activation curves for the various elements under investi-
gation are presented in Figure 1. The activity induced in the
pile of samples is normalized to the activity in the first sample
(30 MeV). Losses of energy in each of the samples are typically
of the order of 0.1-0.3 MeV, which corresponds to a loss of
approximately 5 MeV in the total pile of samples. An energy
range of 25 to 30 MeV was investigated and compared with
additional data at 21 MeV. Neglecting the cross-section value
at 21 MeV, one could characterize the elements into two
different groups, one presenting a slight or zero slope in the
excitation function, e.g., Na, Cr, Mn, Mg, Ni, Cd, and Pb, and
the other with much larger variations, e.g., As and Br. Linear
and nonlinear fits of the data of the activation curves have
been performed, and using the proposed fit, the reproducibility
is better than £15%.

El t-to-El t Di i Interferences en-
countered in charged-particle activation analysis are of two
kinds: (a) one associated with different reactions occurring
on contiguous el ts and leading to the p ion of the
same radionuclide, and (b) the other associated with over-
lapping of peaks in the vy spectra. Both interferences are
independent on an evaluation basis; however, since they occur
simultaneously, it is more appropriate to examine them at the
same time. Of course, the possibility of these interferences
is strongly related to the ition of the matrix and the
sample support; in the present case, the samples are airborne
particulates collected on filter paper. The present discussion
is limited to elements where interferences can be apparent.

Sodium. Activity of ZNa due to the activation of Mg is not
appreciable as compared to activation of Na. Determination
of Na is unambiguous as long as the Mg concentrations are
of the same order of tude as Na

Chlorine. The only interference may arise from sulfur,
through the 3#S(p,n)*=Cl reaction. However, the data of Table
11 imply that sulfur concentrations a hundred-fold times the

rations.
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Table I. Dataon Production and Properties of Radionuclides Observed after 30-MeV Proton Irradiation of Standards

element isotopic
to be abundance, Q-value, E""’V
determined major reactions® % MeV  MeV
uNa - ®Na(p,pn)*Na 100 -12.4 28
Mg **Mg(p,2pn)*’Na 79.0 -24.1 47.5
- 3Mg(p,2p)**Na 100  -121 291
WS *S(p,n)*mCl 4.2 -6.3 144
wCl = *Cl(p,pn)*™Cl 758  -12.6  28°
20Ca -+ “Ca(p,2p)“K 2.1 -12.2 30°

- “Ca(p,n)*Sc 2.1 -4.4 13*
*“Ca(p,2n)*’Sc 23 -141  28°
“Ca(p,2n)“'Sc 0.19 -8.7 23

uSc “Se(p,pn)*“Sc 100 -11.3  22.0
“Sc(p,p2n)*“’Sc 100 -21.0 39

WTi “Ti(p,2pn)“Sc 793 -21.7 -
“Ti(p,a)*Sc’ 7.28 -2.3 13*

— “Ti(p,an)“Sc 73.9 -13.9 30°
“Ti(p, 2p) “Sc 73y -11.4  28°
“Ti(p,2pn)*’Sc 5.51 -19.6 =
*Ti(p,a)*’Se 5.34 -2.2 13°

- “Ti(p,n)*V 73.9 -4.8 12*

+Cr “Cr(p,2pn)*V 43 -211 -

- % Cr(p,pn)* Cr 838  -12.0 27°
1Cr(p,n)*Mn 83.8 -5.5 12.3
3Cr(p,2n)*Mn 95  -134 26°

“Mn - *Mn(p,pn)*Mn 1000  -10.2  26°
wFe - *Fe(p,2pn)*’Mn 5.8 -20.9 -
**Fe(p,2pn)*‘Mn 91.7 -20.4 -

- %Fe(p,2n)**Co 91.7 -15.5 29+

aNi -» **Ni(p,pn)*'Ni 67.8 -12.2 28.5

»Cu ‘= %Cu(p,p2n)*Cu 69.1  -19.7 375

- *Cu(p,2n)*Zn 69.1 -13.3 26"

wZn *Zn(p,p2n)“Zn 48.9 -21.0 -

— *'Zn(p,2n)*Ga 4.1 ~13.0 27*

- "Zn(p,3n)*Ga 18.6 ~23.2 38"

- “Zn(p,2n)"Ga 18.6 -12.0 26°

nAs — ™ As(p,3n)”’Se 100 -21.7 37
uSe "*Se(p,pn)’Se 0.9 -12.1 28*
"*Se(p,n)”*Br 9.0 -5.9 14°*
""Se(p,2n)™Br 7.5 -13.3 26
"Se(p,n)”’Br 7.5 -2.1 10°*
*Se(p,2n)""Br 23.5 -12.6 26°
»Br - ”Br(p,p2n)”Br 50.7 -19.0 39°
*'Br(p,pn)*™Br 49.3 -10.2 30.3
wSr *Sr(p,3n)"Y 82.6 -25.6 39
- *Sr(p,2n)VY 82.6 -13.8 25.5
— ®Sr(p.2n)"™Y 826 -138 -
«Cd — "°Cd(p,2n)'"”In 12.4 -12.7 25*

- " Cd(p,3n)'”In 12.8 -19.7 35
°Cd(p,n)'"°™MIn 12.4 -4.7 13.0
'"'Cd(p,2n)""°™In 12.8 -11.7 24"
'2Cd(p,3n)'"°™In 240 -21.1 317

- " Cd(p,n)"'In 12.8 -1.6 13.0

- WCd(p.2n)"In 240 -11.0 21.0

- 'Cd(p,3n)""'In 12.3 -17.6 33*

wSn - '""Sn(p,2n)'"’Sh 24.1 -11.9 25

- ""Sn(p,3n)'""Sbh 8.6 -18.3 33°

- 198n(p,2n)"*Mgh 86 -11.0 24*

- '®8n(p,3n)'"*™Sh 32.8 -20.1 35*

Sb - 'Sb(p,3n)'""MTe  57.3  -19.3  34*
wPb = *Pb(p,3n)**Bi 241  -20.6 34°

- Pb(p,2n)**Bi 221 -11.2 20.4

- 3Pb(p,3n)™*Bi 52.4 -18.5  30.8

iiinics major vy rays,
FWHM? mbb  half-life keV intensity (%)
41 122 2.6yr  1274(90)

- 65 2.6yr  1274(90)
= 52 15.0 h 1368 (100) 2754 (99)
10.4 62 32 min 146 (36) 2128 (48)
23* 170* 32 min 146 (36) 2128 (48)
14* 40* 22h 372 (52) 616 (65)
10* 400°* 3.92h 1157 (99)
14° 200* 3.89h 372 (22)
14° 600" 3.42d 159 (70)

23.0 600 3.92h 1157 (99)
23* 300° 3.89h 372(22)

- - 3.92h 1157 (99)
10° 70* 3.92h 1157 (99)
15°* 70* 392h 1157 (¥9)

15* 50° 3.42d 159(70)

- - 3.42d 159 (70)
10° 50" 3.42d 159 (70)
10° 350* 16.0d 983(100) 1312 (Y8)
- - 16.0d 983(100) 1312 (98)
20* 1000*  27.7d 320 (10)

10* 485 5.7d 744 (85) 936 (93)

1434 (100)
14 600°* 5.7d 744 (85) 936 (93)
20° 550* 312.5d 835 (100)

- - 5.7d 744 (85) 936 (93)
- - 312.5d 835 (100)

11* 150* 17.9h 477 (16) 931 (73)
17.8 220 36.0 h 127 (15) 1378 (85)
16.6 330 3.3h 283 (13) 656 (10)
14° 180* 9.3h 548 (14) 597 (23)
- < 9.3h 548 (14) 597 (23)
14°* 900* 9.3h 1039 (37)
17* 200* 9.3h 1039 (37)
14* 500* 78.1h 93(38) 185 (20)
16* 350" 7.2h 361 (99)
20* 250* 7.2h 361 (99)

9* 600* 159h 559 (66) 657 (13)
12¢ 900* 159h 559 (66) 657 (13)
10° 850 56.0 h 239 (26) 521 (24)
13¢ 550* 56.0 h 239 (26) 521 (24)
19* 350 56.0h 239 (26) 521 (24)
29+ 230 4.4h 617 (7)

15.8 500 14.7h 625 (33) 1077 (82)
12.0 1200 80.3h 388 (80) 485 (96)
- - 140 h 381 (74)
12* 900" 4.2h 204 (68)
15° 700 4.2h 204 (68)

8 870 49h 658 (49) 885 (95)
12* 900+ 49h 658 (99) 885 (95)
15° 780 49h 658 (99) 885 (95)

8* 530 2.83d 171 (91) 245 (94)
12,5 1000 2.83d 171 (91) 245 (94)
15* 900* 2.83d 171 (91) 245 (94)
12* 900°* 2.8h 158 (88)

14* 900" 28h 158 (88)

12* 900" 51h 254 (8) 1229 (10)
14* 700* 5.1h 254 (8) 1229 (10)
15* 900* 4.68d 153 (62) 1213 (67)
12* 1000* 11.3h 375 (75) 899 (99)

9.4 910 6.24d 803 (100) 881 (67)
12.4 990 6.24 d 803 (100) 881 (67)

@ - Most appropriate nuclear reactions. ? * Data obtained by extrapolation (7).

chlorine concentrations are needed to lead to a significant
contribution to #™Cl.

Among these elements we have been looking at, chlorine
is the only one with a half-life shorter than 2 h, leading
eventually to some problems in the routine analysis of a larger
number of samples.

Calci Scandium, and Tit Proton activation of
these three elements leads mainly to the production of
scandium radionuclides; therefore they are considered si-

multaneously and interferences have to be considered cau-
tiously.

To avoid these interferences, Ti can be determined from
48V (Cr interferes and its contribution must be subtracted)
and Ca is determined unambiguously from *°K; Sc is finally
evaluated from #Sc, after the deduction of the contribution
of Ti and Ca to this radionuclide.

This procedure is, however, unappropriate in the analysis
of airborne particulate matter, because the v peaks of “K are
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Table II.  Analytical Radioisotopes and Induced Activities
elel e
to":fem Fadisisotops seiye:z’d, activity measured, counts X ug™ x mC~' x(1000s)™'
determined (half-life)? keV tqg =0 4h 15h 10d
Na ?Na(2.6 yr)* 1274 4.0 4.0 1.0 4.0%
Mg **Na(15.0 h)* 1368 230.0 191%° 115 -
Cl *MCI(32.0 min)* 146 80000 440%* 2
Ca “K(22 h)* 372 14 12 10*
616 7.2 6.35 4.49*% -
“Sc(3.89 h)* 372 100 49.0* 6.91 =
“Sc(3.92 h) 1157 37 18.2* 2.61 -
VSe(3.42 d) 159 11 10.6 9.69* 1.45%
Sc *'S¢(3.89 h) 372 1300 640* 89.8 -
*S¢(3.92 h) 1157 28000 13805.* 1975
Ti *8¢(3.92 h)* 1157 3500 1726% 247 =
“78¢(3.42 d) 159 570 551 502* 75.1*
“V(16.0 d)* 983 32 32 31 16*
Cr “V(16.0 d) 983 14 14 43 29+
$1Cr(27.7 d)* 320 150 150 150 117%
"Mn(5.7 d) 744 29 28 27* 8.6*
Mn “Mn(312.5 d)* 835 35 35 35 34%
Fe *Mn(312.5 d) 835 1.5 1.5 1.5 7.3%
“Mn(5.7 d)* 744 85 83 79* 25*
*#Co(17.9 h)* 931 400 343 224* ~
Ni *’Ni(36.0 h)* 127 1000 926 750* 10
1378 600 555 450* 6
Cu “Cu(3.3 h)* 283 3200 1380* 137
“Zn(9.3 h)* 597 320 237 105* -
Zn “Zn(9.3 h) 597 300 223 98* 5
“Ga(9.3 h)* 1039 350 260 115* .-
“Ga(78.1 h)* 93 250 241 219#* 30*
As 8e(7.2 h)* 361 20000 13610* 4720* -
Se Se(7.2 h) 361 300 200* aL* -
Br(15.9 h) 559 750 630 390* -
"Br(56.0 h) 239 250 238 208* 13
Br ”Br(56.0 h)* 239 240 228 199+ 12
, ""MBr(4.4 h) 617 170 90* 16 -
Sr "Y(80.3 h)* 388 1700 1640 1490* 214*
Mmy(14.0 h)* 381 7700 6320 3665* -
Cd ”In(4.2 h)* 204 16000 8270* 1350
"min(4.9 h) 658 3700 2100* 443 -
"In(2.83d)* 171 1700 1630 1450* 145
245 1400 1345 1200* 120
Sn 7Sh(2.8 h)* 158 37000 13750* 905 -
"mMSh(5.1 h)* 254 8500 4940%* 1110 -
Sh "WmTe(4.68 d)* 153 2300 2245 2100* 525*
Pb “Bi(11.3 h)* 375 3700 2895 1475* .
899 1800 1410 T17% -
#Bi(6.24 d)* 803 300 295 280* 100*

@+ Most appropriate analytical radionuclide. ® * Most appropriate decay interval.

rarely observed in a routine determination, and because 5V
is not a sensitive radionuclide for titanium.

Scandium radionuclides must then be used: an aid to
resolve the inherent interferences is to consider the ratios
Ca/Ti/Sc which are usually 1000/100/1 in an aerosol. Ca is
now determined from “Sc, since the contribution of Sc to this
radionuclide is negligible; the y peak at 372 keV is close to
the 374-keV v peak of ?™Bi, and this contribution must be
subtracted.

Another problem arises from **K, which also has a y peak
at 372 keV.

Ti is determined from *Sc, since the contribution of calcium
and scandium to this radionuclide is low in an aerosol sample.
Finally, because of its low abundance in airborne particulate
matter, Sc cannot be evaluated.

Chromium. ®!Cr is the most pertinent radionuclide for the
determination of Cr; the contribution to *'Cr from vanadium,
through the ®'V(p,n)5'Cr reaction is negligible.

Manganese can be determined from *Mn; this radionuclide
is also produced from Fe, but with lower yield. Correction
factors for the contribution of iron may be evaluated, and Mn
can be determined in a matrix with a Fe/Mn ratio of up to
10.

Iron is best determined via the 931-keV 7 ray of %Co; this
element can also be evaluated via Mn (which is also produced
from Cr) in a matrix with a low Cr/Fe ratio.

Copper is best determined via the #'Cu radionuclide; the
contribution to ®'Cu from Ni, through the $2Ni(p,2n)®'Cu
reaction is very small. Copper can also be evaluated from ®Zn,
but Zn interferes through the $Zn(p,p2n)®*Zn reaction. This
interference is rather important at 30 MeV, but very low at
25 MeV (see Figure 1).

Arsenic, Selenium, and Bromine. These three elements
interfere with each other and, according to the matrix and
sample composition, their determination will be more or less
accurate and possible. Se can be determined unambiguously
via ®Br. Contribution of 7Br from the activation of selenium
can be evaluated, and the subsequent determination of Br
through the ®Br(p,p2n)™Br reaction can be carried out. Since
activities of "'Br induced on Se and Br are of the same order
of magnitude, the corrections are valid as long as Se con-
centrations are lower or equal to the Br concentrations.
Arsenic can be determined via ™*Se through the As(p,3n)™Se
reaction. However, since "Se is also produced from Se, but
with a much lower yield, determinations of As are unam-
biguous only as long as Se concentrations are not higher than
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Table III. Sensitivities of Instrumental Proton (IPAA)
and Neutron (INAA) Activation Analysis

limit of limit of
detection, ng detection, ng

element IPAA INAA clement JPAA INAA
Na 1600 200 Cu 190 50
Mg 340 3000 Zn 190 100
Cl 470 500 As 50 40
Ca 130 1000 Se 260 10
Sc 3 3 Br 430 20
Ti 270 200 Sr 15 -
Cr 60 20 Cd. 25 -
Mn 180 3 Sn 30 -
Fe 160 1500 Sh 54 30
Ni 60 1500 Pb 20 -

As concentration by an order of magnitude.

CONCLUSION

Analytical Considerations. Our limitations to Na, Mg,
Cl, Ca, Se, Ti, Cr, Mn, Fe, Ni, Cu, Zn, As, Br, Sr, Cd, Sn, Sb,
and Pb are due (a) to the composition of the matrix con-
sidered: airborne particulates collected on filter paper, and
(b) to adequate activation properties of these elements.
Extension to other elements is feasible considering the ex-
tension to other incident particles and energies. For routine
analysis of thin samples, the proton is the most appropriate
particle, because of its high penetrability; 30-MeV activation
is a middle choice between high and low energies. Higher
energies of incident particles create more exotic reactions, and
subsequently more elements could potentially be determined.
However, in complex matrices more interfering reactions
would occur simultaneously and the complexity of the ¥y

spectra would make analytical determinations rather difficult.
Therefore, and also because of the availability of sources of
low-energy particles, activation with lower-energy particles
is more common. Activities induced with 20-MeV and 30-MeV
protons are comparable for most elements within a factor of
2 (Figure 1); 30-MeV proton activtion being more appropriate
for the determination of As, Br, and Sb. However for lower
proton energies, the larger loss of energy through the pile of
samples makes it less adequate for routine analysis.

In Table III, limits of detection are reported. Calculations
are based upon background levels encountered after irradi-
ation with 30-MeV protons of a 4 mg cm? filter support and
a 200 ug cm™® airborne particulate-matter sample with an
integrated beam current of 1 mC. Limits of detectability are
calculated from N = 4.65 X B'/?, where B is the number of
counts in the background and N is the minimum number of
counts under the y peak (11).

Subsequent evaluation of minimum detectable amounts is
done through Table II and is reported in Table III. In the
same table, and for comparison purposes, sensitivities obtained
for routine analysis of aerosols by neutron activation are
reported (12) (flux of neutrons: 2 X 10'2 n/cm*s during 5 min
for short-lived radionuclides or 10'* n/cm?s during 5 h for
long-lived radionuclides). In both cases, the counting times
are comparable, i.e., from 400 to 4000 s, according to the
half-life of the radionuclides. Sensitivities for IPAA as defined
in Table IV could be improved, one of the limiting factors
being the thermal resistance of the samples. Indeed, most
of the energy loss by the incident particle while penetrating
the pile of samples is dissipated in heat. In the present case,
since a large number of nonthermal-conducting materials are
piled up, we have a stringent restriction on beam intensities.
According to the thermal resistance of the samples, beam
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Table IV. Analytical Determinations on Airborne Particulates in Belgium Performed by Neutron (INAA) and Proton

(IPAA) Activation®
Ghent Ghent
Dourbes Mechelen Brussels residential industrial Charleroi Liege IPAA/INAA

INAA IPAA INAA IPAA INAA IPAA INAA IPAA INAA IPAA INAA IPAA INAA IPAA X to, '
Na 7 1270 1320 920 1070 950 1490 1520 1620 1130 1320 2340 2420 1930 1900 1.14: 0.20
Mg & 680 940 490 550 330 900 800 960 500 670 610 1960 830 930 (1.73: 0.86)
Ca* 3700 1900 1700 1000 3200 3300 3500 1900 3200 1100 6000 6600 12700 7800 (0.68 : 0.28)
Ti 110 120 100 140 100 150 240 220 110 110 410 360 260 260 1.11:0.24
Cr 20 - 12 15 14 12 13 - 10 9 38 35 61 56 0.97: 0.16
Mn 120 130 60 90 90 120 300 220 90 90 200 240 340 340 1.12:0.26
F? 2600 2300 2100 2700 2600 2800 2600 2800 1800 1600 6200 5400 7300 7400 1.01: 0.15
Ni* 32 11 42 24 <170 22 35 44 25 14 <170 18 86 55 (0.68 + 0.34)
Cu* 52 110 101 90 53 150 54 70 40 50 83 108 270 280 (1.53: 0.69)
Zn 750 720 500 500 830 920 420 390 330 300 3270 3070 5260 5100 0.97+ 0.07
As 14 14 22 35 27 34 15 24 17 18 25 24 21 22 1.22:0.28
Br 85 110 200 240 200 350 150 250 125 150 210 330 380 650 1.48+0.25
Sr - 11 - 8 - 14 - 10 - 10 - 22 - 33
Cd* 16 18 17 7 10 15 10 13 <7 9 13 25 270 280 (1.22+ 0.50)
Sn - 5 - 23 - 1 - 9 - 10 - 28 - 35
Sb 8 11 250 - 44 49 19 - 16 15 13 25 13 15 1.30: 0.38
Pb - 250 - 390 . 560 - 330 - 240 - 550 - 870

@ ¥ Errors associated with IPAA (see text). ? * Errors associated with INAA (See text). ¢ Units expressed in ng/m>,

intensities up to several pA could be used, and consequent
improvements in sensitivities achieved.

Applicability to Elemental Analysis of Aerosols.
Aerosols collected at various locations in Belgium are routinely
analyzed for their elemental compositions. In Table IV we
present a comparison of results of determinations performed
by instrumental neutron (INAA) and proton (IPAA) activation
analysis. Airborne particulates were collected by filtration
of approximately 200 m?® of air on a 66 cm? Whatman 41 filter
paper. The filter paper is folded, and a 2 cm? aliquot is taken
for analysis by IPAA, of which approximately 1 cm? was
bombarded in the irradiation chamber. Analyses by INAA
were performed at the University of Ghent.

1t is not our purpose here to give an interpretation of the
data, but rather to point out the analytical aspects. The
concordance between the two methods is usually good: within
+20% for Na, Ti, Cr, Mn, Fe, Zn, As, Br, and Sb. For Mg,
Ni, and Cd, uncertainties associated with the INAA values
are much larger, but within these limits agreement is good.
The IPAA determination of Ca is a little more ambiguous, due
to the correction associated with the activation of Ti and Sc.
The same problem arises with Cu, due to the activation of Zn.
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Thermometric Titrations of Polyprotic Acids
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The authors formulate n equivalent equations for the ther-
mometric titration curve of a polyprotic acid H,A, the pK values
of which are comparable, neutralized by a strong base. The
main term of the pth equation ponds to a line nt
with slope proportional to the enthalpy of neutralization AH,
of the pth acidity. Terms which are numerically small justity
the dotf J cting these segments to the base
lines and to each other. These equations have been ex-
perimentally checked with a diacid, glutaric acid, and with a
triacid, citric acid. In the case of a diacid, the deviation
bet the experi | curve and the theoretical lines, at
the point corresp lization, is evaluated
as a function of the acidity constants and enthalples of
neutralization. A rapid graphic method Is used to estimate the
ratio of the two acidity constants.

ding to semi

In most monographs devoted to thermometric titrations
(1-7), the authors stress two basic differences between these
titrations and those followed by potentiometry.

First, while potentiometric titrations take advantage of the
Gibbs free energy variation AG (or the equilibrium constant
K) involved in the titration, thermometric titrations use the
corresponding enthalpy variation AH, which can, in some
cases, provide a significant advantage as in the often-quoted
titration of orthoboric acid by a sodium hydroxide solution
(1,8,9).

Second, thermometric methods produce linear titration
curves, whereas potentiometric methods lead to logarithmic
curves. As a rule, a thermogram representing the heat —q(t)
developed in the reaction vessel, as a function of time consists
of a ber of line ts. These ts are d

enthalpy variation AH (and not the Gibbs free energy variation
AG, hence of the equilibrium constant K) and the linearization
of the corresponding curves, provides hope for a lowering of
the detection limits of the functions for the successive stages
of thermometric titration of a polyfunctional compound.

Using thermometric titration in aqueous solution with a
sodium hydroxide solution, Harries (17) showed that phthalic
acid (ApK = 2.47) (18), oxalic acid (ApK = 2.96) (19, 20),
malonic acid (ApK = 2.86) (21, 22), and succinic acid (ApK
= 1.45) (23, 24) produce thermograms which exhibit two
breaks for the successive neutralization of the two acid groups,
even though for these acids, the maximum coefficient for HA
is much less than one. On the other hand, he observed no
slope change for the neutralization of the following diacids:
glutaric (ApK = 1.08) (21), adipic (ApK = 0.99) (21), maleic
(ApK = 4.42) (25), fumaric (ApK = 1.51) (25), and tartaric
(ApK = 1.27) (18).

Using equipment described elsewhere (26, 27), with suf-
ficient sensitivity and suitable recording speed, we clearly
identified the slope changes corresponding to the successive
neutralizations of these diacids. We also, contrary to the
results in the literature (28), obtained three obviously distinct
line segments with slightly different slopes in the case of a
triacid (citric acid). These results prompted us to develop a
theoretical framework in order to justify and discuss these
experimental data.

This study has been conducted for a polyprotic acid H,A
with, as experimental support, application to the particular
instances of glutaric and citric acids.

EXPERIMENTAL
R s. The hydroxide solutions are prepared by

to each other by curves of variable size, reflecting, among other
phenomena, the reversibility of the reactions involved. The
parameters on which the roundoff due to this reversibility
depend have been identified by various authors (I1-10), es-
pecially Tyrrel (10), who investigated the reactions represented
by the equilibrium:

A+B=C

This rounding off, which may hinder the detection of the
equivalent point, is, however, valuable for more or less accurate
determinations of the equilibrium constant K and thus of
variations in the entropy and Gibbs free energy functions
(11-15).

In the case of a polyprotic acid, or more generally of a
polyfunctional compound, the titration curve is, as a rule,
formed by the linking of the successive titration curves of the
various functions of the compound analyzed.

In point of fact, this can only be achieved for a poten-
tiometric titration if the successive dissociation constants of
the test compound have sufficiently different orders of
magnitude. For example, it is generally acknowledged that
potentiometric identification of the two successive acidities
of a diacid H,A is only possible if ApK = pK, - pK, 2 4,
corresponding to a maximum distribution coefficient for HA-
approaching one (16).

The application of thermometric titration to exploit the

! Present address: Laboratoire de Chimie Analytique, U.E.R. du
Medicament, 2, avenue du Professeur Léon Bernard, 35043 Rennes
Cedex, France.

extemporaneous dilution of standard solutions with distilled water.
‘The glutaric acid solution is prepared from the Fluka commercial
product, the purity of which is checked by testing its melting point,
95-96 °C. The citric acid solution is prepared from the Fluka
commercial product, labeled “puriss”.

Apparatus. The thermometric titration apparatus is described
elsewhere (27). Characteristics: at maximum sensitivity, a change
of 1072 °C corresponds to 1 cm on the recorder chart ordinate or
0.25 °C per full scale deflection. Variation of 0.1 ¢cm corresponds
t0 0.6 J. The chart ordinate can be read with an accuracy of £0.05
cm corresponding to £5.10* °C or £0.3 J. Accordingly, the
minimum temperature difference which can be estimated with
relative accuracy (within 1%) is 0.05 °C; the minimum heat
variation with the same relative accuracy is 30 J.

For potentiometric titrations, we used a Tacussel measurement
and titration unit of the “titrimat” type, and a Tacussel digital
reading pH-meter of the “Minisis” type, both equipped with a
glass electrode and a calomel reference electrode.

Process of Thermometric Titrations. An accurately
measured volume V, = 10" L of the acid solution of fixed
concentration C, (C, = 115 X 10* mol L™ for the glutaric acid
solution and 7.20 X 10 mol L' for the citric acid solution) is
introduced into the reaction vessel. The agitator, the Wheatstone
bridge in which the thermistors are incorporated, and the recorder
are connected. The bridge is balanced. After 5 to 10 min, the
bridge is rebalanced and the automatic buret started. The ti-
tration curve is recorded. The invariability in the flow rate of
the buret v = 2 X 10® L min™' is checked by systematically
determining the volume discharged within a given interval, before
and after each series of measurements. The concentration of the
sodium hydroxide solution is Cg = 1.91 mol L™'. The recorder
paper speed is fast: 30 cm min'. All the titrations are carried

0003-2700/79/0351-2122$01.00/0 © 1979 American Chemical Society



out at ambient temperature (23 + 2 °C).

Process of Potentiometric Titrations. In this case, the same
volume Vo = 10" L of acid solution is determined using the same
sodium hydroxide solution as above. The pH values as a function
of the volume of sodium hydroxide added are read directly from
the recorded curve and confirmed by the digital-reading pH meter.
The initial pH values are 3.11 for the glutaric acid solution and
2.80 for the citric solution.

Constants Employed.

Enthalpy of ionization of water:

H*+ HO  — H,0 AHy: -55740 J mol™! (29,30)
Enthalpies of neutralization of glutaric acid:
H;A + HO- — HA" + H,0 AH,: -56246 J mol™! (18)
HA" + HO" — A* + H,0 AHy: -58169 J mol™* (18)
Enthalpies of neutralization of citric acid:
H;A + HO” — H,A° + H,0 AH,: -51556 J mol™ (18)
H,A" + HO — HA* + H,0 AH,: -53313 J mol™ (18)
HA?% + HO™ — A% + H,0 AHy: -59087 J mol™! (18)

THEORETICAL

Polyprotic Acid H,A. We assume that only the first
acidity of H,A is sufficiently great, so that, before the be-
ginning of addition, the aqueous solution contains only the
H* of concentration (H*),, H,A and H, A" entities. The
dilution is taken into account in the calculation but the
concentrations are not explicitly corrected for the activity
coefficients.

The following notations are used for the successive en-
thalpies of neutralization of the n acids H*, H,A ... HA®1",

H* + HO" — H,0 AH,
H,A+HO —H, A"+ H,0 AH,

H, ;AP + HO — H, A" + H,0  AH,

HA® Y + HO — A" + H,C  AH,

For the remainder of the calculations, it is useful to in-
troduce an auxiliary notation for the concentrations of the
various species which may be present in solution a time ¢.

Co=(HpA) + (Hyy A)+ o (A7)
C, = HpsdA)+ ool (A™)
Cp, = (L, APT) i e (A"7) =
S by
Cn= (A7)
We also consider:

Ex =Co - C,

This notation can be easily condensed using the matrix form
(details are available on request).

In these conditions the calorimetric balance (assuming heat
losses and heat of dilution to be negligible: the thermogram
becoming with this assumption, an enthalpogram (10)) ex-
presses at time ¢, the heat corresponding to:

Neutralization of the H* ion (the strongest acid in solution)
or [(H*)oV, — (H*)(V, + vt)] AH,

Effective formation of the compound H,_;A™ by reaction
with sodium hydroxide, or: [(H,,A")(V, + vt) - (H*), Vo]AH,
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Formation of compounds H, ,A* ... H, ,A”, ... A™ or:

(H,2A%)(V, + vt)(AH, + AH,)

+ ... (HapAP) (Vo + 0t)(AH, + AH, + ... AH))

+ .. (AV)(Vo + vt)(AH, + AH, + ... AH, + ... AH,)
Hence, after finding a common factor for the AH,, terms and
after using the above notation:

—-q = (H*)oV, (AH, - AH)) - (H*)(V, + vt) AH, +
(Vo + ut) 3 AHC, (1)
i=1

By introducing the electroneutrality and mass conservation
Equations 2 and 3

n Cgut
= *y = B —n.
El C; = (H") - (HO) + Vo + ot (2)
Cpvo
° T Vo + ot @)

and considering that, at time t, among the concentrations of
the (n + 1) species in solution (H,A), (H, A", etc. . . ., two
are numerically greater than the others, i.e.,

H, p-nA® " and H, ,AP", with:
H, , yA®" + HO — H, A" + H,0 AH,

we arrive at Equation 4 (detailed calculations are available
on request from the authors).

-q = Cg vt AH, + (H*), V, (AH, -AH) +
CA Vo }_:l (AH; - AH,)

- (H")(Vo + vt) AH, + [(HY) - (HO)] (V, +
vt) AH,

P
- ):1 C(AH; - AH,) (Vo + vt) +

i CiAH; - AH ) (V, + vt)
i=p+l
4)

In this equation, owing to the hypotheses made, the first three
terms are the only ones which are numerically great in relative
value. In coordinates —¢ = f(t) or -¢ = f(vt), the equation is
thus that of a line with the slope CgvAH,, or CgAH,, and with
the intercept: (H*)oVo(AH, - AH)) + Cy Vo ¥iai” (AH; - AH,)
independent of time, with a series of corrective terms. This
line is the support of the segment relative to the pth neu-
tralization of the polyacid.

The corrective terms are of two types:

(a) terms directly dependent on the solution pH

(H*) (AH, - AH)) (V, + vt) - (HO)AH(V, + vt)

(b) terms dependent on the concentrations

P
2 C; (AH; - AH,) (Vo + vt) +
i=1
n
) ):H Ci(AH; - AH)(V, + vt)
i=p
These corrective terms may be considered as numerically
small, except at the ends of the segment in question, where
they may justify connection curves with neighboring segments.
Remark: an equation similar to 4, but slightly more
complex, can be derived for the case of a polyacid H,A, the
i first acidities of which are sufficiently strong to be dissociated
in the initial solution (Detailed calculations are available on
request).
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Monoprotic Acids. For a monoacid (p = n = 1), Equation
4 giving the calorimetric balance becomes, for the overall
reaction:

HA + HO — A" + H,0 AH

—-q = Cg vt AH + (H*), V, (AH, - AH)
+ [(H*) - (HO")] (V, + vt) AH -
(H*) AH, (V, +vt)

The recorded thermogram —q = f(vt) is a line with the slope
CpAH and with the intercept (H*), Vo(AH, — AH) if the terms
involving variable concentrations can be ignored. This
equation reproduces the conditions advanced by Tyrell (10)
in the case of a reaction of the form A + B = C.
Symmetrical Diprotic Acids. (a) General Equations. If
p =1 (first neutralization) and n = 2, Equation 4 becomes:

—-q = CgutAH, + (H*), V, (AH, - AH))
+

[(H*) - (HO)] (V, + vt) AH, - (H*) AH, (V, + vt)
+ (A*)(AH, - AH,)(V, + vt)

(5)
and for p = 2 (second neutralization) and n = 2:
-qg = CgutAH, + (H*),Vy(AH, - AH)) +
CAVo(AH, - AH))

+
[(H*) - (HO")] (V, + vt) AH, - (H*) AH, (V, + vt)
- (H,A)(AH, - AH)y) (V, + vt)
(6)
(b) Simplified Equations. Equations 5 and 6 both represent
the heat balance during the entire titration. If all terms which
include a concentration (H*), are ignored, Equations 4 and
5 can each be considered as the equation of a line experi-
mentally representing the two successive neutralization stages
of HyA. The justification of this simplification will be given
subsequently.
During the first part of the neutralization of the diacid H,A
whose balance is expressed by:

H,A + HO- — HA" + H,0
Equation 5 can thus be written:
-q = CgutAH, - (H*),Vo(AH, - AH,) (5

corresponding to the equation of a line segment with slope
CpvAH, in a system of (-g, t) coordinates or of slope CgAH,
in a system of (-q, vt) coordinates corresponding to the re-
corded thermogram, and with the g intercept

-(H*), V, (AH, - AH|)
Similarly, during the second part of the neutralization of
the same diacid, taken as a whole:
HA" + HO" — H,0 + A%
Equation 6 becomes:
-q = Cgut AH, + C, Vo (AH, - AH,) +
(H*)o Vo (AH, - AH)) (6')
corresponding to a line equation with slope CsAH, and a ¢
intercept
CAV, (AH, - AH,) + (H*), V,, (AH, -AH))
(c) Discussion. Qualitatively, for the portion corresponding

to the first neutralization, one can, at the start of the addition,
ignore the (HO") and (A%) concentrations appearing in

~

ore
b 3
-

Figure 1. Typical during i ofa
ackd solution (C, = 115 10 mol L™, V, = 10" L) by a sodium
hydroxide solution (Cg = 1.91 mol L™")

Equation 5. The only corrective terms are, therefore, the
terms:

ay = —(H*)o Vy (AH, - AH,)
and
a = (H*) (Vy + vt) (AH, - AHyp)

a, and a only act, as a rule, at the very beginning of the
reaction and justify an initial rounding off, which is, in fact,
only slight.

At the end of the neutralization reaction of the first acidity,
if (H*) and (HO") are negligible, (A%) is not, in spite of its
weakness. For the portion corresponding to the second
neutralization, the corrective terms are:

(HO") (Vy + vt) AH,
and
(H,A) (V, + vt)(AH, - AH))
equal to
(A%) (V, + vt)(AH, - AH))

at the junction of the two line segments represented by
Equations 5" and 6’. It is, moreover, easy to check that the
junction corresponds to the semi-neutralization of the diacid.

According to the foregoing qualitative discussion, the ex-
perimental curve corresponding to the titration period
properly speaking must successively exhibit a curve portion,
a line segment, a new curve, followed by another line segment
and possibly a final curve connecting it to the base line. This
is confirmed by the experiment (Figure 1). It may be observed
that the curve obtained can be “fitted” on two lines. These
two lines have the following equations:

-q = Cg ot AH,
and
-q = Cgut AH, + C, V, (AH, - AH))
The experimental data at the start and the known values of
neutralization enthalpies (cf. Experimental) make it possible

to calculate the differents corrective terms of expressions 5
and 6 in relation to the respective values CputAH, and



CputAH; + Cpvo(AH, — AH,). The term (H*)oV,y(AH, - AH,)
equal to 0.039 J is always negligible. Up to the semi-neu-
tralization point, all the corrective terms of expression 5 are
negligible. (These terms were computed with the results of
a parallel potentiometric experiment with the same experi-
mental conditions according to classical calculations (31)). The
only exception is the term (A*)(V, + vt) (AH, - AH,) which
at the first neutralization point has a value of 0.42 J, a value
lying within the measurement limits of our apparatus. This
also applies to the corrective terms of expression 6 except at
the semi-neutralization point where the term is (H,A) (V, +
vt) (AH, - AH,) is also equal to 0.42 J, and near the complete
neutralization point (1.20 X 10 L sodium hydroxide added)
for which the term in (HO") (V, + vt)AH, takes the value of
0.6 J. At the end of the first neutralization, we experimentally
ascertained for glutaric acid in the experimental conditions
used, a small “hump” (Figure 1) which can be explained by
the corrective terms (A%)(V, + vt)(AH, - AH;) and (H,A)(V,
+ vt)(AH, - AH,). This equation is explored further in the
following paragraphs.
At the end of the first neutralization, we have (31):

Ca

=2+\/K,/Kg

K, and K being the first and second acidity constants of the
diacid. Hence, at this point, the ratio 4 of the deviation from
the theoretical line -q = CgutAH|, due to the corrective term
(A%)(AH, - AH\)(V, + uvt), to the intercept Cvo(AH, - AH))
of the support line of the second segment is equal to:

_ d _ (Azu)(L\Hz = AH])(VO + vt) _ 1

b " 2+4/K/K,

b CAVo(AH,- AH)

(H,A) = (A?)

since vt &« Vj. Thus:

r=(i-2)
K\ 2

In the same line, the relative deviation &’ from the theorical
line due to the same corrective term as above amounts to:

_ (A%)(AH, — AH)(Vy + vt)
- CputAH,
_ (A)(AH, - AH))
B CalH,
o1 (A_H_l)é(ﬂl)

2+ 4/K/K, \ A AH,
These relations reveal the extent to which the parameters AH,,
AH,, K,, and K, act at the end of the first neutralization.

With glutaric acid the computed values are: § ~ 0.18 and
& = 0.006. These values are approximately the same as those
obtained from the diagram (Figure 1). Unfortunately, the
deviation (“hump”) is very small and is at the borderline of
the resolution power of our apparatus, so that we obtain wn.h
this graphic method only an order of magnitude of the ratio
K,/K,. -

Triprotic Acids. In this case (n = 3), the equations giving
the calorimetric balances of the successive reactions:

o=

o 1e

since Cput = C,V,

H,A + HO" — HA + H,0 (=1
H,A™ + HO™ — HA? + H,0 =2
HA? + HO" — A% + H,0 =3

are written:
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Figure 2. Typical or during of a citric
acid solution (C, = 7.20 X 10~ mol L', V, = 10~ L) by a sodium
hydroxide solution (Cg = 1.91 mol L")

Table I. Errors Committed in Compiling the Calorimetric
Balance by Using Only Equations 10, 11, and 12¢

deviation deviation deviation

vt X from line, from line, from line,
10 L J,Eq 10 J,Eq. 11  J,Eq12

0.04 +0.57

0.08 +0.48

0.20 +0.17

0.36 -0.11

0.40 -0.21 -0.10

0.44 0

0.60 -0.10

0.76 -0.61

0.80 -0.90 -0.31

0.84 -0.20

1.00 0

112 0

1.16 0

1.20 +3.32

% Note. The values calculated from Equations 7 and 8
on the one hand, and Equations 8 and 9 on the other, do
not coincide perfectly. In our opinion, this must be con-
sidered as a result of the relative uncertainty concerning
calculated concentration values and the enthalpy values
employed.

-q = CgutAH, + (H*), V, (AH, - AH))
- (HY)AH, (Vo + vt) +
[(H*) - (HO)(V, + vt)AH,
+ (HA%)(AH, - AH))(V, + vt) +
(A%)(AH; + AH, - 2AH,)(V, + 1(;:;
7

-q = CputAH, + (H*), Vo, (AH, - AH)) +
CaV, (AH, - AHY)
- (HY)AH(V, + vt) +
[(H*) - (HOY)] (Vo + vt)AH,
- (H;A)(AH, - AHR)(V, + vt)
+ (A%)(AH; - AH,)(V, + vt) (8)
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-q = CgutAH, + (H*), Vy (AHy - AH,) +
Ca Vo(AH, + AH, - 2AH3)
- (HYAH|(V, + vt) +
[(H*) - (HO)(V, + vt)AH,
- (H;A)(AH, + AH, - 2AH)(V,y + ut) -
(H,A)(AH, - AH)(V, + l()[;
9

The recorded thermogram -g = f(vt) must be based on three
line segments, the respective equations of which are:

—-q = CgutAH, + (H*), V, (AH, - AH)) (10)

—q = CautAH, + (HY)V, (AH, - AH,) +
CaVe (AH, - AHp) (11)

—q = CyutAH, + (H*)y Vo(AH, - AH,) +
Ca Vy (AH, + AH, - 2AH3) (12)

The deviations from linearity are justified by nonnegligible
values of one or more terms which we have not taken into
account in writing these line equations.

The experimental thermogram of citric acid (Figure 2)
shows that one can effectively plot three line sections which
intersect each other for added volumes of sodium hydroxide
corresponding to the successive neutralization of the three
acidities.

Table I shows, for successive volumes vt of sodium hy-
droxide added, the differences between the heat calculated
from the complete Equations 7, 8, and 9 and the heat cal-
culated from Equations 10, 11, and 12 of the corresponding
line sections. (Here again the heat was computed with the
results of a parallel potentiometric experiment with same
experimental conditions using classical calculations (31)).

It can be seen that, within the range of accuracy of our
equipment (cf. Experimental), the only glaring deviations from
the lines are located:

At the start of the titration, where the term in (H*)(V, +
vt)(AH, - AH,) in Equation 7 is not negligible;

On both sides of the point equivalent to the neutralization
of the second acidity for which the term in (A%)(AH; -
AH,)(V, + vt) is not negligible in Equation 8 and for which

the term in —(H,A")(AH, - AH;)(V, + vt) is not negligible in
Equation 9;

At the very end of the determination, where the term in
—(HO") (V, + vt)AH, becomes great.

These results coincide perfectly with the thermogram
obtained (Figure 2).
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Cathodic Stripping Voltammetric Determination of Organic
Halides in Drug Dissolution Studies

Ian E. Davidson*®

Wyeth Laboratories, Huntercombe Lane South, Taplow, Maidenhead, Berkshire, SL6 OPH, England

W. Franklin Smyth
Department of Chemistry, Cheisea College, Unh

ty of London,

A method has been ped to analyze th ically active
organic hydrochlorides and hydrobromides ln drug dluoluuon
studies by cathodic stripping voltammetry. Resulis on tablets
are accurate at concentrations of 105 and 5 X 10 M for
hydrochlorides and hydrobromides with coefficients of variation
of 3.1 and 2.9%, respacilvoly Problem: associated with
halide lay tion on hanging mercury drop elec-
trodes are di d, and by p: g the supporting
electrolyte with mercurous halide limits of detectlon of 10~
and 2 X 1077 M for chloride and bromide, respectlvely, are
obtained in 0.05 M nitric acid/potassium nitrate. The effects
of 17 common pharmaceutical exciplents are studied and the
method is shown to be an order of magnitude more sensitive
than UV spectrophotometry for drugs with molar exllncllon
coefficients of 2000 m? M~'. Applications of dc p graphy,
cyclic voltammetry, and a mercury-coated glassy carbon
electrode are also discussed.

An important aspect in the development of a new drug
formulation is the determination of its bioavailability. In
addition to determination of drug and metabolite levels in
body fluids such as blood and urine, the testing of in vitro
formulation dissolution is of importance. This method de-
termines the dissolution profile of a drug from tablets,
capsules, suppositories, etc. The general nature of dissolution
testing is well documented (I-4), normally involving mea-
surement of drug levels released into a dissolution medium,
usually water, at set time intervals. Measurement is cc ly

Road, London SW3, England

summarized (9) including electrochemical methods such as
polarography, coulometry, and conductimetry. The coulo-
metric method is widely used (10) and ion selective electrodes
have also been used (1I). Bromide analysis is less well
documented although most of the above techniques can be
used for its determination. It has been determined in clinical
situations by complexation with ferric thiocyanate (12).

A seldom exploited though sensitive analytical technique
for halide measurement is cathodic stripping voltammetry
(CSV). Several workers have applied CSV to the determi-
nation of halides in a variety of media. Work to date has been
summarized in two recent monographs (13, 14) and has been
limited mainly to inorganic analysis. The determination of
halide ions in aqueous solution in the range 2 X 10°-10° M
(15) and the determination of bromide and chloride in airborne
particulate matter have been descnbed (16). Exchange re-
actions involving elect halide films have
been studied by CSV, as s has the simultaneous determination
of bromide and chloride (17, 18). Using this method, sen-
sitivities of 1075, 10¢, and 107 M for CI', Br", and I, re-
spectively, have previously been claimed by other workers (19).
This paper attempts to show that the technique is particularly
applicable to samples at about the 10 M level and to organic
halide salts with low extinction coefficients. Organic hy-
drochlorides and hydrobromides are considered in this paper
and the two model compounds used to display the application
of CSV are compounds I and 11, i.e., (-)-cis-2-(a-dimethyl-
amino-m-hydroxybenzyl)cyclohexanol hydrochloride and
(-)-138-amino-5,6,7,8,9,10,11,12-octahydro-5a-methyl-5,11-

carried out by sampling an aliquot of the solution and de-
termining the drug content by UV spectrophotometry. Either
discrete sampling or automated flow analysis can be used. UV
spectrophotometric analysis does depend however on a rel-
atively high extinction coefficient for the compound since
concentrations are usually of the order of 1-10 ug mL™ (about
10® M for many drugs). Problems are encountered when
compounds involved in dissolution studies either (a) are
present in low concentrations or (b) possess low extinction
coefficients. Other more sensitive but time-consuming
techniques, such as solvent extraction/concentration, gas
chromatography, high pressure liquid chromatography,
fluorescence, etc., need to be considered in these situations.
Many drugs are formulated as halide salts of weak organic
bases (3, 5). At present, of the FDA-approved commercially
marketcd salts, 43% are hyd.rochlorrdes. 4% are chlorides, 2%
are hydrobromides, 5% are bromides, and 2% are iodides, i.e.,
a total of 56% are possible candrdntes for halide analysis.
Many methods exist for the determination of chloride ion
in a variety of media. Most are applicable satisfactorily at
levels of 102-10° M. These are well-documented and include
titration with silver or mercury salts with visual (6, 7) or
potentiometric (8) end-point detection. A wide range of
methods for the chloride ion in biological fluids has been

methanob yclodecen-3-ol hydrobromide, respectively.
H_ oM c("(“":)z "\ /"
OH l‘\
G- CRo.-
775 o
H H CHy
1 o
EXPERIMENTAL

Apparatus. All experiments were perfomed usmg a Princeton
Applied Research Model 174A p graph with a Metrohm E410
hanging mercury drop electrode (HMDE). Voltammograms were
recorded on an Advance Instruments X-Y plotter type LC100.
The three-electrode system was utilized with a platinum wire
auxiliary electrode and a saturated calomel reference electrode
separated from the sample cell via a fritted glass salt bridge tube

saturated p jum nitrate solution. Sample solutions
were stirred using a ‘1-cm bar magnet rotating at 120 rpm.

Accurate additions of standards to samples were made using
a 100-uL syringe micropipet.

Dissolution equipment used was similar to that described in
“United States Pharmacopoeia XI1X", 1975; p 651, using distilled
water as the dissolution medium.

A Beck DB spect rL N 4

trophotometric analysis.

was used for UV spec-
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Reagents. Compounds I and II, named above, were prepared
in Wyeth Laboratories, and purities were checked by thin-layer
chromatography. Both had purities above 99%.

Doubly distilled water was obtained by fractionally distilling
water containing 1 g of silver nitrate and 20 mL of concentrated
nitric acid per liter. The purified water was stored in glass
containers.

Supporting electrolyte solutes were an Analar grade.

Mercurous bromide was supplied by Pfaltz and Bauer,
Stamford, Conn., and mercurous chloride by British Drug Houses
Ltd., Poole, England.

Triply distilled mercury was used in the HMDE.

Pharmaceutical excipients were of pharmacopoeial monograph
grade where such a specification existed for the substance.

Procedure. Mercurous chloride (or mercurous bromide)
saturated supporting electrolyte, 2.5 mL, containing 0.1 M po-
tassium nitrate and 0.1 M nitric acid (prepared as described below)
was added to a 2.5-mL sample (containing up to 2 X 10° M
chloride or 5 X 10 M bromide) in the sample cell. The solution
was degassed by bubbling oxygen-free nitrogen through the
solution for 5 min after which a flow of nitrogen was maintained
over the solution. A five-division mercury drop was dialed on the
working electrode and maintained at a potential of -0.70 V for
5 min. This negative potential preconditioning allowed adsorbed
impurities to be removed from the mercury surface. The potential
was then scanned in a positive direction to +0.35 V for chloride
(or +0.30 V for bromide) and electrolysis performed for 2 min
with stirring followed by a 15-s quiescent period. A potential scan
at 5 mV s towards negative potentials was then employed to
obtain the stripping voltammogram. A reverse scan to the
electrolysis potential was then employed and the electrolysis/
stripping process repeated.

At the end of the second scan, the potential was held at -0.70
V, 0.05 mL of standard solution added (concentrations up to 2
X% 10°* M chloride or 5 X 10* M bromide, depending on sample
concentration) and a reverse scan back to the electrolysis potential
performed wnh surnng, and the electrolysis/stripping process

trations were calculated

as dmnbed later in the text.

Blank scans were run on mercurous halide saturated electrolyte
diluted X2 with distilled water with subsequent standard addition
to determine any blank correction to be made to the determination
of the concentration.

The polarograph was normally operated using the 5-uA current
range, and all experiments were performed at ambient room
temperature (22 °C).

RESULTS AND DISCUSSION

Dc Polarographic Behavior of Compounds I and II.
Anodic waves corresponding to the formation of insoluble
mercury salts such as halides have previously been studied
polarographically (20). Theoretically, the shape of the po-
larographic wave should commence discontinuously and the
half-wave potential is given hy the Nernst equation,

A
PP Y

where the symbols have their usual meaning and (A") is the
molar concentration of halide in solution. However, in
practice, departures from this ideal behavior are seen for
halides with the appearance of a small adsorption prewave
prior to the main wave, due to monolayer salt formation.
Figures 1, a and b, show the anodic waves obtained for
compounds I and I (5 X 10* M in 0.1 M HNO;/KNO,) where
Hg,Cl, and Hg,Br,, respectively, are the products of elec-
trochemical oxidation. In each curve, process 1 represents
the adsorption prewave and 2 the main wave, shifted to more
positive potentials by virtue of the extra resistance to oxidation
imposed by the adsorbed monolayer. The importance of this
monolayer formation and its effect on the application to
stripping analysis is considered below.

For compound I, E:/;'s for the prewave and main wave are
respectively +0.24 and +0.27 V, while the respective values

CURRENT

02

103
04
[}

3 - o =
° ° o ° ° ° °
POTENTIALV.vs.SCE

Figure 1. Dc polarography of § X 10~ M solutions of (a) compound
1 and (b) compound 11 in 0.1 M KNO,/HNO,. 1 represents adsorption
prewave; 2 is the main wave; 3 is the residual current due to the
electrolyte alone

E 4

POTENTIAL V.v8.SCE,

x0=¥ s01 +0°3 +0's

CURRENT

Figure 2. Cyclic votammetry of 5 X 10™* M solutions of (a)
I and (b) compound II in 0.1 M KNO,/HNO;. See text for details

for compound II are +0.10 and +0.13 V in 0.1 M HNO;/
KNO,.

The above work was performed using a conventional
dropping mercury electrode.

Cyclic Voltammetry of Compounds I and II. The
anodic oxidation processes with subsequent reversed stripping
are best demonstrated by cyclic voltammetry at the hanging
mercury drop electrode. Figures 2, a and b, show the volt-
ammograms for compounds I and II; processes 1, 2, and 3
correspond respectively to monolayer formation, bulk de-
position of mercurous halide, and cathodic stripping, while
process 4 shows the oxidation and reduction of the mercury
contained in the hanging mercury drop electrode. Experi-
ments were performed in quiescent solution with a scan rate
of 50 mV s7'. For compound I, potentials were (1) +0.24 V,
(2) +0.27 V, (3) +0.17 V while for compound II, potentials
were (1) +0.12 V, (2) 4+0.13 V, and (3) +0.04 V. Concentrations
of 5 X 10* M in 0.1 M HNO3;/KNO, were used.

The area under the reduction peak is greater than that for
the sum of the oxidation peaks, i.e., apparently @ stripping
is greater than Q deposition where Q represents the quantity
of electricity involved in the process. However the reason for
this is that after processes 1 and 2 the plating process con-



tinues through the remainder of the positive going scan, back
through the negative going scan to the point at which stripping
commences, leading to a concentration of mercurous halide
throughout the sequence 1 — 2 — 4 — 3. This confirms data
presented by other workers (15). Figure 2a, scan 5, shows an
immediate direct scan of 5 X 10* M compound I under similar
conditions, from +0.40 V. The peak is due to the stripping
of Hg,Cl, plated in scanning from +0.40 V to commencement
of stripping. The phenomenon is even more marked for
compound II, where a longer time period elapses between
initial anodic reaction and subsequent cathodic stripping. The
importance of accurate and reproducible timing of electrolysis
and stripping is therefore evident.

This preliminary study indicated the possibility of cathodic
stripping voltammetric analysis using electrolytic plating for
chloride and bromide at potentials more positive than +0.30
and +0.20 V, respectively.

Cathodic Stripping Voltammetry of Compounds I and
I1. Choice of Indicator Electrode for Cathodic Stripping
Voltammetry. Two types of electrode were considered for the
CSV studies, viz., (a) a hanging mercury drop electrode as
described above, and (b) a mercury-coated glassy carbon
electrode (MCGCE). The latter was a Princeton Applied
Research epoxy-sealed electrode supplied with planar im-
pervious “glass” carbon surface (approximate surface area 28
mm?) polished to a mirror finish and subjected to electrolysis
with a 10°® M solution of Hg(NO,),-H,0 at-0.55 V vs. the
saturated calomel electrode.

Stirring was carried out for the 30-min duration of the
electrolysis. Several alternative mercury plating techniques
have been reported previously (21-24). Figures 3, a and b,
show the peak shapes obtained for approximately 10° M
solutions of compounds I and II for each type of electrode.
Although higher sensitivities could be achieved using a plated
electrode, peak shape was better and total analysis time
shorter using the HMDE, so this electrode was used in all
subsequent work.

Efficiency of Electrolysis/Stripping Process. Previous
workers (17) have reported that in 1.8 M sulfuric acid at a scan
speed of 50 mV/s and CI” concentration of 3.3 X 10 M several
scans were required for the complete removal of the plated
compound. Under the conditions of our experiments, we have
not observed such an effect. Repeat scans after identical
plating conditions have given reproducible stripping peaks,
with complete removal of the plated mercurous halide.
However, a much slower scan speed (5 mV/s) is used in the
present work. The effect of scan speed on peak height and
shape is discussed below.

Effect of Scan Rate on Stripping Current and Peak Shape.
Scanning at rates of 2, 5, 10, and 20 mV s™ gave stripping peak
heights in the ratio 14:32:58:75 (10 units = 0.5 pA) at a
concentration of 2.5 X 10 M compound I in 0.1 M HNO,/
KNO; after 1.5-min stirred, 15-s quiescent electrolysis at +0.35
V. Approximate linearity is therefore obtained between scan
rate and peak height up to 10 mV s™'. Recovery of plated
material was shown to be complete at each of these scan rates
by performing replicate electrolyses. Peak shape was improved
the lower the scan rate with 5 mV s providing the optimum
compromise between speed of analysis and sensitivity.

Choice of Supporting Electrolyté. Small amounts of
impurities and surfactants in distilled water have a distinctly
adverse effect on chloride CSV, but affect bromide analysis
to a much lesser extent. For CSV studies it is recommended
that the purification process referred to above, i.e., refluxing
with silver nitrate and nitric acid before final distillation, is
adopted.

A supporting electrolyte of 0.05 M potassium nitrate/nitric
acid (pH 1.5) was chosen after a brief investigation of other
possible combinations, i.e., (a) 0.1 M KNO;/HNO,, (b) 0.1 M
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Figure 3. Comparison cf performances of (1) hanging mercury drop
electrode and (2) mercury-coated glassy carbon electrode for (a

p 1 and (b) comp. IL. C are (1a)3 X 1
M; (2a) 6 X 10°M; (1b) 2 X 105 M; (2b) 105 M in 0.05 M
KNO,/HNO,. Current ranges as shown

HNO;, (c) 0.1 M KNO,;/HNO; in 50% ethanol. Minimum
background current was exhibited by 0.05 M HNO3/KNO,.
This electrolyte contained HNO; to avoid the possible for-
mation of mercury oxides/hydroxide at neutral or alkaline

Although greater sensitivity can be achieved by lowering
the temperature and using an electrolyte containing alcohol
(the solubility of the plated product is lowered), this advantage
is outweighed by losses due to evaporation on degassing and
maintaining an accurate temperature. The use of room
temperature with an aqueous supporting electrolyte was found
to be more practical.

Presaturation of Supporting Electrolyte with Mer-
curous Halide. Electrolytic plating can be achieved only if
(a) the solubility product of the mercurous halide in the
electrolyte is exceeded and (b) the minimum concentration
for salt nucleation and growth is achieved. Below a certain
concentration plating cannot be achieved and this concen-
tration is temperature dependent. Figure 4 shows the de-
pendence of the peak current/sample concentration graphs
on temperature for the stripping of Hg,Cl, produced from
compound I. Limits of detection using a supporting electrolyte
not saturated with mercurous chloride at 0, 19, and 40 °C were
about 5 X 10¢, 107, and 3 X 10 M, respectively.

In order to overcome the problem of minimum threshold
sample concentration for plating, the supporting electrolyte
was presaturated with the relevant mercurous halide and
samples were added to this electrolyte. The effect is shown
for Hg,Cl, in Figure 5. Prior to saturation, a nonlinear
relationship between stripping peak height and concentration
was obtained. After saturation at 70 °C, with subsequent
cooling, additions of chloride ion to this electrolyte led to a
linear graph passing through the origin. For accurate work
near the limit of detection this presaturation process is
considered essential.

The behavior of bromide is similar although the concen-
tration threshold is lower. Presaturation ensures that all
sample concentration is used in plating and none in over-
coming the solubility product and salt growth threshold
problems.

Greater sensitivity is possible in the case of bromide since
the solubility products of Hg,Cl, and Hg,Br; are respectively
1.1 X 1078 and 1.3 X 102 at room temperature (25). Using
mercurous saturated supporting electrolyte, limits of detection
of samples at 22 °C of 10¢ M chloride and 2 X 107 M bromide
could be achieved, approximately an order of magnitude lower
than without presaturation.
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CURRENT (4A)
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CONCENTRATION x10°M

Figure 4. Varlation of stripping current with temperature for compound

1 in the concentration range (1-5) X 10* M in 0.05 M KNO,/HNO;:

(a) 0 °C, (b) 19 °C, (c) 40 °C

CURRENT (LA
Ty,

/
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CONCENTRATION (110 *M)

Figure 5. C stripping of p 1 with electrolyte (0.05 M
KNO;/HNO,) presaturated with mercurous chioride. Electrolyte (a) with
no mercurous chloride; (b) pi cold with %
(c) presaturated at 70 °C with mercurous chloride

The procedure used to obtain accurate concentrations of
halide in the electrolyte was to presaturate 0.1 M HNO,/
KNO; with the relevant halide by heating at 70 °C with excess
mercurous halide for 1 h with stirring, cooling, and testing by
CSV. Generally, supersaturation led to a small stripping peak
being obtained. This supersaturated solution was diluted with
0.1 M HNO3;/KNOj until the peak almost disappeared on
plating/stripping. This diluted solution was then taken as
the supporting electrolyte for subsequent determination of
organic halides, and any slight peak obtained subtracted from
added samples and standards in calculations. Linearity of
sample concentration vs. peak height was obtained using this
presaturated supporting electrolyte technique over the range
10 M to at least 4 X 10® M for chloride and 2 X 107 M to
at least 5 X 10° M for bromide.

In the above work, plating was performed under stirred
conditions with a minimum quiescent period prior to stripping,
as explained below.

Electrode Monolayer Formation and Effect of Stirring
during Electrolysis Step. Under quiescent conditions of
electrolysis the subsequent stripping peak occurs in two
processes, corresponding to the removal of bulk mercurous
halide followed by a more strongly held monolayer. The
phenomenon of monolayer formation has previously been
studied for mercury salts at mercury electrodes by a number
of workers (20, 26, 27). Figures 6, a and b, show the difference
between quiescent and stirred electrolysis of compound I. At
approximately a concentration of 5 X 10 M in qui

CURRENT

w025 T ohs 025 “os
POTENTIAL,V,.vs SCE
Figure 6. Cathodic stripping of compound I: effect of stirring on peak
shape. (a) Unstimed solution: 10-min electrolysis at +0.35 V. (b) Stired
solution:  2-min stirred, 15-s quiescent electrolysis at +0.35 V.
Concentrations are: (a) 0.0, (b) 0.99, (c) 1.96, (d) 2.91, (e) 3.84, (f)
4.75, (g) 5.64, () 6.54, (i) 7.41, (j) 8.26 X 1075 Min 0.05 M KNO4/HNO,

+0.10 V while in stirred solution; only a single peak is pro-
duced at +0.20 V, showing that the less positive monolayer
peak has been eliminated and only a peak due to bulk de-
position is in evidence. A similar though less marked effect
occurs for bromide, where two peaks with maxima +0.15 and
+0.07 V are seen in unstirred solution and a single peak at
+0.10 V in stirred solution, at the 10 ® M concentration level
(electrolyte 0.05 M KNO,;/HNO, for both chloride and
bromide).

For practical analysis, the sample solution must be stirred.
Figures 7, a and b, show the peak current vs. concentration
relationships for chloride in unstirred (less positive peak
measured) and stirred solutions. Linearity is achieved for the
stirred solution, not for the quiescent. Graphs do not pass
through the origin since a nonsaturated supporting electrolyte
was used with the most dilute solutions being below the
threshold level of Hg,Cl, at which plating occurs. Stirring at
120 rpm using a small bar magnet was found to be adequate
for practical purposes.

During electrolysis, a minimum quiescent period is required
after stirring, sufficient only to allow the sample solution to
settle; otherwise distorted type monolayer/bulk stripping
peaks result. Stirring for 2 min followed by a 15-s quiescent
period was found to be ideal.

Effect of Plating Potential. The half-wave potentials for
the anodic waves of chloride and bromide are +0.31 and +0.19
V, respectively, at the 10 * M level, in 0.05 M KNO3/HNO;.
Optimum potentials for electrolysis were shown to be +0.35
and +0.30 V, respectively. An important factor is that for a
particular concentration, electrclysis is carried out on the
plateau of the dc curve since E'/, varies with concentration.
At points on the rising portion, alterations in concentration
would alter the efficiency of electrolysis.

A study of the electrocapillary curve in the chosen elec-
trolyte for both chloride and bromide was undertaken after
problems of easy dislodgment of the hanging mercury drop
occurred at potentials more positive than +0.36 V and more
negative than -1.5 V. Using a normal dropping mercury
capillary, the drop rate was measured against potential, with
the results shown in Figure 8 for supporting electrolyte alone
(0.05 M KNO;/HNO;) and containing 10* M compounds I
and II. Drop time is proportional to surface tension (28) and
with a HMDE the drop is most stable at the electrocapillary
maximum (about —0.5 V). Surface tension falls suddenly
between +0.25 and +0.40 V, explaining the tendency for easy
drop dislodg t above +0.36 V.

solution two peaks are produced with maxima at +0.20 and

Effect of Common Pharmaceutical Excipients. Various
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Table 1.

Effect of the Addition of (a) 500 g and (b) 1 mg of Excipients on the Stripping Currents and Potentials of a 5-

mL Solution of Compound I at a C; ionof 3x 107 M in 0.05 M KNO,/HNO, (9 ug/mL)
before excipient addition after excipient addition
peak current, peak current, u A

excipient HA Ep, ve a b Ep, Vo
lactose USP 2.23 +0.20 2.10 2.00 +0.20
tale USP 2.15 +0.20 2.18 2.18 +0.20
pov:ndone USP 2.08 +0.20 1.50 1.65 +0.19
maize starch BP 2.78 +0.20 2.73 2.58 +0.20
Avicel ) 2.28 +0.20 2.33 2.05 +0.20
Solka Floc 3.28 +0.20 2.88 3.75 +0.21
Amijel 2.75 +0.20 3.00 2.68 +0.17
Celacol 20M 3.00 +0.20 3.28 4.00 +0.16
Amberlite IRP 88 2.45 +0.20 2.75 1.35 +0.20
magnesium stearate USP 2.35 +0.20 2.58 2.55 +0.20
dibasic calcium phosphate 2.10 +0.20 2.10 2.18 +0.20
sodium starch glycolate 2:55 +0.20 >>5.0 >>5.0 +0.20
sodium lauryl sulfate BP 3.45 +0.20 complete signal removal
soft gelatin mix 1 1.80 +0.20 1.43 1.43 +0.15
soft gelatin mix 2 2.75 +0.20 2.55 2.80 +0.14
soft gelatin mix 3 1.73 +0.20 1.98 2.00 +0.15
hard gelatin mix 2.10 +0.20 1.93 1.95 +0.15

¢ Vs. SCE.
Table II. Effect of the Addltlon of (a) 500 ug and (b) 1 mg of Exclplents on the Stripping Currents and Potentials of a 5-

mL Solution of C

before excipient addition

p dII a tration of 3 x 10°* M in 0.05 M KNO,/HNO, (10 ug/mL)

after excipient addition

peak current,

peak current, p A

excipient nA Ep, Ve a b E,, Ve
lactose USP 2.18 +0.08 2.40 2.35 +0.08
talc USP 1.67 +0.08 1.68 1.73 +0.08
povidone USP 2.75 +0.08 2.75 2.58 +0.08
maize starch BP 2.35 +0.08 2.68 2.73 +0.08
Avicel 2.63 +0.08 2.88 2.95 +0.08
Solka Floc 4.30 +0.08 3.75 3.68 +0.08
Amijel 3.10 +0.08 3.75 3.93 +0.05
Celacol 20M 3.25 +0.08 4.25 3.70 +0.08
Amberlite IRP 88 2.35 +0.08 2.93 3.08 +0.07
magnesium stearate USP 3.35 +0.08 3.23 2.95 +0.08
dibasic calcium phosphate 3.05 +0.08 3.13 2.88 +0.08
sodium starch glycolate 2.68 +0.08 >>5.0 >>5.0 +0.20
sodium lauryl sulfate BP 2.65 +0.08 complete signal removal
soft gelatin mix 1 3.38 +0.08 3.95 +0.03
soft gelatin mix 2 3.23 +0.08 4.35 4.63 +0.03
soft gelatin mix 3 2.68 +0.08 2.85 3.63 +0.03
hard gelatin mix 2.60 +0.08 2,75 3.63 +0.03

¢ Vs. SCE.

excipients including fillers, binders, lubricants, and capsule
shells were tested at levels in excess of those likely to be
present compared with drugs and shown to have the effects
shown in Tables I and II for compound I and compound II
at the 3 X 10® M concentration level. In general, peak shapes
were less affected in the case of bromide than chloride, as
expected from previous literature notes on problems with
chloride analysis (13), but no real practical analytical problems
were encountered for either moiety except in the cases of
sodium lauryl sulfate, a strong surfactant which completely
removed stripping peaks from both halides and sodium starch
glycolate which contains chloride as a high level impurity and
completely masks both halide peaks. Slight peak shifts,
usually about -0.01 to -0.05 V were observed for certain
excipients, as detailed in Tables I and II. Overall, excipients
had little effect on the practical application of the method
to tablet and capsule analysis. The procedure was as given
in the Experimental section above.

Comparison of Results by Measuring Both Peak
Current and Quantity of Electricity. Results have been

calculated by two methods: (a) measurements of peak current,
I, (i.e., height of peak from starting current to peak top), and
(b) measurement of area beneath the stripping curve by
graphical triangulation (giving a measure of Q stripping, the
quantity of electricity involved in the process). Since peaks
are very symmetrical, after stirred electrolysis, no advantage
appears to be gained by measuring @ rather than I. Results
of the two methods of calculation are given in Table III.
However, in any experimental situation where quiescent
deposition was required resulting in peaks containing mono-
layer distortions, it is considered that electronic means of
measuring quantity of electricity (integration, coulometry)
would need to be used to obtain concentration dependent
linearity.

Application of CSV to Dissolution Studies and
Comparison with UV Spectrophotometry. Tablets
containing 200 mg of maize starch, 200 mg of Avicel, 200 mg
of Amijel, 4 mg of magnesium stearate, and respectively
nominally 20 mg of compound I (19.6 mg actual) and 16 mg
of compound II (16.4 mg actual) were prepared and dispersed
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Figure 7. Cathodic stripping of compound I: effect of stirring on
I on curve. (a) U solution: 10-min electrolysis at +0.35
V. (b) Stired solution: 2-min stired, 15-s quiescent electrolysis at +0.35
v
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Figure 8. Electrocapillary curves for compounds I and Il in 0.05 M
KNO,/HNO;: (a) electrolyte along; (b) electrolyte + 9.9 X 105 M
compound I; and (c) electrolyte + 9.4 X 10-* M compound II

in the dissolution apparatus described above (containing 1 L
of water at 37 °C) for 30 min. Samples were then withdrawn
for analysis. In the case of compound I no dilution was re-
quired prior to CSV analysis, while sample II was diluted X2
to obtain the optimum concentration. Results for CSV
analysis are shown in Table III and compared with UV
spectrophotometric analysis. For dissolution testing using
spectrophotometry it was required to use 2 tablets of com-
pound I and 5 tablets of compound II per liter to obtain a
concentration sufficient for accurate analysis. Relative
concentration levels of measured solutions are given in Table
III.  Cathodic stripping voltammetry therefore provides
equally accurate results to UV spectrophotometry at a
concentration of an order of magnitude lower, with little loss
in precision.

Detection Limits of Other Polarographic Methods.
Using 0.1 M KNO,;/HNO; as supporting electrolyte, limits
of detection of about 5 X 104 and 10* M for dc and 5 X 10°®
and 10°° M for differential pulse polarography were obtained
for compounds I and II, respectively. Sensitivity is limited
by the difficulty of accurate wave height and peak mea-
surement due to the proximity of the half-wave potentials to
the electrolyte cut-off potential. Stripping voltammetry
therefore offers a great improvement in sensitivity over these
polarographic modes. The anodic oxidation of compounds
1 and II at the glassy carbon electrode has recently been used

Comparison of Stripping Voltammetric and UV Spectrophotometric Results for Dissolution of Compounds I and II from Tablets

Table III.

cathodic stripping voltammetry

UV spectrophotometry

concentration

concentration level

coefficient in

water, m* M™!

molar extinction

level in
voltammetric

concentration of drug in original tablet

concentration of drug in

measured, M

original tablet

cell, M

measurement method b?

measurement method a®

compd

calculated 20.6 mg

calculated 19.7 mg

calculated 19.7 mg

(mean of 10 results)

coefficient of

(mean of 9 results)

coefficient of

(mean of 9 results)

coefficient of

2x 10°° 2174 variation 1.7% 2% 104
(276 nm) actual content

variation of 3.5%
actual content

variation 3.1%
actual content

20.7 mg (99.5% recovery)

calculated 16.6 mg

19.6 mg (100.5% recovery)

calculated 16.0 mg

19.6 mg (100.5% recovery)

calculated 16.5 mg

(mean of 10 results)

coefficient of

(mean of 7 results)

coefficient of

(mean of 7 results)

coefficient of

2.56x 107

variation 1.0%
actual content

2073
(280 nm)

5x 107¢

variation 2.5%
actual content

variation 2.9%
actual content

16.6 mg (100.0% recovery)

16.4 mg (97.5% recovery)

16.4 mg (100.5% recovery)

@ Method a, measuring peak height from starting current to peak top; method b, measuring peak area by triangulation.




for the determination of the compounds in tablets (29).
Sensitivities of about 10 M were obtained; however the
method was not applicable to dissolution studies since a 98%
ethanolic electrolyte was required for the process.
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Pseudopolarographic Determination of Metal Complex Stability

Constants in Dilute Solution by Rapid Scan Anodic Stripping

Voltammetry

Steven D. Brown' and Bruce R. Kowalskl®

Department of Chemistry, University of Washington, Seattle, W

The theory of anodic stripping voltammetry states that at any
deposition potential, the deposition current wlll either be the
limiting current or a fraction of the limiting current, depending
on the deposition potential with respect to the metal deposition
polenllal. By using a compulef conlrollod anodic stripping
ter with aut b tion, pseu-

g can be Ined by ploﬂlng the peak area vs.

IM deposition potentlal for a serles of stripping volt trl

98195

have developed a variety of techmques suited to the as-
t of metal ion in solution. These techniques,

which include visible absorption spectrometry, isotopic ex-
change methods, and, in a few cases, vibrational (Raman)
spectroscopy as well as more exotic methods, have been used
by a variety of groups to study the kinetics of ligand exchange.
For dilute solutions, in the millimolar range, however, these
techniques lack the sensitivity needed to evaluate metal

runs. With ASV as a melhod of ampllﬂcauon. the ligand
number and stabllity st are ined for metal
complexes at atlon ranges expected of natural water
systems. Results for lead and cadmium with chloride and
carbonate are In ! agr t with those of less
sensitive methods used at higher concentrations. No com-
plexation of lead and cadmium was found with glycine at pH
4.68. The structure of arsenic(III) at 1.0 ng/mL In acidic
solutions was determined to be As(OH), using a gold film
electrode. Finally, the speciation of lead In a geoth I water
was examined by pseudopolarography and a shift consistent
with a PbCI* complex was observed.

The evaluation of the complexing properties of metals in
solution has long been of interest to analytical chemists, who

1Present address: Deparunent of Chemistry, University of Cal-
ifornia, Berkeley, Calif.

c lexation. Polarographic techniques based on the shift
of the half-wave potential (E, ;) with ligand concentration were
first used by Heyrovsky (I) and Lingane (2, 3) to investigate
metal complexation in dilute solution; these and similar
determinations via ion-selective electrodes (4, 5) do not extend
to metal concentration ranges below about 10° M. Thus,
neither technique is directly applicable to evaluations of metal
complexation at concentrations approximating those found
in dilute natural waters, typically 10°-1071° M.

To extend the sensitivity of polarography, a number of
techniques have been employed, including differential pulse
(6,7 and square wave polarography (8, 9), various alternating
current p hy-based techniques (10-12), and stripping
voltammetry (13 18), but these technqluea have not seen
extensive use in studies of metal plexation in dilute natural
waters.

Most recent work has been aimed at the classification of
metal complexation in natural waters. A number of schemes
(13-15) based on anodic stripping voltammetry have been
developed to classify metal complexes as “free” or “bound”.
Florence (16-18) has devised a system which classifies metal

0003-2700/79/0351-2133§01.00/0 © 1979 American Chamical Soclety
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complexes as (1) free ions, (2) ASV labile complexes, (3)
dissociable complexes, (4) nondissociable complexes. These
systems have been called “coarse” speciation (19).

Direct identification of the metal complex in dilute solution
via determination of the ligand number and complex stability
constant has only been attempted quite recently, and most
studies have used relatively large metal concentrations
compared to levels found in dilute natural systems. This
“fine” speciation (19) has not involved ASV, because many
runs are needed to establish peak shifts, and ASV peak
positions are known to be sensitive to factors such as ionic
strength and scan rate (20).

Because metal reduction has been demonstrated to be
sensitive to metal complexation through changes in the
amount of metal deposited as a function of deposition po-
tential (21), coupling reproducible plating at various potentials
with a sensitive ASV technique will allow measurements of
deposited metal charge (or, here, as peak currents derived from
the ASV stripping peak) as a function of deposition potential.
Two recent papers use linear scan ASV in this fashion (22,
23) to obtain stability constants in dilute solutions. We report
here the application of this technique to thin, glassy car-
bon-supported mercury and gold films using rotating disk
electrodes and minicomputer-controlled background-sub-
tracted anodic stripping voltammetry. The system is capable
of generating automated @ vs. E4 plots, called pseudopo-
larograms, with either linear scan or staircase stripping ASV.
We also describe the theoretical basis of the technique.

THEORY

At any deposition potential Ey, the deposition current i(t)
is given by either the limiting current of the deposition process
at the rotating disk electrode, or some fraction thereof. For
constant plating time, the material deposited also will vary
with Ej, and the individual stripping steps will merely analyze
the material preconcentrated in the electrode.

For a rotating disk electrode, the instantaneous current i(t)
is given by:

nFAD,
it) = [Cox Cox(0,t)] (1)

where Cox° is the bulk concentration of analyte ion, Cox(0,t)
is the surface concentration of analyte ion at time ¢, § is the
thickness of the diffusion layer, and the other symbols have
their usual meaning.

De Vries and Van Dalen (24-26) have shown for thin
mercury film electrodes the surface activity of the amalgam
as a function of plating time is:

i) 1
nFA (1 * 3Dm) &

Here ¢ is the plating time and [ is film thickness; this equation
is suitable for ¢ 2 20 s.
For an electrode process

i(t) = nFAlknCox(0,t)v0 — kywCrep(0it)yrl  (3)

where kg, and ky,, are the forward and backward hetrogeneous
rate constants for the metal reduction. Combining Equations

1-3 yields:
~ i(t)éox
nFADgyx
3D ) @

kynyd(t)
Since we desire charge, we integrate Equation 4 with respect
to time to get:

Crep(0,t) =

i) = ﬂFAkm‘Yox(Q)x"

kfn50x

(QuM Q)vox - kbh(é 3DRED)Q‘Y' (5)

where

‘ ‘nFACox®
Qum = J; ipmdt = f i Doxdt  (6)

0

t
Q= f ivdt Q)
Rearrangement of Equation 5, and substitution of
kfn = kﬂxo e(»anI"/R’I)Ed (8)
and
Fyn nF &
5 exp {R_T(Ed - E°) 9
gives
RT Qum - @
o PO 2 M )
E,-E oF In [( Q )
Dox RT dox
bk o exp(anFEd/RT)] F 1 Doy _

) (1)
TR nF 3Dgg;
where a(Ejy) is the transfer coefficient for the reduction and
k° is the heterogeneous rate constant for reduction at E°.
Equation 10 is the general equation for the pseudopo-
larographic reduction and stripping of a free model ion under
quasi-reversible conditions. Various techniques including ASV
(27) and stripping chronoamperometry (28) can be used to

strip the metal ions out of the film and monitor the charge,
so this and subsequent equations are left in terms of charge,
rather than peak stripping current.

When k° — «, the reaction at the electrode surface is
reversible and Equation 10 reduces to:
Ed_E,=le,,(M)+

Q
RT doxYox RT 1 t
=l | = In (11
nF " (Doxym,) (31) 21) i)
Equation 11 is similar to that obtained by Zirino and
Kounaves (29), but differs from their result as we use the exact
expression for C, and integrate.

For complexes, we consider the equilibria:

Mt + L = ML** (12)
ML" + L = ML,

ML + L = ML}’

where complex formation is presumed rapid and reversible,
and the stability constant g; is defined as:

ML) v,
[M™][LY  vm7e

Using the method of DeFord and Hume (30), which presumes
only M™* is reducible, all Dox = D, excess L, and all activity

B; = (13)



constants do not vary with distance from the electrode,
Equation 14 is obtained for a quasi-reversible system:

L LRT Qum-@Q
E;=E° + nFln[(T)+
D ¥ ﬂl-[L]l'yf,-) e‘nnF/RT)E‘] =

k%dox =0 T™L,
RT In 7D 1
nF Box 21 3Dren ) |~
RT BilLIy
== ln[E’(T (14)

For reversible cases, this is reduced to:

Ey=Ey+ 2L (—Q”Z“Q)—R—Tlnw (i+

1 ) RT | BLY
e == 1n
3Dgep ) nF o ™ML

RT D (¢ 1
In— |-+ -
nF " sox \ 2l 3Dgen

RT ﬂ,[L] v
nF

from which:

E*\ 5, comp = Eg -

M=

(16)

5

results. For constant values of I, éox, 7,, and ¢:

AE*\ ), = (E*, )y, free —E*, 5, comp) =
RT D RT | & ( BlLFv?
==l === +—
nF " (Do i F [,go ( T™L,
an
or, for a single complex with vy =~ ya, D = Dox
RT .RT
AE* ), ~ ﬁln B+ "—FlnaL (18)

where ay, is the ligand activity.

Equation 17 is exactly analogous to that obtained by
DeFord and Hume for polarographic reduction of metal
complexes where many complexes are possible, and Equation
18 is analogous to the Lingane equation (3), suited for analysis
of single complex systems. Thus, plots of AE*,), vs. A, provide
metal complexation information through analyses similar to
those used in classical polarographic studies.

Here, because stripping peak heights are directly pro-
portional to total charge (26), we use ASV peak heights in our
evaluations of E*, ;.

Davison has examined (31) the limitations on conventional
polarographic and voltammetric schemes used to monitor
speciation, and finds for conventional ASV that, for a kinetic
current equal to 10% of the limiting current:

B%[L] - 6
Q= B ST (1 + B[LDY?*= (19)

where k&, is the second-order rate constant for the rate of
substitution of the active form of the metal, here M"*. For
D =10 cm?s™, Q values of 10*-10° result for 5 between 10
and 102 cm. For ligand concentrations in the 10 M range,
and for k; = 10° L mol™ s, limiting 8 values of about 10° are
obtained.
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The same argument can be applied to the pseudopolaro-
graphic determination of stability constants, since the
technique relies on the measurement of charge passed during
the plating period. There are some differences, however.
Because plating times should be kept short, to avoid altering
the composition of the solution, normal ASV with long plating
times cannot be used, as serious metal depletion results. With
the ASV method using background subtraction, sensitivities
are such that a 5-min plating period allows detection of pg/mL
levels of metals (27); this allows the observation of small
kinetic currents, approximately 1% of the diffusion current
in the absence of complexer. The 8 values easily observable
would then extend to about 107 for ligand concentrations in
the 10 M range. The precision of the determination suffers
slightly here, though, with kinetic currents on the order of 1%

_ of the diffusion currents, because the entire pseudo-polaro-

gram is simply reduced in height proportionally, making the
error in determining the half-wave potential somewhat larger.
The possibility of decreasing the rotation rate, thus increasing
8, also exists.

EXPERIMENTAL

Equipment and Apparatus. The rapid-scan, background-
subtracted ASV apparatus described in ref. 27 was used for these
studies. Modifications were made to the software to allow a
sequence of scans to be performed automatically, with each run
differing by a fixed value in the plating potential, but otherwise
having identical parameters. Runs were stored sequentially on
the disk to allow easy processing.

Measurements of pH were made with a Beckman 4500 digital
pH meter, calibrated with pH 4.008 solution.

Electrodes and Cell. Both mercury and gold film electrodes
were used in this study, the gold electrode being used for studies
of arsenic speciation. Preparation of the electrodes has been
discussed (27). A saturated KNO; bridge was used between the
SCE reference electrode and test solution to avoid contamination
of the solution with trace amounts of complexer. The cell (27)
was cleaned thoroughly with 5 N citric acid between runs to avoid
any transfer of complexer. This is particularly necessary in the
case of arsenic, as arsenic species strongly absorb on the cell, and
later interfere.

Reagents. The standards used in the work reported in ref.
27 were also used as standards for this work. Arsenic standards
were prepared by dissolving ultrapure As;0; (Alpha) in ultrapure
NaHCO; (Baker) and adjusting the pH with Ultrex HCL

Dilute perchloric acid (0.1 N) was made by diluting the reagent
grade acid (Mallinckrodt) with distilled water. Dilute sodium
hydroxide (0.3 N) was made from reagent grade pellets (Mal-
linckrodt) and distilled water.

The ionic strength of all solutions was adjusted with KNOg
solutions.

Trace metal content of solutions was adjusted by addition of
100 mL of 1-2 ug/mL standards. The transfer was performed
with Eppendorf pipets.

Procedure. Data Acquisition. A series of solutions of ligand
was prepared from the stock solution of the ligand. These so-
lutions were spiked to obtain a final trace metal content of 1-5
ng/mL, the ionic strength was adjusted with KNO; and the pH
with either HCIO, or NaOH.

A portion (75 mL) of each solution was subjected to analysis
by the pseudopolarographic process. This consisted of a 5-min
deaeration of the solution, with rotation of the preplated electrode,
after which a series of ASV experiments was performed on the
solution, each at a different plating potential. The ASV run
consisted of plating for a specified time, usunlly 150 s, at the
deposition potenual. The potential is swi d to the rest p 1|
when 2 s remain of plating time. Stirring ata specxﬁed rate was
performed until 15 s of plating time remained, after which the
solution was allowed to become quiescent before the scan. A single
scan, using either the linear ramp or staircase waveform, was then
performed, using multiple point averaging (typically 16 points).
Stirring at the cleaning potential was then performed for 20 s.,
after which a 10-s qui perod was provided. With 2 s re-
maining, the potential was again switched to the rest potential,
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Table L. _Shift of £%, , with Chloride
o wikn

tration for C:

E*, [cr] log [CI"]
-746+ 6 0.0050 -2.3
-768+ 6 0.010 -2.0
=776+ 5 0.060 -1.3
-7891 5 0.10 -1.0
-725+ 5 0 -

% 1=0.10, pH 5.00.

Table II.  Shift of E*,,, with Chloride
Concentration for Lead?

E* ), [crj log [CI"]
-480t 5 0.005 -2.3
-485+ 5 0.01 -2.0
-495: 5 0.05 -1.3
-499: 5 0.1 -1.0
-475 5 0 o

¢ 1=0.10, pH 5.00.

and another scan, exactly like the first, was used to monitor the
background. Current measurements were subtracted, point by
point, and the result was plotted on the Tektronix 4012 screen,
and stored on disk. The deposition potential was redefined, and
another run was automatically performed, exactly like the first,
but at a different deposition potential. This process was con-
tinued, until a specified number of runs was performed. The
resultant file of ASV runs could be used to generate a pseudo-
polarogram for each peak present in the voltammogram. A
pseudopolarogram run, like that described above, was performed
for each solution. The electrode film was maintained between
solutions to ensure that uniform conditions applied within a series
of runs; it was washed with distilled water between analyses of
different solutions to prevent carryover of ligand.

Data Reduction. The ASV peak heights were measured with
an interactive graphics routine. The potentials and peak heights
were plotted for each solution, resulting in a series of pseudo-
polarograms for each metal.

Because for ASV the peak current is directly proportional to
charge stripped, the pseudopolarograms were examined for re-
versibility by plotting the deposition potential E, vs. log [(if, -
i) /i), where the limiting current, i1, was estimated from the top
of the step-shaped wave, and i was the peak current monitored
for the metal of interest on the ASV run where the deposition
potential Ey was used. A straight line, with slope of approximately
59.1/n mV resulted for a reversible system; nonlinear relationships,
or slopes drastically different from the 59.1/n value expected,
were treated as irreversible systems.

‘or ible sy , the least sq best estimate was used
to calculate E*,; from log [(i,, ~ i)/i] = 0. The error in this value
is estimated at 1% relative. For irreversible systems, estimates
were made of E*, , by extrapolating the foot of the wave upward,
estimating the limiting current, and evaluating the potential for
a current value equal to one-half the limiting current. The error
in this value is somewhat larger, about 3-5% relative.

Values for E*,/, (or E*',;4) were then plotted vs. the log of
ligand concentration, and the slopes of the resultant linear re-
lationships were evaluated via linear regression analysis.

Intercepts were also calculated. The errors in E*, /2 were used
to obtain an estimate of the errors in the ligand number, p, and
the stability constant, log g, calculated from the slope and in-
tercept, respectively. The more exact method of DeFord and
Hume (30) as modified by Varga and others (32, 33) was not used
here, as the scope of such a study (which would require at least
10-20 pseudopolarograms) was beyond this work, whose intent
is to demonstrate the feasibility of the technique. Instead, the
simpler method of Lingane (2, 3) was used. Future experi-
mentation, involving sufficient runs to use the DeFord and Hume
procedure, is planned.

RESULTS AND DISCUSSION

Cadmium and Lead Complexation by Chloride. A series
of KCl solutions of fixed 0.10 M ionic strength and pH 5.00
were examined with the pseudopolarographic technique. A
staircase scan with 7 = 10.0 ms was used in the ASV runs, with
1560-s plating times used for deposition. Twenty ASV ex-
periments, differing in plating potential by 40 mV, were run.
The rest potential was -1200 mV (SCE) and the plating
potentials ranged from —1000 to -200 mV (SCE). Both the
Pb and Cd pseudopolarograms were observed to behave
reversibly, with slopes from -30 to -33 mV (theoretical -29.8
mV). Table I lists the E*,, values obtained for cadmium as
a function of chloride concentration. From the table, a

Table III. Comparison of Results for Cadmium and
Lead Chloride Species

metal P 1 logg ref.
Cd 1 1.0 1.7-2.2 54
Cd 1 0.1 3.2 this work
Pb 1 0.1 1.0-1.6 54
Pb 1 0.1 1.4 this work

Table IV. Shift of E* ,, with Carbonate
Concentration for Lead®

E* [HCO,’] log [CO,™] [CO,7]
-623+¢5  52x 107 -1.02 0.095
-595+5  26x 107  -1.3 0.047
-551+5  52x10°  -20 0.0095
-545+5  26x10°*  -23 0.0047
-501:+5 0 -

¢1=0.1, pH 7.87.

least-squares fit gives a ligand number p of 1.1 £ 0.1 and an
equilibrium constant of log 8 = 3.2 + 0.2.

For lead, shifts were much smaller, as shown in Table II.
From the table, a least-squares fit gives a ligand number of
0.7 & 0.2 and a stability constant of log 8 = 1.4 + 0.3. Values
for the lead—chloride system are much less precise because
of the small shifts, combined with the error in locating E*, ;.
More ASV runs would better define the curve, and better
locate E*,, values here, resulting in less error.

Results here agree reasonably well with previous literature
values, as shown in Table IIL

Cadmium and Lead Complexation by Carbonate. A
series of Na,COyj solutions at pH 7.87 were prepared with fixed
ionic strength (0.1 M) by addition of KNOz. Metal con-
centration was nominally 2 ng/mL for both Cd and Pb. An
experiment, identical to the one used for the chloride studies,
was performed. Neither the Cd, nor the Pb polarogram was
totally reversible, slopes being greater than -38 mV.

Table IV lists the shifts in the half-wave potential for lead.
Using these values, a ligand number of 0.9 % 0.1 and a stability
constant of log 8 = 6.1 £ 0.1 may be calculated.

It should be noted that a plot of E*,;; vs. log [HCO,47] also
gives a linear relation, with a slope indicating a ligand number
of 0.9 as well. Stumm (34) has shown, however, that all
reported bicarbonate complexes may be better interpreted as
carbonate complexes. Thus, the data reported here are re-
garded as indicative of carbonate, rather than bicarbonate
species.

Results for lead agree quite well with published values, as
shown in Table V.

Results for cadmium are listed in Table VI. The observed
shifts are quite small, within even the error attributed to the
assignment of E*;, At this pH, cadmium is apparently not
signficantly complexed by carbonate. Similar results were
obtained by differential pulse polarography and ASV of more
concentrated Cd-CO;* systems (35). CdCO; was observed
at higher pH values, however (34).

Cadmium and Lead C: lexation by Glycine. A series
of solutions of glycine, adjusted to pH 4.68, was made up, again




Table V. Comparison of Results for Lead
Carbonate Species

method 1 Pb¢ pH logg  ref.

ASV 0.1 200 7.3-10.3 6.4 34
DPP 0.1 200-50 5.0- 9.1 6.1 34
polarography 1.7 20000 10.9 8.2b 55
DPASV 0.1 500 - 6.3 56
cyclic

voltammetry 0.7 10 7.2 6.21 57

pseudo- 0.1 2 7.87 6.1 this
polarography work

% In ng/mL. ° Value is log g,.

Table VI. Shift of E* ;. with Carbonate
Concentration for Cadmium®

E*ps [CO,*]
~-7281+ 5 5.2 x 107
-722 ¢ 5 2.6 x 1073
-726+ 5 5.2x 107"
-725: 5 2.6x 10
-720: 5 0

41=0.1, pH 7.87.

Table VII. Shift of E*,/, with Glycine Concentration
for Cadmium and Lead®

E*,;, (Cd) E*,;, (Pb) [glycine]
~720+ 5 -537+5 0.005
~71515 ~-539: 5 0.01
-715:5 -539:5 0.05
-715:+ 5 -545+ 5 0.1
715+ 5 537+ 5 0

¢1=0.1, pH 4.68.

with a total ionic strength of 0.1 M. Pseudopolarographic
analysis was performed as described previously, using the same
conditions as before. Table VII shows the shifts in E*,, for
Pb and Cd as a function of the glycine concentration. Again,
shifts are within the error of the experiment, and no com-
plexation has resulted for either the Pb or the Cd. The
interaction of glycine with Pb and Cd has been studied by
ASV and DPP analysis of more concentrated solutions, where
no complexation of Cd or Pb was observed (35), although
glycine complexes of Cd have been claimed (36), but this work
is in question (37).

Structure of Arsenic(III) in Aqueous Solution. Arsenic
has received a considerable amount of attention in the past,
primarily owing to the analytical difficulties associated with
its relative insolubility in mercury (38, 39). A variety of
electrochemical techniques have been applied in efforts to
improve the detection limit values for arsenic analyses (40-46).
No concerted effort has been applied to studies of As spec-
iation in dilute solution using electrochemical methods,
however. Recent advances in the field, brought about by the
use of gold wire (43) or gold film (47) electrodes combined with
ASV, suggested that an attempt was feasible.

A solution of As(III) in 0.1 M KNO; was prepared. The
pH was adjusted to a series of values with dilute HCIO, and
dilute NaOH. The nominal As concentration was 1.0 ng/mL.
The effects of pH on the E*,, value for the As stripping peak
on an Au film electrode were briefly investigated by obtaining
pseudopolarograms for As at several pH values.

The pseudopolarograms were obtained using 300-s plating
time, followed by background subtracted staircase ASV, with
a step height of 3.66 mV and a delay time of 16.7 ms. Total
scan time was 5s. It was observed here that linear scan ASV
gave much poorer peaks as well as less effective removal of
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Figure 1. Pseudopolarogram for arsenic on gold

Figure 2. Sequence of runs used to generate pseudopolarogram

\

Figure 3. Dependence of arsenic peak on pOH

background, while for other pseudopolarograms, little dif-
ference (other than sensitivity) was observed. The same film
was used for all runs. Plating potentials varied between —200
ms and +300 mV vs. the SCE, with a rest potential of -200
mV (SCE). Solution volumes were 75 mL.

A typical pseudopolarogram obtained at pH 2.85 and 1.0
ng/mL As(IIl) is shown in Figure 1. The sequence of ASV
runs generating this pseudopolarog is depicted in Figure
2, where the decay in p