Our cover, in honor of the Silver
Anniversary of the Pittsburgh Con-
ference on Analytical Chemistry
and Applied Spectroscopy, pre-
sents a reproduction of an oil
painting of the Golden Triangle of
Pittsburgh, Pa., in the early 1950's.
The artist is Adriaan van Hoften, a
native of Rotterdam, Holland, who
came to the United States in 1947.
He studied at the Academy of
Science and Fine Arts at Rotterdam
and the Royal Academy in London
and especially enjoys painting
portraits and landscapes. Adriaan
van Hoften has been exhibits
manager for Varian Associates for
the past 11 years. This painting of
Pittsburgh was commissioned by
the Pittsburgh Conference officials
to celebrate their 25th year and is
used on our cover with their kind
permission.

The Golden Triangle, which is
symbolized also in the Pittsburgh
Conference official seal, denotes
the coming together of the
Allegheny and Monongahela Rivers
to form the Ohio River. The bridges
portrayed are no longer in exis-
tence but have been replaced by
new structures. The remains of Fort
Pitt, important in Revolutionary
days, are located in the area. Fea-
tures of a modern view of the
Golden Triangle area would include
a park and the vastness of Three
Rivers Stadium.

The Pittsburgh Conference took
place in Pittsburgh until 1968 when
it moved to Cleveland to take ad-
vantage of the improved facilities
offered by the Cleveland Conven-
tion Center. Many of us still speak
of going to Pittsburgh when we
really mean going to Cleveland for
the Pittsburgh Conference, and the
light hearted speak of "'Cleve-
burgh.” The name of the Confer-
ence remains the same, and the
original analytical and spectroscopy
groups from Pittsburgh still plan
and carry out the Conference in
Cleveland.
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It's no longer a mystery! Finally,
there is a rapid, direct method for
arsenic determinations down to the
nanogram levels which can be per-
formed in your laboratory on a rou-
tine basis, without any awkward-to-
use accessories — just our standard
anodic stripping voltammeters.

If arsenic determination, linear over
a concentration range of from 20 to
400 ppb, is of interest, please call or
write ESA for further information,
or visit us in Booths 702 and 704 at
the Pittsburgh Conference.
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Determination of Lead in Atmospheric Air and In
Aluminum by Helium-3-Induced Nuclear R

A new method using 3He activation analysis is developed

to determine trace concentrations of lead. The limits of
detection extend to about 0.5 ppb.

Bahman Parsa and Samuel S. Markowitz, Depnnment of
Chemistry and 1 Berkeley Lab y, Uni y of Cali-
fornia, Berkeley, Calif. 94720 Anal Chem 46, 186 (1974)

Quantitative Analysis of Light El (Nitrogen,
Carbon, Oxygen) in Sputtered Tantalum Films by
Auger Electron Spectroscopy and Secondary lon
Mass Spectrometry (SIMS)

SIMS detection limits for O and C are in the ppm range
and for N in the 0.1 at. % range. Auger detection limits
are in the 0.3-0.4 at. % range.

J.M. Morabito, Bell Telephone Laboratories, Inc., Allentown,
Pa. 18103 Anal. Chem., 46, 189 (1974)

X-Ray Photoelectron Spectroscopic Studies of
Palladium Oxides and the Palladium-Oxygen
Electrode

ESCA studies of oxidized palladium metal surfaces reveal
the presence of chemisorbed oxygen atoms and PdO. This
approach verifies the presence of PdO and PdO; on elec-
trochemically oxidized palladium electrodes.

K.S.Kim, A. F. Gossmann, and Nicholas Winograd, Depart-
ment of Chemistry, Purdue University, West Lafayette, Ind.

47906 Anal. Chem., 46, 197 (1974)

Correction of Inner Filter Effects in Fluorescence
Spectrometry

An analytic expression for correcting data from front-sur-
face spectrofluorometry is obtained.

V. Alan Mode and D. H. Sisson, Lawrence Livermore Laborato-

ry, University of California, Livermore, Calif. 94550
Anal. Chem., 46, 200 (1974)

Nondispersive Soft X-Ray Fluorescence
Spectrometer for Quantitative Determination of the
Major Elements in Rocks and Minerals
An instrument is described which provides determinations
of the elements from O to Fe with 1-2% reproducibility
and accuracy for elements present at the 1% level.
A.J. Hebert and Kenneth Street, Jr., Lawrence Berkeley Labo-
ratory, University of California, Berkeley, Calif. 94720

Anal. Chem., 46, 203 (1974)

Automatic Correction System for Light Scatter in
Atomic Fluorescence Spectrometry

The method described is applied to the determination of
0.11 and 0.26 ug Cd /gram in SRM’s Orchard Leaves and
Liver, respectwely, without any prior separation or pre-
concentration.

T.C. Rains, M. S. Epstein, and Oscar Menis, Analytical
Chemistry Division, National Bureau of Standards, Washington,
D.C. 20234 Anal. Chem., 46, 207 (1974)
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Inductively Ci Optical Emission
Analytical Spectroscopy. Tantalum Filament
Vaporization of Microliter Samples

One set of operating conditions suffices for the determina-
tilon of many elements at the ng/ml level in 100-ul sam-
ples.

David E. Nixon, Velmer A. Fassel, 1 nd Richard N. Kniseley,
Ames Laboratory—USAEC and Department of Chemistry, lowa
State University, Ames, lowa 50010 Anal. Chem., 46, 210 (1974)

Mode-Locked Laser Raman Spectroscopy—A New
Technique for the Rejection of Interfering
Background Luminescence Signals

A technique for rejection of background using a mode-
locked Ar ion laser and single photon timing detection is
described. Experimental signal-to-noise ratio is compared
with theoretical predictions.

Richard P. Van Duyne, David L. Jeanmaire, and D. F. Shriv-
er, Department of Chemistry, Northwestern University, Evans-
ton, [ll. 60201 . Anal. Chem., 46, 213 (1974)

Information Content of Mass Spectra as Determined
by Pattern Recognition Methods

Predictive ability increases in the order Sum Spectra <
Binary Spectra < Normalized Sum Spectra < Nonlinear
Transform = Learning Machine < Nearest Neighbor.
J.B. Justice and T. L. Isenhour, Department of Chemistry,
University of North Carolina, Chapel Hill, N.C. 27514

Anal. Chem., 46, 223 (1974)

Analysis of the Polychlorinated Biphenyl Problem.
Application of Gas Ct graphy-Mass
Spectrometry with Computer Controlled Repetitive
Data Acquisition from Selected Specific lons

Data acquisition from subsets of the ions used in conven-
tional mass spectrometric scans makes increased sensitivi-
ty possible without loss of the qualitative information
contained in the complete mass system.

James W. Eichelberger, Lawrence E. Harris, and W. L.

Budde, Environmental Protection Agency, National Environmen-
tal Research Center, Analytical Quality Control Laboratory, Cin-
cinnati, Ohio 45268 Anal. Chem., 46, 227 (1974)

Determination of the Noble Metals in Geological
Materials by Neutron Activation Analysis

Au, Ru, Pd, Os, Ir, and Pt are determined using thermal
neutron irradiation, selective adsorption of the noble

metal group on ion exchange resin, and high resolution
gamma spectrometry.

R. A. Nadkarni and G. H. Morrison, Department of Chemistry, '
Cornell University, Ithaca, N.Y. 14850 Anal. Chem., 46, 232 (1974)

Instrumental Neutron Activation Analysis for
Mercury in Dogs Administered Methylmercury
Chloride: Use of a Low Energy Photon Detector

Instrumental Hg analysis based on !®7Hg in central ner-
vous system tissues achieves greater sensitivity and speci-
ficity with a thin Ge(Li) low energy photon detector than
with a conventional large volume Ge(Li) detector. .

Melvin H. Friedman, Eugene Mlller. and Jnmu T. Tlnur.
Bureau of Foods, Food and Drug Admini
D.C. 20204

Anal. Chem.. 46, 236 (1974)
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5 input spans

x-y and strip chart recorders

If you want one pen or two . . . for GC or spectrome-
try ... for thermo-couple or strain gauge... the
Omnigraphic recorder with options will give you a
full range of inputs combined with operational con-
veniences. Consider switching to Omnigraphic re-
corders . . . built by The Recorder Company.

27-plug-in modules for
virtually every labhoratory
function make this the
most versatile recorder

$990

Model 5220-5 two pen
recorder with electric pen
lift, 2.5, 5. 10, 20 cm/min.

chart speeds and 5 input
spansof 1 mv up.
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OmniScribe.
strip chart recorders

Here's the newest low cost strip chart recorder from
The Recorder Company. And when you compare
the costs with the performance you'll understand
why it pays to buy from a company whose entire
resources are devoted to building and servicing the
finest laboratory recorders in the world. Mail for your
copy of the OmniScribe brochure today.
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PANY INSTrument
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(713) 667-7403 CABLE HOINCO Twx: 910-881-5782
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Determination of Trace Elements in Coal, Fly Ash,
Fuel Oil, and Gasoline—A Preliminary Comparison
of Selected Analytical Techniques

The wide range in interlaboratory comparisons for trace
elements points out the need for standard reference mate-
rials for use in analytical methods evaluation and quality
control.

Darryl J. von Lehmden, Robert H. Jungers, und Robert E.

Lee, Jr., Quality A: and Envir ing Lab-
oratory, I\alwnal Environmental Research Cenler. Research
Triangle Park, N.C. 27711 Anal. Chem.. 46, 239 (1974)

lon Electrode Based Enzymatic Analysis of
Creatinine

An analytical method for creatinine, based on the use of
the enzyme creatininase and an ammonia membrane elec-
trode, is tested.
Huvin Th and G. A. Rechnitz, Department of Chemis-
try, State University of New York, Buffalo, N.Y. 14214

Anal. Chem., 46, 246 (1974)

Serum Protein Monitoring and Analysis with lon-
Selective Electrodes

Potentiometric methods are proposed for the characteriza-
tion and determination of serum proteins based on the use
of a silver sulfide membrane electrode to measure protein-
silver ion interactions.
P.W. Alexander and G. A. Rechnitz, Department of Chemistry,
State University of New York, Buffalo, N.Y. 14214

Anal. Chem., 46, 250 (1974)

Glass Electrode Responses Interpreted by the Solid
State Homogeneous- and Heterogeneous-Site
Membrane Potential Theory

The new solid state theory is used to fit experimental so-
dium, lithium, and hydrogen ion responses of five pH
glasses and a sodium-selective glass at temperatures from
6t055°C.
Richard P. Buck, John H. Boles, Robin D. Porter, and Jeffrey
A. Margolis, The William Rand Kenan, Jr., Laboratories of
Chemistry, University of North Carolina, Chapel Hill, N.C. 27514
Anal. Chem., 46, 255 (1974)

Determination of Antimony Using Forced-Flow Liquid
Chromatography with a Coulometric Detector

‘The electrocatalyzed oxidation of Sb(lII) is used for the
determination in the effluent of a liquid chromatograph.
The detection limit for the separation and determination
is approximately 1 nanogram.
Larry R. Taylor and Dennis C. Johnson, Department of Chem-
istry, Iowa State University, Ames, lowa 50010

Anal. Chem., 46, 262 (1974)

Characterization of Heavy Residual Fuel Oils and
Asphalts by Infrared Spectrophotometry Using
Statistical Discriminant Function Analysis

Discriminate function analysis of transformed IR mea-
surements yields a more precise method for the character-
ization of heavy residual products of petroleum and shows
excellent promise for their identification.
F.K. Kawahara, J. F. Santner, and E. C. Julian, U.S. Envi-
ronmental Protection Agency, National Environmental Research
Center. Analytical Quality Control Laboratory, Cincinnati, Ohio
45268 Anal. Chem., 46, 266 (1974)
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Molecular Interacti of Asphalt: An Infrared Study
of the Hydrogen-Bonding Basicity of Asphalt

Asphalts exhibit a strong hydrogen-bonding basicity

toward phenol which increases upon air oxidation. Evi-
dence suggests the occurrence of molecular aggregation
within asphalt via hydrog

R.V. Barbonr and J. C. Petersen, Lammle Energy Research
Center, Bureau of Mines, U.S. Department of the Interior, Lara-
mie, Wyo. 82070 Anal. Chem., 46, 273 (1974)

Determination of Total Mercury in Air by Charcoal
Adsorption and Ultraviolet Spectrophotometry

Total mercury in air is collected effectively on charcoal,
pyrolyzed, purified by amalgamation, and detected by UV
absorption. Precision and accuracy is greater than 95% at
concentrations of 0.15 to 1.5 ug/m3.

Frank P. Scaringelli, John C. Puzak, Berne I. Bennett, and
Robert L. Denny, Quality Control Branch, Quality Assurance

and Envi al Monitoring Lab y, National Environ-
mental R h Center, Envi ] Protection Agency, Re-
search Triangle Park, N.C. 27711 Anal. Chem., 46, 278 (1974)

Notes

Informing Power of a Chromatographic Method and
Its Use as a Quality Criterion

Informing power is a more fundamental quantity than res-
olution and is not limited to two-peak separations.

D.L. Massart and R. Smits, Pharmaceutical Institute, Vn)e

Uni i Brussel, 67, Paard raat, B-1640 Sint G

Rode, Belgium Anal. Chem., 46, 283 (1974)

Thin Layer Chromatographic—
Spectrophotofluorometric Analysis of Amphetamine
and Amphetamine Analogs after Reaction with 4-
Chloro-7-Nitrobenzo-2,1,3-Oxadiazole
Amphetamine is assayed at concentrations of 0.1 ug/ml
blood and 1 ug/ml urine as a NBD derivative with a pre-
cision of about 6% relative standard deviation.
Francois Van Hoof and Aubin Heyndrickx, Department of Tox-
icology, State University of Ghent, Ghent, Belgium

Anal. Chem., 46, 286 (1974)

Rapid, Sensitive Gas-Liquid Chromatographic
Screening Procedure for Cocaine

This test employs an acylated derivative and can deter-
mine cocaine concurxently with amphetamine and
methamphetamine using GLC and an electron capture
detector. Sensitivity is 20 ng/ml.

J. W.Blake, R. S. Ray, J. S. Ni and P. W. Murdick
Equine Research Center, Ohio State University, Columbus, Ohio
43210 - Anal. Chem., 46, 288 (1974)

Dual-Load Porous-Layer Open Tubular Gas
Chromatography Columns
Under suitable conditions, dual-load porous-layer tubular

columns perform up to 30% better than equivalent single-
load columns.

 J.G. Nikelly, Department of Chemistry, Philadelphia College of

Pharmacy and Science, Philadelphia, Pa. 19104
Anal. Chem., 46, 290 (1974)
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Dual wavelength single- and dual-channel capability

Altex means UV detection
for liquid chromatography

If you believe you must compromise when choosing a UV detector for liquid chromatography,
then let us demonstrate the new Altex Model 151 or 152. These instruments have the sensitivity,
features and cell geometry to fit your applications.

You get dual wavelength capability at 254 nm and 280 nm. Both wavelengths are present at
all times in the flow cell and the effluent can be monitored at each wavelength individually or
simultaneously. Both detectors feature 0.005 O.D. sensitivity and double beam optics.
Analytical, preparative and biochemical flow cells are interchangeable for maximum flexibility.
In addition, cell inlets and outlets are made with quick-connect zero dead volume Altex
fittings to minimize leaks and bubble formation.

We'll make it easy for you to compare these instruments with any UV detectors on the market.
Just contact us for a demonstration in your lab.

SCIENTIFIC INC.
1450 Sixth Street/Berkeley, California 94710/ (415) 525-5500

CIRCLE 1 ON READER SERVICE CARD
104 A ¢ ANALYTICAL CHEMISTRY, VOL. 46, NO. 2, FEBRUARY 1974



Cryostat for Optical Spectroscopy
Compnnson of apectra measured thh two different cool-

ingt t the
rapidly and reliably attained only with the gas-flow type
device.

J Smke and 1. Szilagyi, Physncal Optics Departmenl Central
i for Physics, B

Hun
Anal. Chem 46, 292 (1974)

Multiclass Linear Classifier for Spectral
Interpretation (Pattern Recognition)

A novel approach for using linear classifiers is presented

and applied to low resolution mass spectral data. A voting
technique is used to interpret the results of a number of
binary decisions.

C.F. Bender, Lawrence Livermore Laboratory, University of
California, Livermore, Calif. 94550, and B. R. Kowalski, Depart-
ment of Chemistry, University of Washington, Seattle, Wash.
98195 Anal. Chem., 46, 294 (1974)

Idenllhcatlon of Heroin and Its Diluents by Chemical
Mass Spect py

This procedure requu-es no sample preparation or prior
chromatographic treatment, and its sensitivity permits a
direct, rapid identification of microgram quantities of il-
licit heroin preparations.

Jew-Ming Chao, Richard Saferstein, and John Manura, New
Jersey State Police Forensic Science Bureau, West Trenton, N.J.
08625 Anal. Chem., 46, 296 (1974)

Spectrometric Assay of Aldehydes as 6-Mercapto-
3-substituted-s-triazolo(4,3-b)-s-tetrazines

A new spectrometric analytical procedure for the assay of
low concentrations of formaldehyde (adaptable for use

with other aldehydes) in industrial products is described.
N.W. Jacobsen and R. G. Dicki Department of Chemis-
try, University of Queensland, St. Lucia, 4067, Queensland, Aus-
tralia Anal. Chem., 46, 298 (1974)

Liquid-Liquid Extraction of Zinc with Aliquat 336-S-I
from Aqueous lodide Solutions
A rapid quantitative method for extracting zinc ions from
iodide solutions is described. An extraction method for
separating Cd and Zn is also presented.
Curtis W. McDonald and Thornton Rhodes, Department of
Chemistry, Southern University, Baton Rouge, La. 70813

Anal. Chem., 46, 300 (1974)

Rapid Determination of the Nitrogen Content of
Cellulose Nitrate and Other Nitrate Esters by Means
of a Modified Devarda Method

Use of the modified Devarda method described reduces
analysis time compared to the classical method. Absolut

Briefs

Consecutive Titration of Calcium and Magnesium in
Ethanol-Water Mixture

A titrimetric method for the determmntlon of Cl and Mg
with EGTA in 80% ethanoli

range 0.2-2 mg, the error does not exceed 1% in Ca and
2.5% in Mg.

Bo Wallén, Department of Analytical Chemistry, University of
Uppsala, S-751 21 Uppsala 1, Sweden Anal. Chem., 46, 304 (1974)

Solvent Extraction Studies of Chromium(111) with Tri-
n-octylamine

Separation of other transition metal ions from Cr(IIl) is
achieved based upon the slow rate of formation of the

Cr(II) complex.

B. E. McClellan, M. K. Meredith, Ray Parmalee, and J. P.
Beck, Department of Chemistry, Murray State University, Mur-
ray, Ky. 42071 Anal. Chem., 46, 305 (1974)

Selective Separation and Concentration of Silver via
Precipitation Chromatography

At the ppb level, silver ions are selectively separated and
concentrated by coating a support with a long chain acet-
ylenic phase. Recoveries are good and sample handling

is minimal.

William P. Z Gregory Dabk i, and Sidney Slxm.
Department of Chemistry, Uni y of M
Mass. 01002 Anal. Chem., 46, 309 (1974)

Determination of Total Cyanide in lhe Presence of
Palladium

Cyanide in Pd-containing solutions and Pd(CN); is deter-

mined by complexing the Pd with icacid,
distilling, nnd devermmmg the cyanide lodomemcally

pp ble to other acid-stable
cyamdes

George W. Latimer, Jr., L. Ruth Payne, and Marguerite
Smith, PPG Industries, P.O. Box 4026, Corpus Christi, Texas
78408 Anal. Chem., 46, 311 (1974)

Sampling Variance in Analysis for Trace .
Components in Solids. Preparation of Reference
Samples
The relation between sampling error and amount of
sought-for substance, particle size, and particle composi-
tion is treated stan.stxcally for particulate solids.
W. E. Harris and Byron Kratochvil, Department of Chemistry,
University of Alberta, Ed Alberta, Canada

Anal. Chem., 46, 313 (1974)

New Method for Calibration of Permeation Water and
Diffusion Devices

A permeauon wafer device, capable of being calibrated by

standard deviation is 0.03%.
J.G.M. M. S k, Technological Lab

lands O ion for Applied Scientific R
(Z.H.), The Netherlands

y, The Nether-
h TNO, Rijswijk
Anal. Chem., 46, 302 (1974)

ap t que in 1 day at permeatlon rates as low
as5 ng/minisd d for and
able gases.

Russell N. Dietz, Edgnr A. Cole, and James D. Smith, Depun
ment of Applied Sci National Lab y, Asso-
ciated Universities, Inc., Upton, N.Y. 11973

Anal. Chem., 46, 315 (1974)
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The first $450
dual-purposelL

Analytical /preparative
inoneinstrument

Modular
design

/

The DuPont 841.

Thenew Du Pont 841 Liquid Chromatograph
fills the need for a research instrument, ca-
pable of performing both analytical and pre-
parative work,. without sacrificing perform-
ance for price.

An extremely versatile performer,
the 841 LC features a high-pressure pump-
ing system with a wide range of flow rates,
allowing both analytical and preparative
work with the same instrument. Yet this
lﬂ? 08f dual-purpose versatility costs only

The 841 LC is the ideal instrument
for people just getting into liquid chroma-
tography, for quality control applications,

CIRCLE 60 ON READER SERVICE CARD

and for university labs where it can handle
basic research and instructional works.
And modular design allows for add-on
capabilities.
Before you buK a liquid chromato-
%raph, at any price, check into all that the
u Pont 841 LC has to offer. For complete
information, write Du Pont Company,
Room 23885, Wilmington, DE 19898.

Offices in major U.S. cities and Frankfurt, (Friedberg), London, (Hitchin), Toronto,
Parls, Milan, Mexico City, Caracas and Sao Paulo.

Instruments

LT Visit DuPont Instrument Booth (122-131)
at the Pittsburgh Conference
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Self-Reversal in a Copper Pulsed Hollow Cathode
Lamp
G.J. Dedong and E. H. Piepmeier, Department of Chemistry,
Oregon State University, Corvallis, Ore. 97330

Anal. Chem., 46, 318 (1974)

Aids for Analytical Chemists

Relay Circuit for Integrating a Gas-Liquid
Chromatography Temperature Programmer with an
Automatic Sample Injector
H. A. McLeod, Ronald Bolohan, and Maarten Van Dyk, Food
Research Laboratories, Health Protection Branch, Department of
National Health and Welfare, Ottawa, Ontario

Anal. Chem., 46, 320 (1974)

Simple Method for Continuous Monitoring of
Electrode Rotation Rate
Ira B. Goldberg, Richard S. Carpenter I, and W. F. Goep-

pinger, Science Center, Rockwell International, Thousand Oaks,
Calif. 91360 Anal. Chem., 46, 321 (1974)

Device for the Accurate Electronic Measurement of
Microliter Sample Volumes
L. R. Layman and G. M. Hieftje, Department of Chemistry, In-

diana University, Bloomington, Ind. 47401
Anal. Chem., 46, 322 (1974)

Analysis of Background Copper Concentration in Sea
Water by Electron Spin Resonance
Y. P.Virmani and E. J. Zeller, Radiation Physics Laboratory,

Space Technology Center, University of Kan-
sas, Lawrence, Kansas 66044 Anal. Chem., 46, 324 (1974)

Device to Seal Ends of Gas Chromatography
Columns with a Filter Disk

Francis W. Karasek, Department of Chemistry, University of
Waterloo, Waterloo, Ontario, Canada Anal. Chem., 46, 325 (1974)

Teflon Apparatus for Vapor Phase Destruction of
Silicate Materials

J. W. Mitchell and D. L. Nash, Bell Laboratories, Murray Hill,
N.J. 07974 Anal. Chem., 46, 326 (1974)
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Hamamatsu produces photomultiplier tubes so
you don't have to make mechanical or electrical
changes when you want to change window ma-
terial or spectral responses. Side-on tubes with
standard 11-pin bases are available in the spectral
responses shown. Windows are available in UV
glass, fused silica or borosilicate. Cathode mate-
rials include bialkali, multialkali and GaAs as well
as solar blind and S-1. The same is true for end
window detectors. For new design requirements,
replacement or upgrading, Hamamatsu tubes show
they are different where it counts—on the inside.
Call or write for free catalog on our complete line.

Only Hamamatsu
makes a full line
of interchangeable
detectors.
MAMATSU CORPORATION
120 Wood Avenue
Middlesex, New Jersey 08846
(201) 469-6640
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WATER BATHS?

We have the
right model

WE REPRESENT ...
Blue M e Boekel o Buchler

CS&E o Eberbach e Forma e Lab-line

Lauda e NAPCO e “Precision” ¢ Tecam e Thermolyne

Regardless of the tvpe of bath you need for vour laboratory,wheth-
er for water, oil or sand, we have a model to meet vour requirement.
We can supply cylindrical shallow form types, deep form, rectangular, multi-

block, one- and two-compartment . . . shaker, reciprocating and oscillating
. refrigerated, steam or electric . . . in metal or glass . . . for

such tests as controlled temperature incubations, stability, aging, serological, paraffin
tissue section, etc. We also have a variety of circulating systems for converting
suitable containers into efficient, closely controlled water baths.

In addition to water baths and circulating systems, we stock over 30,000 other items.
So whether vou are in the market for a simple little test tube or a sophisticated
laboratory instrument, we can meet your requirement. Ask us for literature.

LABORATORY...
= G A ¢+ APPARATUS
‘ = ¢ INSTRUMENTS
SCIENTIFIC ¢ CHEMICALS
BLOOMFIELD. N. J. 07003 ' ¢ GLASSWARE

Boston & New Haven | Elk Grove Village
1.

Fullerton | Philadelphia @ Silver Spring ,  Syracuse
Mass. Conn. Md. N. Y.

Calif. Penna.
CIRCLE 218 ON READER SERVICE CARD
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LDC doesn’t build the best LC

—but LDC’s customers do.

( LDC “bulilding blocks” for liquid chromatographers® )

They do it with Laboratory Data
Control’s modular componeants. -

No single liquid chromatograph
can fill all the many different
needs of the many different
liquid chromatographers.
But with the LDC modular
“building block’* approach t%
high-speed, high-pressure LC,
Solvent delivery ty*mms (12 choices) you can select the components
that exactly fit your requirements
today and still permit expansion

L 2 _ of capabilities next year.
-7 Only LDC gives you a choice of
12 solvent delivery systems
Sample injectors (3 choices)

(pressures up to 3,000 psi). And

3 sample injectors. And 5 column
kits. And 6 LC detectors based

A 4
upon four different principles
% (uv absorption, differential

refractive index, electrolytic
conductivity, fluorescence).

And 4 strip chart recorders (both
single and dual pen models).

e Resuit: 4,320 possible LC com-
Column kits (5 choices) binations. Or select individual
LC modules. Either way, you get
exactly what you need. You don't
waste money on equipment you
won't use. And you don't lose
time hunting for the right parts.

Any LDC module is compatible
with most other manufacturers’
LC equipment. Installation’s
simple—three Swagelock fittings
at most. We can demonstrate
performance on the same day
you receive the components.

It’s easy to add or remove LDC
Detectors (6 choices) modules in a “building block”
) ’ LC. Since they're separately
\ ! removable, maintenance does not
“ " require a field service engineer.

An LDC specialist will be glad to
discuss your LC instrument needs
with you. No obligation. Call or
write us now. You'll see how little
it costs to have customized LC—
and how much it pays.

®
g LABORATORY

P DATA CONTROL
‘Recorders (4 cholm) EE P.O. Box 10235, Interstate

Industrial Park, Riviera Beach,
‘Sploo permits us to show only:a few of the LDC modulnr Lc compomnt: Florida 33404, (305) 844-5241

k now lvllllbla Why not find out about s/l of them? /] \ A Division of Milton Roy Company )
CIRCIE 158 ON READER SERVICE CARD
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Chemiluminescence and Bioluminescence

W. Rudolf Seitz and Michael P. Neary

Department of Chemistry, University of Georgia,
Athens, Ga. 30602

Light panying a ch 1 ion is known as
chemiluminescence (CL). CL that occurs in a living sys-
tem or is derived from one is known as bioluminescence
(BL). Three conditions are required for CL to occur: The
chemical reaction must release sufficient energy to popu-
late an excited energy state; the mctionwwq
favor the formation of excited state product; and the ex-
cited state product must be capable of emitting a photon
itself or transferring its energy to another molecule that

can emit. -
The efficiency of CL, ¢cL, can be defined:

number (or rate) of photons emitted

Pe =
number (or rate) of molecules reacting

It is equal to the efficiency of excited state production
(number molecules going to excited stau/numbet mole-

The only apparatus required for CL analyses is a light
detector, a system to mix the reactants, and in some cases
afilter to resolve the CL of interest from other sources of
light. Because of the high intrinsic sensitivity of CL meth-
ods, the light detector often does not need to be particu-
larly sensitive.

For many of the available CL and BL reactions, re-
sponse is linearly proportional to reactant concentration
over several orders of magnitude.

The first section of this article describes some CL reac-
tions that have been applied analytically, and the second
section deals with BL methods. The number of CL and
BL methods is small because of a lack of available reac-
tions. However, those methods that have been developed
are quite successful because of the unique advantages of

Ch ilumi

cules reacting) times the efficiency of emi: ( of
photons emitted /number of molecules in excited state).
The highest efficiencies are observed for BL. The firefly
reaction has an efficiency close to unity. For nonbiological
CL, ¢c\ rarely exceeds 0.01 even for the brightest reac-
tions.

CL reactions can be used for chemical analysis by ad-
justing concentrations so that the CL intensity, ¢y, is re-
lated to the concentration of the reactant to be deter-
mined. At any time, ¢, /¢ is given by the expression:

photons photons
Teu(t) = @cL -
sec molecule reacting

de(t) (muleculn reacting)

dt

where dc(t) /dt is the reaction rate for the starting materi-
al forming an electronically excited state. Iy can be mea-
sured as a function of time (kinetic analysis), or it un be

h

sec

Ozone and Nitric Oxide. Recently developed methods
for atmospheric ozone and nitric oxide provide a good ex-
ample of the advantages of CL-generating reactions for
chemical analysis. Ozone can be determined either by its
reaction with rhodamine-B adsorbed on an activated silica
gel surface or by its gas-phase reaction with ethylene. The
rhodamine-B method has all the advantages of CL: it is
sensitive to less than 1-ppb ozone, response is linear up to
400 ppb, and the only required instrumentation is a gas
flow system to pull the sample over the surface and a pho-
tomultiplier to measure CL intensity. The only problem
with this method is that the sensitivity of the CL surface
changes with time as rhodamine-B is consumed in the
reaction, thus necessitating frequent recalibration.

Analysis based on the ozone-ethylene reaction avoids

this problem. This reaction produces CL emissions in the

300-600-nm region with maximum intensity close to 435
nm. Like the rhodamine-B reaction, this reaction is spe-
cific for ozone so that no optical resolution is required.
The method is sensitive down to 0.003-ppm ozone, and re-

integrated for a known time period. For y
a convenient means of performing the integration is lo
carry out the reaction in a flow system observing steady-
state CL intensity.

CL and BL offer three important advantages for chemi-
cal analysis:

CL and BL methods are ext ly itive b it
i8 easy to measure low levels of hght emission. It is possi-
ble to calculate theoretical detection limits for CL and
BL methods from ¢, and the capability of modemn in-
strumentation to measure low light levels. In practice,
however, sensitivity is usually limited by reagent purity,
rather than by light-measuring capability.

p is linear up to 30 ppm.
Ozone is also involved in the determination of NO by
use of the CL reaction:

NO + 0; — NO* + 0,
NO,* — NO, + hv

CL emission is a continuum from 0.6 to 3.0 . In the pres-
ence of excess Oy, CL intensity is proportional to NO con-
centration. Greatest sensitivity is obtained at reduced

p ofq hing effects at higher pressures.
Neverthel bient NO rations can be mea-
sured at atmospheric p At reduced witha
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in Chemical Analysis

cooled photomultiplier tube, this method can detect

0.001-ppm NO. Response is linear up to 10,000 ppm, a
linear dynamic range of 107. Because ozone reacts with
other at heric contami to generate CL, a cutoff
filter absorbmg wavelengths shorter than 600 nm is in-
cluded in NO monitors.

Total oxides of nitrogen (NO + NOz) can be deter-
mined by reducing NOz to NO with carbon before react-
ing with ozone. The NO; concentration is equal to the dif-
ference between total oxides of nitrogen and NO concen-
tration.

The instrumentation used for CL in air pollution moni-
tors is described in detail in the April 1973 Instrumenta-
tion feature of Analytical Chemistry.

Sulfur and Phosphorus. Gas-phase CL can also result
from the recombination of species generated in a flame.
The most important analytical applications of flame CL
have been to determine sulfur and phosphorus by observ-
ing the molecular emission that occurs when sulfur and
phosphorus compounds are burned in a hydrogen-rich
flame.

‘The sulfur emission comes from S; molecules, whereas
phosphorus comes from POH. It has not been established

exactly what chemical reactions are involved in producing

CL. For sulfur, it may be the recombination of sulfur
atoms, whereas for phosphorus, CL may come from the
reaction between hydrogen atoms and PO.

Figure 1 shows the CL spectra for both S and POH.
For analytical applications the peak emi
nm for sulfur and 526 nm for phosphorus can be resolved
by use of mterferanca ﬁlun Sulfur and phosphoms can

ly with two d

bands at 394

Report

Figure 1. Chemiluminescence
spectra for S; (left) and

POH (right) recorded while
aspirating aqueous SO, and
phosphoric acid, r

in hydrogen-nitrogen diffu-
sion flame

each with the appropriate filter. B two sulfur atoms
are required to produce one excited molecule, CL intensi-
ty is proportional to the sulfur concentration squared.

The potential advantages of CL are not all realized
when a flame is required to generate the reactants. Emis-
sion from the flame itself produces a background ugml
that limits sensitivity. This backgn d
by shielding the flame. When the shield sep‘nm the
burned gases above the flame from the outside air, CL
from the recombination reactions is observed well above
the flame itself. Thus, the CL can be viewed by the detec-
tor without looking directly at the flame.

Maximum efficiency for S; and POH CL is observed at
temperatures below 400°C. This limits the temperature of
the flame used to g the ti A hydm-
gen-oxygen flame is too hot and must be diluted with ni-
trogen to reduce the temperature. Hydrogen-air flames
are satisfactory. Shielding of the flame helps to reduce the
temperature of the burned gases and permits the use of
hotter flames. Flame temperatures up to 1400°C have
been achieved while maintaining efficient CL.

Flame CL analysis for phosphorus and sulfur works best
with vapor-phase ples.C ial d are avail-
able that use flame CL to selectively detect sulfur- and
phosphorus-containing compounds as they elute from a
gas chromatograph. They are sensitive down to minimum
detectable levels of 0.04 ng of P and 0.2 ng of S. Response is
linear up to 300 ng of P, and t.hnqmmotofmpomu
linear up to 100 ng of S. This application is discussed in
more detail in the December 1973 Report in Analytical
Chemistry.

With liquid-phase samples introduced as aerceols to the
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EXTEND
SEPTUM
LIFE...

AND PREVENT
BENT NEEDLES

SEPTUM NEEDLE GUIDE

Precision Sampling’s needle

guide has proven effective in

lengthening sentum life. Pro-

vides a single pierced hole for injection rather than multiple
torn jagged openings Repetitive use (50 injections) of a single
pierced hole has withstood leakage tests to 100 psi. Plus..

1] Effective'y guides needle to prevent bending

11 "Cool * needle entrance, eliminating premature flashing

1) Spacer for repetitive needle penetration depth

(1 Assists in pushing out old septum, convenient holder of
hot septum caps.

Easily mounts an 3y conventional chromatograph inlet. Save
time...ettort ..money.. with our Septum Needle Guide togay.

Catalog Number 450050 $7.50

Telephone (504) 927-1128

PRECISION SAMPLING
CORPORATION
P. O. BOX 15119 BATON ROUGE LOUISIANA 70815
CIRCLE 201 ON READER SERVICE CARD

—D
Accuracy...Precision...
ql.;; and Low Cost...
Janc

This Microsyringe Has It All!

Our new Series C-160 Pressure-Lok micro
syringe was designed with'one goal in mind -
to deliver excellent reproducibility and long
tife at minimum cost. It's every bit as precise

as our more expensive syringes, and its design
1s clean and basic, to save you money. The
C-160 has the following special features

1

. Teflon Plunger Tip — leak-free to 250 psi.
E] . No Plunger Freeze-Up — the Teflon tip is
E self-lubricating and inert. It can’t stick, it
' 'J‘ stays leak-tight, and there’s never a gritty
i £ build-up around the plunger.
|

N

3 3. Fixed needle, 26 ga. x 2", with hollow-
ground point, for longer septum life.
13 4. Four Popular Sizes — “T M DuPant
2L No. 160022 (10.0 ul)

No. 160023 (25.0 ul)

No. 160024 (50.0 ul)

No. 160025 (100.0 u!)

ONE LOW PRICE — $12.00

PRECISION SAMPLING
CORPORATION
P. O. BOX 15119 BATON ROUGE, LOUISIANA 70815

PHONE 504-927-1128
CIRCLE 202 ON READER SERVICE CARD

Table . Analytical Applications of Sulfur and
Phosphorus Flame Chemiluminescence
Analysis Performance

Sulfur- and phosphorus- Detection limits: 0.2 ng
containing gas chroma- sulfur; 0.04 ng phos-
tography effluents phorus

Sulfur inil D limit: § ppb,
alr pollutants H:S, CH,SH, and SO,

can be resolved by gas
chromatography

Sulfur in petroleum Detection limit: 0.5 ppm;

products requires combustion of
sample
F horus ind D limit: 1.2 ppm;
greater accuracy with
prior ashing
Phosphorus in water Detection limit: 0.003 ppm;

measures dissolved
phosphorus only

hydrogen-rich flame, there are several problems. Organic
solvents cannot be used because they interfere directly
with the CL reactions. For this reason, sulfur and phos-
phorus in oil cannot be determined without prior combus-
tion of the sample.

It is possible to analyze for S and P in aqueous samples.
However, the emission signal per unit sulfur or phospho-
rus is over 10 times smaller than for vapor-phase samples,
even when ultrasonic nebulization is used to produce a
finely divided aerosol. Emission per unit P or S increases
with increasing volatility of the compound being analyzed.
For example, P as triethyl phosphate produces emission
1.8 times greater than P as H3POy4 for an equivalent P
concentration. In the case of alkali sulfides and sulfites,
approximately a hundredfold increase in signal is observed
upon acidification to produce a volatile species.

Because efficient CL requires a cool flame even when
shielding is used, phosphorus and sulfur emissions are
subject to chemical interferences. All metal ions depress
emission intensity to a greater or lesser extent because the
flame does not possess sufficient energy to break up the
salt particles that form in the flame as the aerosol dries.
Prior to an analysis, metal ions need to be removed by
treatment with an ion-exchange resin.

Table I lists some applications of flame C1. analysis for
F and S. Gas-phase analysis of P- and S-containing GC
effluents and sulfur-containing air pollutants has been
much more widely applied than analysis of aqueous sam-
ples. However, improvements in sensitivity by using ul-
trasonic nebulization of aqueous samples may increase use
of flame CL for solution analysis.

Luminol. The oxidation of luminol (5-amino-2,3-dihy-
drophthalazine-1,4-dione) in basic solution is one of the
best known and most efficient CL reactions. The CL spee-
trum matches the fluorescence of the amino-phthalate ox-
idation product:

Figure 2. Diagram of flow system for making steady-state
chemiluminescence measurements

RECORDER [— AMPLIFIER— P M




NH, (I) NH, .
Ml oxidant ~o©
3;6 base 0 H
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The most frequently used oxidant is hydrogen peroxide in
the presence of a catalyst such as Fe(CN)g -3, Cu(ll), and
Co(Il). Other CL-generating oxidants include hypochlo-
rite, iodine, permanganate, and oxygen in the presence of
asuitable catalyst. The optimum pH for CL varies some-
what with catalyst and oxidant. Most oxidizing systems
have an optimum pH close to II.

The luminol reaction differs from the CL reactions dis-
cussed above in that it occurs under a wide variety of con-
ditions. Specific analysis using luminol requires that
the chemistry be controlled so that CL is proportional
only to the species of interest. This extends the unique
advantages of CL to a wide variety of possible analyses
rather than being restricted to only a couple of species.

Apparatus. It is possible to do CL analysis with luminol
by simply injecting sample and reagents into a sealed con-

(]

H

Figure 3. Typical data using
flow system for chemilumi-
nescence measurements
Peaks are for slugs of Cr(l11)
passing through cell
Conditions 10" M H;0:. 10 M
lumuinol. 10~ 'M KOH-H,B0,; butter
PH 105 peak 2 = 20 X 10 *M

2 Cr(ill). pean 4 = 4 0 X 10 '™
Cr(ill), peak 6 = 6.0 X 10" *M
Cr(iil)
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Table Il. Analytical Characteristics of Some
Metal lons That Catalyze Luminol

Chemiluminescence-
Approx
Cat- doro:ﬂen Linear range,
alysts limit, M M Remarks
Co(ll) 10~ 1071107 o
Cu(ll) 10— Nonlinear
Ni(In) 10~ 107%-10"* vove

Cr(ill) 10 107%-10-¢ o
Fe(ll) 10~ 107%-5 X 107 Catalyst with oxygen
Mn(ll) 10-¢ snes Requires amines to
3 be a catalyst
= The data for Fe(l btained b; f to stir the
L el A e ohnar Eatalyeta are eliocte onty vith HiOr, The

conditions were 10-*A H:0:, 103 luminol, 1074 KOH-H:BOs
buffer and cell pH between 10 and 11.

Table l1l. Analytical Characteristics of Some
Oxidants That React with Luminol to
Produce Chemiluminescence

Arnrex
detection
Oxidant limit, M Linear range, M

Remarks

oci- 10— Biew Requires O:

I 10 10-°-3 X 107 Second- and third-
order response
also observed

MnO,~ 10~ 10-2-10"7 No O: needed

H.0: 10 Excess Cu(ll)

catalyst

tainer surrounded by photographic film and measuring
film exposure as a function of concentration. Alternative-
ly, a stopped-flow spectrophotometer can be used to mea-
sure CL vs. time-after-mixing. However, for chemical
analysis there are several advantages to performing the
reaction in a flow system like that diagrammed in Figure
2. “‘Background' solution, usually the solvent of the ana-
lyte, is mixed with reagents in a cell positioned in front of
a photomultiplier which measures CL intensity. This pro-
vides a reference level of light emission characteristic of
the background solution. Slugs of samples are inserted
into the background flow line with a sampling valve. As a
slug of sample (catalyst or oxidant) passes through the
cell, steady-state CL is observed with intensity propor-
tional to sample concentration. Typical data are shown in
Figure 3. The advantages of this system are: Background
light emission from reagents provides a continuous refer-
ence level of CL rather than having to be subtracted out
as a blank; the data come out in the form of peaks; a flow
system can be readily adapted to continuous analysis, or if
necessary it can be used as a detector for a chromato-
graphic column; and the sample can be maintained at any
pH in any eletrolyte until it enters the cell as long as it
does not conflict with the requirement of a basic pH for
luminol CL.

Either overhead stirring or gas bubbling can be used to
mix the reactants in the cell. Gas bubbling makes it pos-
sible to use a gas as a reactant and has been successfully
used for luminol oxidizing systems involving oxygen. How-
ever, overhead stirring reduces the noise level observed on
steady state CL.

Analytical Performance. Table Il lists some catalysts of
luminol oxidation along with their analytical characteris-
tics. The advantages of CL are apparent. Response is sen-
sitive and linear over several orders of magnitude for most
metals tested. The detection limits in Table Il are im-
posed by background CL that is over two orders of magni-
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tude greater than the PM dark current. Reagent purifica-
tion should lead to even lower levels of detection.

Table III lists oxidants that can be determined by use of
the luminol reaction along wuth theu‘ analytlcal character-
istics. In the ab of p d CL is about
100 times less. Therefore, CL intensities are about 100
times less than for the catalyst systems in Table II for
equivalent detection limits.

Indirect analysis based on luminol CL is also possible.
For example, CL can be used to determine complexing
agents by measuring the extent to which they solubilize
metal ions from insoluble metal salts. Since several of the
oxidants in Table III are commonly used as titrants, lumi-
nol CL can be used to follow oxidant concentration as a
function of the quantity of oxidant added to a sample.
This extends CL analysis to species that do not directly
interact with luminol. Table IV lists analytical applica-
tions of luminol CL. Some of these applications have al-
ready been demonstrated, whereas others are feasible on
the basis of p data. The chemical basis for obtaining
selectivity for a particular species is included in the table.

Other CL Reactions. The CL reactions discussed above
all have demonstrated analytical application. Several
other CL reactions appear to have potential analytical ap-
plications but require further developmental work.

0Ozone Reactions. Ozone reacts with a variety of com-
pounds in the gas, liquid, and solid phases to generate
CL. For example, the rhodamme B method for ozone
could be turned dto rh B -
tration, and the ethylene-ozone reaction could be used to
measure ethylene and other olefins. Since CL spectra are
a function of olefin structure, it might be possible to use
CL to characterize types of olefins.

Lucigenin. Lucigenin is similar to luminol in that it
chemiluminesces upon oxidation by peroxide in basic so-
lution in the presence of metal ion catalysts.

i ‘@ :
+HO, —=, @ CH
oo "

|

Amar
CH, [0}
Lucigenin
Qx T’
CH,

However, it has been reported in the Russian literature that
lucigenin CL is catalyzed by Pb(I), Bi(Ill), TI(III), and
Hg(Il), none of which catalyze luminol CL. If this is correct,
then the lucigenin reaction could provide the basis for ana-
lytical applications not possible with luminol.

() Atom Reactions. Oxygen atoms undergo several gas-
phase CL reactions that could be applied to trace air pol-
lutant analysis. For example:

0 +0+8S0, — 0.+ SO; + hv (Anax = 200nm)
is sensitive down to 0.001 ppm SO2.

O+NO+M— NO,+M+ hv
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Table IV. Some Analytical Applications of ...
Luminol Chemiluminescence .

Bn.ls for ulet_.llviiy P

. -Type of analysis , Application
Single catalyst .- ‘Fe(!f) in water -  Différent oxidation-
potential from ..+ *.
other catalysts of
lumingl oxidation
by oxygen' A
Cr(lll) in water " EDTAusedto " - "
quench other “ .~
catalysts; Cr(lll)-" -
EDTA is kinet- ",
ically slow to form .
Muitiple Cu, Ni, Co, etc. " CL detection com-
catalyst bined with ion- -
’ . .exchange sepa-, -,
ration ot
Organic o lexing lon-exchang:
analysis by agentsin nat- separation
measuring ural waters o
catalyst solu-
bilization o2 ]
Oxidant Chioripe in Only CL-generating:
waste' water - " species present
Protein-bound ' . - Different oxidation *.
iodine poténtial from °, . *,
other axidants . -
H,0: generated . -Only CL-generating .
by oxi . ies p £
enzymes 5
Titrations $0:in air titrated  Selective collection . -
with I: DR -0 SCLATR AR AT
Arsenic titrated " - Distillation af AsCl;. *
with |:

Table V. Luciferin-Luciferase Sources

Firefly Photinus
Photuris
Luciola

Ostracod crustacea Cypridine
Pyrocypris

Bacterla Achromobacter fischerii
Photobacterium fischerii

\ L Iyved:
Ppoly

Renilla reniformis

Protozoa (dino flagell
Sea pansy
Jellyfish

Aequorea

is an alternate method for NO which would have the ad-
vantage of producing emission partly in the visible, there-
fore requiring a less expensive photomultiplier tube. The
problem in developing these and other methods is the lack
of a suitably stable source of O atoms.

Flame CL. When NO or NQO; is introduced into a hy-
drogen-rich oxy-hydrogen flame, CL from HNO is ob-
served with a maximum at 690 nm. This reaction could be
used to monitor NO and NO2 emissions from gasoline en-
gines. Conceivably, it could be adapted to develop a nitro-
gen-specific gas chromatography detector.

Riboflavin-H20,. Riboflavin reacts with H20, to gener-
ate CL. CL is initiated either by adding a reducing agent
or by irradiating with visible light (“*photoinduced CL").
Because CL intensity is significantly enhanced by the
presence of copper and is not greatly affected by other
metal ions, this system can be used for copper analysis.

Bioluminescence

Background. Around 1885 Raphael Dubois, using the
luminescing photogenic organ of the West Indian elaterid
beetle, Pyroporus, discovered that when it was immersed
in hot water until its light emisson ceased, a heat-stable
compound was extracted. He also observed that when the
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cells of the photogenic organ were triturated in water at
room temperature until the light emission ceased, a heat-
labile compound was extracted. When the two oxygen-sat-
urated extracts were mixed, light emission was immedi-
ately observed. The former extract was named Luciferin
(LH2) (Lucifer means light bearing in French) and is re-
ferred to as the substrate; the latter extract was named
Luciferase (E) and is known to be an enzyme. It was at
first thought that LH; was a protein; this'is, in general,
not true with the exception of the Aequorea biolumines-
cing system in which LH; is tightly bound to a protein
matrix. There are many different sources for as many dif-
ferent luciferins and luciferases. Table V gives a few rep-
resentative sources. The choice of a source for LH; and E
is primarily governed by the chemistry involved, as will be
discussed later; however, availability, stability, and cost
are other important factors. Owing in part to these fac-
tors, certain BL systems have been favored for study. The
firefly and bacterial systems have been extensively stud-
ied during the past 75 years; Cypridina, Aequorea, and
Renillia reniformis are BL systems studied more recently.

Firefly Bioluminescence System. Of all the biolumi-
nescing systems, that of the firefly is the most studied.
The following scheme summarizes the firefly mechanism
as presently understood.

LH, + E + ATP + Mg*? —= .
E-LH,AMP + MgPPi
E-LH,;AMP + O,(g) —~
[Oxyluciferin]* + AMP + CO, + H,0
[Oxyluciferin]* —=

Oxyluciferin + hv Amax = 562 nm

where ATP = adenosine triphosphate, AMP = ad
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monophosphate, and PPi = inorganic pyrophosphate. A
BL efficiency of one is routinely observed for this reaction.

When this reaction is carried out so that the analyte is
ATP, 0.1 to 1.0 picomole is claimed for a minimum detec-
tion limit with linearity of response extending five orders
of magnitude. Such a detection limit and linear range is
obtainable from a so-called “crude” extract of ATP. Some
investigators, after taking extreme care with their ATP
extraction as well as with pH control and reactant purity,
have been able to detect the ATP in a single bacterium,
i.e,, 2.0 X 10-3t0 1.0 X 10-2 picomoles. An accompa-
nying increase in the linear range is also observed. The
difference in the two minimum detection limits arises
from contamination of the reactants with ATP or the
presence of the interferent AMP in the ATP extract.

Specificity of the firefly LH; is high for ATP; however,
studies have shown that both cytedine-5’-triphosphate
(CTP) and inosine-5'-triphosphate (ITP) stimulate light
production to the same extent as ATP. However, the con-
tribution by these contaminants to the total light emis-
sion is small in a normal ATP-containing sample, since in
natural systems the concentration of ATP is much greater
than that of CTP and ITP. Other contaminants have been
shown to act as inhibitors to the emission of light in the
following order of activity Ca > K > Na > Rb > Li.
Hg(II) at 2 ppm inhibits the emission of light, owing to its
influence on E.

A typical ATP analysis utilizes firefly LHz (1.0 mg/ml),
E (1.0 mg/ml) in 0.05M THAM buffer (pH 7.4), and 0.01M
Mg(IT). The mixture may be lyophilized and stored at
—65°C. This is a convenient form for the reactants since
they can be stored in this way indefinitely without losing
their activity, and a simple addition of deionized water
reconstitutes them for immediate use. For an analysis, no
less than 0.5% dissolved O must be present in the reac-
tion solution. ATP is determined by adding it to excess

o]
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Imax f

d TIME

Figure 4. Typical bioluminescence vs. time-after-mixing curve observed for ATP analysis

I inax = maximum observed intensity
Imeas = intensity after fixed time interval, ty

Table VI. Applications of Bioluminescence

reactants and measuring the light intensity vs. time. A Assay for ATP
typical response curve is shown in Figure 4. Calibration Application Area of application
curves are generated from measurements of either
Imax OF Imeas OF the total integrated intensity as a function M:::::,:l:‘.'g:: fermen: P':::m’.‘mmﬁ: %
of ATP concentration. industries

ATP is present in all living cells regardless of whether the Detection of bacterial Quality control in food,
cell is photosynthetic or heterotrophic. ATP’s phosphate contamination beverage, drug, and cos- -
bonds serve as an energy reservoir for the cell; thus, ATP metic industries
becomes involved in many important metabolic reactions Measuring biomass in Control of activated sludgq 7
and is analytically important. water ::;t:sws::er Mnan

It was previously mentioned that it was possible to

measure the ATP content in a single bacterium; with such Fundamental . Sﬁld’es Jn-

Ilmnology qnd ocean-_:

knowledge, ATP analysis of a bacteria-containing sample ography

would give information regarding their number. In prac- . s £ = s .

tice, however, the ATP per bacterium is not determined life . 9 tions -
the basis of a single bacterium but rather on some A2

o bl Determining vhumy of  Medical

large number of them. From various studies it is conclud- red blood cells

ed that in any analysis of a partu?ular bﬂc_tenum for the Measuring infection- Medical

concentration of ATP per bacterium, the investigator causing bacteria i

should compare the firefly-ATP analysis with plating of

- the same bacteria. The advantages of doing bacterial
counting by ATP assay instead of plating include speed,
accuracy, and expense. Moreover, certain filamentous mi-

Table VII. Applications of Firefly Reaction
to Species Other Than ATP

croorganisms cannot be counted by conventional tech- Species analyzed Importance

niques and may best be counted by the ATP method. To Creatine phosphate Energy reservoir for muscle
illustrate these advantages, consider the study in which activity

bacterial counts were made of samples of food, water, and Cyclic AMP Mediator of hormone
urine. As few as 1000 bacterial cells could be measured in activity

less than 5 min per sample. For such a measurement, log Dissolved oxygen Measure of water quality
(ATP) vs. log (number of cells) exhibited a 0.93 positive Medical

linear correlation coefficient. Inorganic pyrophosphate  Starting material for several

biological compounds

A typical extraction of ATP from the cell is accom-
plished by treating the triturated cells with five volumes
of boiling ethanol for 1 min. After air drving, the extract

is stored at —20°C to be reconstituted later at the time of o455 :
analysis. Table VI lists some applications of the BL assay Tlhl. :Vlll. s.fn':'??

for ATP. This reaction is so widely used that it has given Methods for FMN '
rise to commercially available instruments specifically for ity 7 .j,:.i.{,,“ fo¢ 5t

this assay, such as Aminco’s Chem-Glow photometer and —

Du Pont’s biometer. Table VII lists some of the other 5= ﬁw&;mﬂﬁ ;: y;r:&;du Ry FAy

species determinable by the firefly reaction along with L ‘.:"'tft qy

their importance. st 1eie ,&‘ 4 !:i,' $45d
Bacterial Biolumi System. The bacterial sys- 2" ﬂugvmdur’o’« A"uv,c]l}v

tem follows the firefly system in popularity for study. The Satgh 1}1%.](!.,&2:‘.9}41(‘;‘&4

following reactions schematically represent the bacterial it :'a .: x"" l"t + ‘v‘ A 4 ¥

system. L ARl AL N e mi'
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RELATIVE
INTENSITY

CARBON NUMBER

Figure 5. Relative intensity of bacterial bioluminescence
as function of chainlength of added aldehyde

The overall reaction is proposed to be:

9FMNH, + 20, + RCHO + E —
9FMN + H,0 + H,0, + RCOOH + hv

which is thought to be the sum of reaction series A and B.

Series A:
FMNH, + 0, + E —= E‘FMNH,'0,(I)

(I) + RCHO == E-FMNH,0,;,RCHO(II)
(IIy) — E-FMN* + RCOOH + H,0
E'FMN*— E'-FMN + hv Amax = 492 nm
FMN = Flavin mononucleotide

Series B:
FMNH, + 0, — FMN + H,0,

The BL efficiency for this reaction is about 0.05.

The oxidation of FMNH; proceeds with or without the
aldehyde in the presence of Oz to give 27 kcal /mol free
energy, but emission from an excited FMN molecule of
492 nm would require 54.9 kcal /Einstein. The additional
energy is provided by the oxidation of the long chain alde-
-hyde to a carboxylic acid. The total free energy thus pro-
vided is approximately 95 kcal /mol. The intensity of the
emission from this reaction depends on the chainlength
of the aldehyde as shown in Figure 5.

Data in Table VIII show that the bacterial BL system
exhibits a minimum level of detection for the analysis of
FMN which is superior to other popular methods. It also
shows that flut ry might e for the analysis of
FMN; however, its lack of specificity vitiates its use. Com-
pounds commonly found in samples of biosystems inter-
fere with the fluorometric analysis of FMN.

Bacterial BL has high specificity for FMN. Some sub-
stituted FMN's and flavin adenine dinucleotide (FAD)
react with the bacterial (E) to produce light; however, the
level of emission is low enough so that it is of little analyt-
ical concern. The relationship between light output and
FMNH; concentration is linear from 1.0 X 10-4to 1.0
ug/ml.

The two most popular sources of the bacterial luciferase
(E) are the bacteria Photobacterium fischerii and Achro-
mobacter fischerii. The luciferin, FMN, may be obtained
from virtually any living system. The luciferase is general-
ly used at a concentration of 1.0 ug/ml in 0.05M THAM
buffer (pH 7.4). Dodecylaldehyde complexed with bisulfite
is widely used as the required aldehyde. The FMN may be
extracted from the sample by treating it with a boiling so-

Table IX. Nuclegtide Activators of
- Biolumi

Renilla Renifc
Activator Rel activity, %
3'5'-Dephosphoadenosine 100
2'5s’-Dephosphoadenosine 1
Coenzyme A 7
3'-Phosphoadenosine-5'-
phosphosulfate (PAPS) 15-982

ATP 0

< Depends on extent of acid hydrolysis.

lution of 6% butanol in 0.01M THAM buffer containing
10-3M EDTA. The extraction is complete in less than a
minute and is followed by filtration. The supernatant con-
taining FMN and FMNHa is generally treated with either
NaBH, with PdCl, as a catalyst to reduce FMN to
FMNHa, or FMN may be reduced by NADH (reduced
form of nicotinamide adenine dinucleotide) in the pres-
ence of H+. Following the above treatment, the extracted,
reduced FMN is mixed with the enzyme (E) and the long
chain aldehyde-bisulfite complex before a light sensitive
detector, and the intensity of the emission is compared
with a calibration curve. The noise or background in this
analytical scheme is primarily endogenous light from the
reactants and is eliminated by the calibration procedure
since the background is generally constant for a given ex-
periment.

The BL assay for FMN is applicable to many of the
same systems as the ATP method. It has been used to
monitor infectious bacteria and has been extensively in-
vestigated as a possible detector of extra terrestrial life.

Another type of application involves exposing the bacte-
ria to organic vapors and observing the decrease in lumi-
nescence. This can be used to study the effect of anesthet-
ic vapors or to detect the presence of various compounds
such as alcohols, aldehydes, and ketones.

The dependence of the bacterial BL on FMNHjz, and
FMN's participation in the following reaction leads to the
possibility of analyses which do not depend directly on
FMN but on some substrate being oxidized by NADH or
reduced by NAD~.

-
2NADH + FMN —
2NAD" + FMNH, where E' = NADH dehydrogenase

For example, a method for NO3~ could be based on the
following reactions:

=
H* + NAD' + NO; — NADH + NO;”

+ E” +
H® + NADH + FMN — FMNH, + NAD
E’" = nitrate reductase

The concentration of the resulting FMNH? is proportional
to the initial concentration of nitrate.

Other BL Systems. Aequorea. The BL system of the
hydromedusid, Aequorea, is unusual among BL systems in
that it seems not to rely on either the typical LHz and E
or O2. The luminescence involves only the photoprotein
aequorin in the presence of Ca(II) ions. It is thought that
the protein provides a matrix for the LHz, E and O thus
forming a complex which, when triggered by Ca(ll), biolu-
minesces.

Early research proposed that the Aequorea system was
specific for Ca(II); however, later research has shown that
the photoprotein aequorin can be stimulated to biolumi-
nescence by over a dozen other cations, such as
Co(II), Pb(II), and Yb(III). However, since these cations
are not normally present in significant amounts in biologi-
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cally derived samples, the aequorin reaction may still serve
as a means of Ca(lI) trace analysis in samples of biological
origin.

Renilla Reniformis. Renilla reniformis, commonly re-
ferred to as the sea pansy, produces blue-green biolumi-
nescence in concentric waves across its surface. The emis-
sion wavelength maximum is 485 nm and follows the reac-
tion scheme:

LH, + nucleotide activator + Ca(ll) + E —
activated LH,

E = sulfokinase (probably)

£
activated LH, + O, —= products + hv
E’ = Luciferase 4,,, = 485 nm

The feature of this BL system which is of analytical sig-
nificance is the required nucleotide activator. Table IX
shows some activators and their relative activity in the
reaction. PAPS is of some interest in the study of brain
metabolism.
Fungal. The fungal BL systems are pyridine-nucleotide

linked and are thought to follow the path shown in pro-
ducing light.

DPNH oxidsse

DPNH + H* + L LH, + DPN"

E
LH, + O,—= products + hv A = 528 nm

E = an enzyme (luciferase) bound to a surface

The pyridine-nucleotide linkage of this system makes it
potentially important analytically, owing to the broad
range of reactions involving the pyridine-nucleotide.
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News and
Views

ANALYTICAL CHEMISTRY Appoints Three Members to
Its Instrumentation Advisory Panel

ANALYTICAL CHEMISTRY has
appointed three new members to its
Instrumentation Advisory Panel.
They are Stanley R. Crouch of Michi-
gan State University, Harold M.
McNair of Virginia Polytechnic Insti-
tute and State University, and David
Seligson, M.D., of Yale University
School of Medicine. Members who are
leaving the board after serving three-
year terms are Charles E. Klopfen-
stein, University of Oregon; Harry L.
Pardue, Purdue University; and Ralph
E. Thiers, BioScience Laboratories.
Members who will continue to serve
on the nine-member board are Jona-
than W. Amy, Purdue University;
Richard A. Durst, Copenhagen (on
leave from the National Bureau of
Standards); J. Jack Kirkland, E. I.
du Pont de Nemours & Co.; Ronald
H. Laessig, University of Wisconsin
Medical School; Marvin Margoshes,
Technicon Corp.; and Howard J.
Sloane, Beckman Instruments.

The Advisory Panel members lend
their expertise to the continued de-
velopment of interesting and provoca-
tive editorial coverage of the interdis-
ciplinary field of instrumentation.
They aid both in the selection of
subject matter and possible authors
and in the development of the scope
and aims of the feature itself. Panel
members also review material for the
feature and sometimes contribute di-
rectly as authors or coauthors.

The goal of the feature is to help
broaden and deepen the reader’s
knowledge in related disciplines so
that cross-fertilization of ideas might
provoke original and useful thinking
in the area of instrumentation for
solving analytical problems. Coverage
does not concern itself only with de-
sign but also deals with specific ap-
plications, such as in biomedical in-
strumentation, pollution measure-
ment devices, and computer applica-+
tions. Experts in other disciplines
such as physicists, instrument design-
ers, and solid-state specialists are
often invited to contribute to the col-

umn. Readers are invited to suggest
potentially interesting topics or au-
thors or to submit a manuscript in
their own field if they feel it might be
appropriate to the goals of the fea-
ture.

Brief biographical sketches of our
new panel members appear below.

Stanley R. Crouch

Harold M. McNair

David Seligson

Stanley R. Crouch is associate pro-
fessor of chemistry at Michigan State
University. He received his MS de-
gree from Stanford University in 1963
and his PhD degree from the Univer-
sity of Illinois in 1967. He is currently
an Alfred P. Sloan Foundation Fellow
(1973-75). Professor Crouch'’s re-
search interests are in the areas of ki-
netics of analytical reactions, reac-
tion-rate methods of analysis, atomic
emission, absorption and fluorescence
spectrometry in flames, nonflame at-
omization in atomic spectrometry,
molecular absorption and lumines-
cence spectrometry, signal-to-noise
ratio theory in spectrometry, mini-
computers in chemistry, and chemi-
cal instrumentation. He is the author
or coauthor of about 25 publications
in these areas and the coauthor of
four modules and one book, “Elec-
tronic Measurements for Scientists”
in the “Instrumentation for Scientists
Series” edited by H. V. Malmstadt
and C. G. Enke.

Harold M. McNair, professor of
analytical chemistry at Virginia Poly-
technic Institute and State Universi-
ty, received his BS from the Universi-
ty of Arizona in 1955 and his MS and
PhD degrees in 1957 and 1959 from
Purdue University. He held a Ful-
bright Fellowship in 1960 in Eindho-
ven, Holland. His eight years of in-
dustrial experience include work at
Esso Research, F&M Div. of Hewlett-
Packard, and Varian Aerograph. Gas
and liquid chromatography are his
principle research interests, and he
has been professor in charge of four
ACS short courses on these topics.
Dr. McNair is the author of 20 re-
search papers, three books, five tech-
nical movies, and eight slide /tape
programs. He is an adjunct professor
for the National University at Mexico
City, Mexico, and a consultant for
Bendix Corp., NASA, and the Air
Pollution Control Office of EPA. He
also serves on the editorial boards of
J. Chromatography and Chromato-
graphia.
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David Seligson is chairman and a
professor in the Department of Labo-
ratory Medicine at Yale University
School of Medicine and Director of
Clinical Laboratories at Yale-New
Haven Hospital. He earned his BS in
1940 at the University of Maryland in
Baltimore, his ScD at Johns Hopkins
University in 1942, and his MD in
1946 from the University of Utah in
Salt Lake City. He also holds an hon-
orary MA from Yale University. Dr.
Seligson has won the John G. Rein-
hold Award of the Philadelphia Sec-
tion of the American Association of
Clinical Chemists (AACC), the Don-
ald D. Van Slyke Award of the New
York Metropolitan Section of AACC,
and the 1971 AACC Ames Award.
Before joining the Yale University

-School of Medicine and Yale-New
Haven Hospital, he held positions at
the University of Pennsylvania.

Sensing of
Environmental Pollutants

The 2nd Joint Conference on Sens-
ing of Environmental Pollutants was
held December 10-12, 1973, at the
Sheraton Park Hotel in Washington,
D.C. From the time of its planning to
the actual meeting, the energy crisis
struck. There are obviously energy

Stanley M. Greenfield

as well as money costs in cleaning the
environment. Russell Train, adminis-
trator of the Environmental Protec-
tion Agency (EPA), has suggested
that increased energy costs may be
between 1 and 2%. Another source at
EPA suggests that this figure might
well be 3 or 4%. It appears that in
light of the energy problems, cleaning
the environment will be delayed
somewhat. One thing is certain: to
make the hard decisions needed, real-
ly good environmental data are re-
quired, and much research is needed
toimprove the quality of the data.

The conference on sensing pollu-
tants is a joint enterprise involving
nine organizations: five scientific as-
sociations, including the American
Chemical Society, and four govern-
mental entities. William O. Davis,
general chairman of this meeting who
is with the National Oceanic & At-
mospheric Administration, one of the
government sponsoring bodies,
opened the meeting. He stressed the
need for physical, chemical, and bio-
logical information and the role of the
joint conference in information ex-
change in the sensing field, particu-
larly in an interdisciplinary sense.

Nearly half the technical papers at
the conference dealt with remote
sensing which, according to Stanley
M. Greenfield, assistant administra-
tor for Research and Development at
EPA and conference keynote speaker,
is required to get an adequate picture
of pollution problems. Sessions were
devoted to remote sensing for both air
and water pollutants and ranged from
an airborne television system for oil-
spill detection to optical correlation
systems for measurements of air pol-
lutants. Visibility in air and turbidity
in water were the subjects of other
technical presentations.

In his keynote address Dr. Green-
field emphasized the need for high-
quality data for decision-making pur-
poses: “It is becoming clear that to
perform the Nation’s environmental
monitoring task adequately, a combi-
nation ef contact along with remote
instrumentation is absolutely neces-
sary. Remote monitoring as an ad-
junct to contact monitoring provides
a cost effective method to survey
large geographical areas. Remote in-
strumentation mounted on flying
platforms provides valuable informa-
tion in support of contact monitoring,
such as surveys for monitoring net-
works, data for model verification,
and ‘quick looks’ at environmental
quality violations.”

The instrumentation and method-
ology needed for environmental ap-
praisal derived from various research
and development programs are vital
needs in developing realistic and en-
forceable environmental standards.
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Dr. Greenfield predicts that the mon-
itoring of the future will go beyond
wet chemistry and in situ sensors and
will capitalize on remote sensing
R&D and experience from other agen-
cies, not just EPA. However, the need
for more research is overwhelming,
and the need to apply the broadest
perspectives to take into account all
the implications so that what is done
does not cause other, more serious
problems is also great.

One of the papers presented at the
conference dealt with the laser op-
toacoustic spectroscopic technique for
measuring gaseous air pollutants. L.
B. Kreuzer, who presented this
paper, is the author of our Instrumen-
tation feature this month, page 235
A, on this system.

Toxic Substances

As the Federal government moves
more and more into areas concerned
with the safety of the consumer pub-
lic, more and better analytical sys-
tems will be needed. Analytical
chemists and those charged with the
safety of industrial workers are well
aware that the time is coming when
they will need data to show that
chemicals used or released into the
environment are not liable to cause
damage. It is now incumbent on in-
dustry to routinely test new chemi-
cals for their impact on health and
the environment before they are re-
leased into the commercial market-
place. The consumer public want as-
surances that they will not be poi-
soned by their air, water, food, or
otherwise.

Thus, Russell Train, administrator
of the Environmental Protection
Agency, addressed the Manufacturing
Chemists Association (MCA) in mid-
November to give his views on the
likely impact of the Toxic Substances
Act, then in a Senate-House Confer-
ence Committee. As this is written in
mid-December, the bill is still in
Conference, so the exact provisions
have yet to be defined. In any case, it
is likely that chemical makers will
need to supply data on identification,
volume, etc., on chemical production
so that EPA can have an opportunity
to assess in advance the risks that
could be posed by the distribution of
hazardous chemicals. It is expected
that the bill will direct EPA to re-
quire manufacturers, distributors,
processors, and importers to test se-
lected chemicals in accordance with
protocols set by EPA. The Act is also
likely to permit citizens to bring suits
to enjoin violations of the Act.

Although this sounds quite strin-
gent, Mr. Train compared its impact
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o Digital speed control
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e Very low pulsation
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News and
Views

with the consequences of the 1972
amendments to the Federal pesticides
law. These amendments recognize
that even highly toxic compounds
can, under carefully monitored condi-
tmns. be used in such a way that
health and envirc
values will not be harmed. Also rec-
ognized is the value of testing and ef-
ficacy data for the pesticide devel-
oper. Use can be classified as general
orrestricted, and regulations are
tuned carefully to control use of these
materials with safety. Therefore, it is
expected that the Toxic Substances
Act would permit flexibility through-
out the whole range of chemical com-
pounds and that this flexibility would
help ensure the technological viabili-
ty of the chemical industry.

Mr. Train expressed the hope that
the Act will not blunt the R&D
thrust of industry and welcomed the
MCA standing committee, with C. B.
Shaffer of American Cyanamid as
chairman, to provide suggestions on
the implementation of toxic sub-
stances legislation.

Mr. Train assured listeners that
EPA can safeguard proprietary infor-
mation and that they will develop
streamlined procedures to prevent de-
lays in marketing of new products.
Industry itself should take the lead in

2 qd

ysis for bile acids. The success of

vestigate and
‘These procedures, once enacted will
have the force of law behind them
and therefore should be carefully con-
sidered from their inception. With
their unique training and experience,
analytical chemists are in a position
to contribute usefully to the varied
demands made to ensure the safety
and health of humans.

Analytical Instrumentation
in Medical Research

The Schering Foundation of
Bloomfield, N.J., has given impetus
to an ongoing project of cooperation
between researchers at the New Jer-
sey College of Medicine and Dentistry
at Newark (NJCMD) and Stevens In-
stitute of Technology by granting
$66,000 for the acquisition, mainte-
nance, and operation of a chemical
ionization mass spectrometer at the
Stevens campus in Hoboken. The
program will be directed by Ajay K.
Base, professor of chemistry at Ste-
vens, and John Bauman, associate
professor of physiology at NJCMD,
and will involve faculty members and
doctoral degree candidates at Stevens
and medical staff and faculty from
NJCMD. It is hoped that this pro-
gram will give medical students a
better understanding of the new tools
and methods of science and engineer-
ing available to meet research prob-
lems in medicine.

Several areas of research will in-
volve the use of chemical ionization
mass spectrometry and stable isotope
labelmg of biologically important

identifying and d;

as would be expected of responsnble
commercial firms in any case. The
agency cannot possibly regulate more
than a fraction of the total commer-
cial chemical compounds of concern.
Mr. Train predicted that the chemi-
cal industry would not only survive
the Act but would thrive under it,
and he stated, “Technical progress
based on chemistry will continue to
be a major force in our society, an ac-
tive and useful instrument for reach-
ing our common objective of a higher
quality of life for ourselves and future
generations.”

What is the analytical chemist’s
role in these matters? It seems that
more will be asked of analytical
chemists as the Federal government
moves to establish testing protocols
and sets limits on accuracy and preci-
sion. P; ional analytical chemists

les. The stable isotope tech-
nique makes it possible to study the
metabolic course of drugs in humans
directly, rather than relying on ex-
trapolation from animal experiments
with radioactive isotopes. The
planned research will bring together
trained organic chemists, spectrosco-
pists, and medical doctors and spur
transfer of technology from science
and engineering to the medical clinic.
Research projects proposed include
studies of biochemical changes in
pancreatitis, variations in membrane
lipids, steroids associated with the
placenta, and bile acid changes in
cancer of the liver.

Undergraduates from Stevens have
been working with members of the
medical staffs of several metropolitan
New York medical schools in Under-
graduate Projects in Technology and
Medicine (UPTAM) since 1972. Proj-

should play a key part in the deci-
sion-making processes and not leave
the choices and analytical problems
for others to deal with. They should
. be generously represented on com-
mittees and task forces set up toin-

ects carried out at NJCMD as part of
UPTAM have resulted in a new por-
table artificial respirator, develop-
ment of a technique for the determi-
nation of diffusion through red blood
cells, and a convenient mass spectral

208 A » ANALYTICAL CHEMISTRY, VOL. 46, NO. 2, FEBRUARY 1974

these undergraduate programs led to
interest in a similar program involv-
ing faculty and graduate students at
Stevens. With leadership from Ken-
neth C. Rogers, president of Stevens,
and Erich Hirschberg, associate dean
of research at NJCMD, researchers at
Stevens and NJCMD have collabo-
rated and shared facilities of the nu-
clear magnetic resonance and mass
spectroscopy labs at Stevens. Re-
search is underway in several medical
areas.

This multidisciplinary approach is
absolutely necessary if medical re-
search is to take advantage of the
marvelous tools that physical scien-
tists have developed. Using these
tools should aid greatly in developing
an understanding of complex biologi-
cal systems and disease processes.
And this understanding should hasten
the time when clinical medicine can
offer better answers to man’s ills.

Symposium on
Teaching Analysis

Dawson College in Montreal, Cana-
da, is sponsoring a symposium on
“Teaching Analytical Chemistry and
Instrumentation Analysis," to be held
May 16-17, 1974. Scheduled speakers
include W. Blaedel of the University
of Wisconsin; J. Dick, Sir George
Williams University; W. Harris, Uni-
versity of Alberta; F. Karasek, Uni-
versity of Waterloo; H. McNair, Vir-
ginia Polytechnic Institute and State
University; R. Skogerboe, Colorado
State University; and S. Siggia and
R. Barnes, University of Massachu-
setts.

The fee of $75 includes lunches and
a cocktail party and dinner. Registra-
tion forms and checks are due by
March 31, 1974.

For further information or registra-
tion forms, contact A. David Adley,
Dawson College, 350 Selby St., Mon-
treal, P.Q., Canada. 514-931-8731,
ext. 332

Standards for
Environmental
Improvement

The American National Standards
Institute, with the American Society
for Testing and Materials, the Ameri-
can Society of Mechanical Engineers,
and other standards developing orga-
nizations, is sponsoring a conference
on environmental standards, Febru-

- ary 20-21, at the Marriott Twin

Bridges Motel, Washington, D.C.
This conference is designed to call at-
tention to the strengths of the private



NOW YOU GAN AUTOMATE
CLASSIGAL GHEMISTRIES.

The Beckman AMA 40 Auto-
mated Materials Analyzer is,
technologically, as up-to-date as
tomorrow. But its procedures
are classical.

Here is the instrument that
knows your methodology. .. that
analyzes discrete samples much the
same as you would manually.

So that you’re not locked into a
manufacturer’s machine-dictated
technique. With AMA 40’s full
modularity, you enjoy the greatest
possible versatility in automated
assay methods.

Setup is fast. You can trim hours
off test changeover time. AMA 40
doesn’t gulp reagents, either. It con-
sumes as little as 1/100th the
amounts of reagents needed with
other instruments. And, because of
discrete rather than continuous
analysis, you have minimal carry-
over and a constant, correct baseline.

Those are just a few benefits.
There are dozens more. If you're
involved in wet-chemistry batch
m analysis, learn more about the
advanced AMA 40 — the instrument
that does chemistry your way.

Write for Data File #2055,
Scientific Instruments Division,
2500 Harbor Boulevard,

Fullerton, California 92634,
or contact your local Beckman
representative.

Prrres et

See the AMA 40 running different analyses each day
at the Pittsburgh Conference, Cleveland, Mar. 4-8.

INSTRUMENTS, INC.
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News and
Views

sector in developing standards for.en-
al impr t. The pres-
ent policy chosen by EPA is to devel-
op its own standards, largely through
contract research and development

ions. C:

maintain that the standards thus de-
veloped pose major compliance prob-
lems for industry and do not meet the
objectives of the environmental pro-
tection acts. Participants from gov-
emment, industry, and standards de-
veloping organizations will attend.
The program will explore the need for
sound standards, examine stand

in existing law, and consider other as-
pects of standards development. Reg-
istration information may be ob-
tained from ANSI, 1430 Broadway,
New York, N.Y. 10018.

Call for Papers

8th Great Lakes Regional ACS
Meeting

Purdue University, West Lafayette,

Ind. June 3-5. Abstracts on standard

ACS forms by March 1 to J. Wolin-

sky, Chemistry Dept., Purdue Uni-

versity, West Lafayette, Ind. 47907.

Calorimetrie et d’Analyse Thermi-
que, Laboratoire de Cristallochi-
mie, U.E.R. “S.P.M.,” Universite
de Rennes I, Avenue du General
Leclerc, 35031 Rennes Cedex,
France .

8 American Industrial Hygiene
Conference. May 12-17. Fontaine-
bleau Hotel, Miami Beach, Fla. Of
particular interest to those con-
cerned with the Federal Occupa-
tional Safety and Health Act. Con-
tact: William E. McCormick,
Managing Director, American In-
dustrial Hygiene Assoc., 66 S. Mil-
ler Rd., Akron, Ohio 44313

B Meeting on Analytical Chemis-
try June 10-12. Lindau (Lake

). Contact: Gesellschafi
Deutscher Chemiker, D-6000
Frankfurt (M), Federal Republic of
Germany, Postfach 90 04 40, Ger-
many

m Surface Properties of Materials.
June 24-27. University of Missouri-
Rolla. Contact: Leonard L. Leven-
son, Graduate Center for Materials
Research, University of Missouri-
Rolla, Rolla, Mo. 65401

B 6th ACS Northeast Regional
Meeting. Aug. 18-21. Lake Cham-
plain, Burlington, Vt. Contact:
Robert C. Woodworth, University
of Vermont, Burlington, Vt. 05401

B Fourth International Conference
on Raman Spectroscopy. Aug.
26-30. Bowdoin College, Bruns-
wick, Me. Contact: J. E. Griffiths,
Bell Laboratories, Murray Hill,
N.J. 07974

8 Colloquium on Applications of

Meetings

Particle Size Analysis to Envi-
1 Pollution. Sept. 18-19.

Meetings previously scheduled for
1974 are listed in the January issue,
beginning on page 36 A. The following
meetings are newly listed in ANA-
LYTICAL CHEMISTRY

B NMR in 1974 and Beyond. ‘“Nu-
clei of Low Sensitivity.”’ Feb.
27-Mar. 1. University of Western

Ontario, London, Canada. Contact:

Peter Macintyre, Varian Assoc. of
Canada Ltd., 45 River Dr., George-
town, Ont., L7G 2J4, Canada

B Spring Meeting Optical Society
of America. Apr. 22-25. Shoreham
Americana and Sheraton Park Ho-
tels, Washington, D.C. Includes
sessions on high-power lasers, ul-
traviolet and X-ray lasers, very
long base line interferometry, sub-
millimeter waves and their appli-
cations, ete. Contact: J. W. Quinn,
Optical Society of America, 2100
Pennsylvania Ave., N.W., Wash-
ington, D.C. 20037. 202-293-1420

B8 Journees de Calorimetrie et
d’Analyse Thermique. Ma,y 9-10.
University of Rennes, France. Con-
tact: Secretariat des Journees de

I\ottmgham England. Contact: M.
W. G. Burt, Bldg. BIC5, Atomic
Weapons Research Establishment,
Aldermaston, Berkshire, RG7 4PR,
England

Mar. 8-9.J. Q. Walker, M. T. Jack-
son, Jr., M. P. T. Bradley. $135

Modern Liquid Chromatography
Atlantic City, N.J. Apr.6-7. L.
Snyder, J. Kirkland. $140

.
Interpretation of Infrared Spectra
New York City. Apr. 19-20. Norman
Colthup. $125

Principles of Color Technol
Boston, Mass. May 15-17. Fred
Billmeyer, Jr. $150

Short Courses

ACS Courses. For more information,
contact: Department of Educational
Activities, American Chemical Soci-
ety, 1155 16th St., N.W., Washing-
ton, D.C. 20036. 202-872-4508

Intermediate NMR Spectroscopy
Chicago, Ill. Feb. 21-22. Joseph B.
Lambert. $125

Intermediate Gas Chromatography
Hollenden House, Cleveland, Ohio.
Mar. 2-3. H. McNair, R. Juvet, Jr.,
S. Cram. $135

Intermediate Chromatographic
Systems: Maintenance and Trou-
bleshooting

Hollenden House, Cleveland, Ohio.
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UV/VIS Spectrophotometry

Los Angeles, Feb. 2; Washington, D.C.,
Feb. 25; Philadelphia, Feb. 27. Free.
Contact: Varian, Instrument Div., 611
Hansen Way, Palo Alto, Calif. 94303.
415-493-8100

Atomic Absorption Spectroscopy
Denver, Feb. 5; Salt Lake City, Feb.
7; Atlanta, Feb. 12; Houston, Feb.

14; Los Angeles, Feb. 19; San Francis-
co, Feb. 21. Free. Contact: Varian,
Instrument Div.,, 611 Hansen Way,
Palo Alto, Calif. 94303. 415-493-

8100

Recent Developments in Gel Per-

meation Chromatography
Washington University. Feb. 5-6.
Contact: Washington University, Box
1048, St. Louis, Mo. 63130. 314-863-
0100, ext. 4778

Differential Thermal Analysis of
Organic Materials

Washington University. Feb. 7-8.

Contact: Washington University, Box

1048, St. Louis, Mo. 63130. 314-863-

0100

Drug Analysis

Central, N.J. Feb. 25-27. $275. Con-
tact: Center for Professional Ad-
vancement, 29 Division St., Somer-
ville, N.J. 08876

Four One-Day Programs: Competi-
tive Protein Binding Assnys and
Related Techni . s
noassay in the Chmcal Lab; Im-
proving Clinical Enzyme Analy-
sis; Aspects of Agarose Electro-
phoresis

Washington, D.C., Mar. 4-7; New

York City, Mar. 18-21; Boston,

Mass., Mar. 25-28; Los Angeles,

Calif., Apr. 8-11; San Francisco,

Calif., Apr. 15-18. Contact: Beckman

Technical Education Center, 2500

Harbor Blvd., Fullerton, Calif. 92634.

714-521-3700

Photomicrography

+ Chicago, Ill. Mar. 4-8. $350. Contact:

McCrone Research Institute, 2820
South Michigan Ave., Chicago, Ill.
60616. 312-842-7105



Boosted efficiency, boosted versatility
in Xray Spectrochemical Analysis:------
from Rigaku, of course

Geigerlen

sequential X-ray spectrometer

With Rigaku's “Geigerflex"” SX3064M2
sequential X-ray fluorescent analyser,
labs are assured quality analysis, oper-
ator safety and convenience, and room
to expand.

The 3064M2 analyses 6 samples using
up to 8 analytical crystals. The 3KW
rhodium X-ray target tube eliminates
the need for tube changes when both
heavy and light elements are being
measured. A wire cleaner, one of the
maintenance-reducing components,
cleans the flow proportional counter
during operation without breaking
vacuum.

To utilize the full potential of the
practical options available from Rigaku,
the best in up-to-date technology has
been included. A built-in minicomputer
which memorizes the analytical condi-
tions of up to 80 elements and 200
channels. Digital goniometer drive con-
trol. Total IC design. It's automated, of
course, so there is no need to increase
staff.

The “Simultix” system utilizes fixed-
element optics and provides simulta-
neous analysis of up to twenty four
elements and is available either as a
laboratory tool or in a configuration
suitable for use in a process control
environment. The addition of devices
which permit automatic sample prepara-
tion and introduction into the “Simul-
tix"" makes this an attractive unit for
process control in ferrous and non-
ferrous rock industries.

simultaneous X-ray spectrometer

For hurther inormaton contact o locsl GSTOMON o wete B

Rigalkw

See this and other Rigaku equipment on display at

the'74 Pittsburgh Conference on Analytical Chemistry | - Higaicuw 0 ey e
and Applied Spectroscopy. Or write—we'll be glad to DO D  Yohya 20831
send you full details. Rigaku USA

u-m Ottice Park Door 16 607 North Avenve.
Massachusetts 01880 US A
hn.. nouuw 0. Phone 61712456014
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HIGH
PERFORMANCE §

absorbance
monitor :

The ISCO Model UA-5 absorb-
ance monitor gives you the high sen-
sitivity, stability, and response speed
required for high speed, high pres-
sure chromatography — plus the wide
absorbance ranges and specialized
flow cells required for conventional
chromatography, density gradient
fractionation, electrofocusing, and
gel scanning. Stationary cuvettes al-
low recording of enzyme and other
reactions.

High sensitivity. 8 full scale ab-
sorbance ranges from .01 to 2.0A,
plus %T. 13 wavelengths include
254 and 280nm supplied in the basic
instrument; 310nm, 340nm, and 9
other wavelengths to 660nm are
available at low cost. Options in-
clude a built-in 10cm recorder, a
Peak Separator to automatically de-
posit different absorbance peaks into
different tubes, and a multiplexer-
expander which allows monitoring
of two separate columns or one col-
umn at any two wavelengths. Auto-
matic 4X scale expansion prevents
oversized peaks from going off scale.

The current ISCO catalog de-
scribes the Model UA-5 as well as
ISCO fraction collectors, metering
and gradient pumps, and additional
instruments for chromatography and
other scientific research. Your copy
is waiting.

&1SCO

BOX 5347 LINCOLN, NEBRASKA 68505
PHONE (402) 464-0231 TELEX 486453
CIRCLE 131 ON READER SERVICE CARD

News and
Views

Introductory Infrared Techniques

Clinic
Cleveland, Ohio. Mar. 6. $30 (In-
cludes lunch). Contact: R. W. Han-
nah, The Coblentz Society, Perkin-
Elmer Corp., 761 Main Ave., Nor-
walk, Conn. 06852

Introductory Raman Techniques
Clinic

Cleveland, Ohio. Mar. 6. $30 (In-

cludes lunch). Contact: R. W. Han-

nah, The Coblentz Society, Perkin-

Elmer Corp., 761 Main Ave., Nor-

walk, Conn. 06852

Advx_mced Infrared Techniques

Clinic
Cleveland, Ohio. Mar. 8. $50 (In-
cludes lunch). Contact: R. W. Han-
nah, The Coblentz Society, Perkin-
Elmer Corp., 761 Main Ave., Nor-
walk, Conn. 06852

Pesticide Analysis

Central, N.J. Mar. 11-13. §250. Con-
tact: Center for Professional Ad-
vancement, 29 Division St., Somer-
ville, N.J. 08876

Gas Chromatography
Philadelphia, Pa. Mar. 11-13. $200.
Contact: Sadtler Research Laborato-
ries, 3316 Spring Garden St., Phila-
delphia, Pa. 19104. 215-382-7800

Applied Polarized Light Microscopy
Chicago, Ill. Mar. 11-15. $325. Con-
tact: McCrone Research Institute,
2820 South Michigan Ave., Chicago,
111. 60616. 312-842-7105

Techniques of Infrared
Philadelphia, Pa. Mar. 11-15. $275.
Contact: Sadtler Research Laborato-
ries, 3316 Spring Garden St., Phila-
delphia, Pa. 19104. 215-382-7800

New Techniques in Analytical Solu-
tion Chemistry

Central, N.J. Mar. 13-15. $260. Con-

tact: Center for Professional Ad-

vancement, 29 Division St., Somer-

ville, N.J. 08876

Gas Chromatography

Los Angeles, Calif. Mar. 18-20. $150.
Contact: R. L. Amey, Dept. of Chem-
istry, Occidental College, Los An-
geles, Calif. 90041. 213-255-5151

Identification of Small Particles
Chicago, Ill. Mar. 18-22. Contact:

McCrone Research Institute, 2820

South Michigan Ave., Chicago, Ill.
60616. 312-842-7105
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INSTRUMENTATION
IN ANALYTICAL
CHEMISTRY

An ACS Reprint Collection
comprising 43 articles from
Volumes 41-44 of Analvtical
Chemistry.

Collected by Alan J. Senzel,
Associate Editor of Analviical
Chemistry.

This up-to-date collection of
articles provides an extensive and
authoritative account of the latest
advances in the various fields of
instrumentation.

Over forty articles deal with four
broad areas of analytical chem-
iIstry—spectrometry, chromatog-
raphy, electrochemistry, and
combination and other techniques.
Specific topics focus upon instru-
ment design, biomedical instru-
mentation, pollution measurement
devices, and computer applica-
tions

These papers will prove valuable
as both a research and teaching
aid. Each article is complete with
a list of references. and important
concepts are summarized at the
end of each paper. A short com-
mentary is also provided for most
articles.

428 pages with index. Hardback
$7.95, Paper $4.50; 20% discount
on paperback edition for 5 or more
copies. Postpaid in U.S. and
Canada. plus 40 cents elsewhere

Order from:

Special Issues Sales
American Chemical Society
1155 16th Street, N.W.

' Washington, D.C. 20036



Whatever you can do with present
xray fluorescence analysis techniques,

you'll do it faster, cheaper, and more accurately
with the EDAX/ EXAM" System. —

The EDAX/EXAM System is the latest state of
the art technique in xray analysis. Its energy
dispersive (EDAX) operating principle

gives you simultaneous analysis and display of
all elements from Sodium through Uranium.
Qualitative analysis in seconds, quantitative
in minutes. Detailed brochures available
from EDAX International, Inc., PO. Box 135,
Prairie View, Ill. 60069.

EDAX

Pittsburgh Conferees

Come see us at Booth Nos. 1605-1607

CIRCLE 70 ON READER SERVICE CARD

HOT GFF THE PRESS...

GAS
ROMATOGRAPHY
O SUPPLIES

of gas chromatography
supplies & accessories
complete with photos,
description & prices.

oy T
X pages
Altack Auettat pas
202 Compus Drive, Arlington Heights, IIl. 60004
(312) 392-2670

See us at the Pittsburgh Conterence, Booth 832
CIRCLE 5 ON READER SERVICE CARD

VERSATILE
DESICCANT

DRIERITE is a low-cost, all-purpose anhydrous
calcium sulfate used in desiccators, U-tubes,
drying columns, drying tubes and large drying
cabinets fo dry air ond gases. DRIERITE is abso
ideal for drying organic liquids in either the
liquid or vapor phase.

The moisture remaining in a gas after drying
with DRIERITE amounts to only 0.005 mg per
liter.

DRIERITE is available in two forms—Regulor

or Indicating—from all leading Laboratory [
Supply Dealers.

REGULAR DRIERITE is comstont in volume, inert
excep! foward water, imoluble in organic
liquids ond refrigerants, non-disintegrating
ing. : ive, re- b3

9 ive, and h i

INDICATING DRIERITE has all of the properties |3
of Regular DRIERITE, but is impregnated with
CP. cobalt chloride and, hence, makes o
clearly visible change from blue when dry to

pink when exhausted.

SRR IR T
W. A. HAMMOND :\'\\\q\“n{ulhk.ﬁﬁ) é’f/"
DRIERITE €O. ﬁDRIE E&s
Xenla, Ohlo 45385 ,\’»/i?:.‘rru!z f"hf"n‘*'\“i‘@\
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News and
Views

Laboratory Computers

Central, N.J. Mar. 25-27. $275. Con-
tact: Center for Professional Ad-
vancement, 29 Division St., Somer-
ville, N.J. 08876

Analytical Separation/Purification
Central, N.J. Mar. 25-27. $260. Con-
tact: Center for Professional Ad-
vancement, 29 Division St., Somer-
ville, N.J. 08876

Biomedical Instrumentation
Madison, Wis. May 13-17. $300. Con-
tact: University of Wisconsin Exten-
sion, 432 North Lake St., Madison,
Wis. 53706

Minicomputers in Instrumentation
and Control

Madison, Wis. May 20-24. $350. Con-

tact: University of Wisconsin Exten-

sion, 432 North Lake St., Madison,

Wis. 53706

Applying Multivariate Statistics to
Foods, Flavors, and Cosmetics
Chicago, Ill. Apr. 15-16. $235 (In-
cludes materials and lunches). Con-
tact: SRF, 3810 Stratford Lane,
Louisville, Ky. 40207. 502-895-4995

For Your Information

The Chemical Data Center, 3620
North High St., Columbus, Ohio
43214, 614-261-7101, offers computer
searching of chemical literature via a
phone call. The user states his re-
quest and while on the line receives
the needed information. The cost is
$2.50/min with the average search
taking 12 min. Available data bases
include the Chemical Abstracts Con-
densate file, National Technical In-
formation Services file, and TOX-
LINE file. The complete service is
also available to those with data ter-
minals at $1.00/min. Parameters that
can be searched to find a product in-
clude chemical and physical proper-
ties, health and environmental data,
end uses, functions, structure, sub-
structure, fragments, functional
groups, availability, and source of
supply. A chemist can first search for
information on a process and then go
to the product file, if desired.

The London Co., U.S. representative
for Radiometer A/S, Copenhagen,
Denmark, manufacturer of
electrochemical instruments for
analytical research, has opened a
regional office at 2313A McKelvey
Rd., Maryland Heights, Mo.

CVC Products, Inc., is a new
company formed by five key
executives from Bendix who
purchased the facilities and product
line of Bendix Scientific Instrument
and Equipment. Product lines
include high vacuum distillation
equipment, mass spectrometers, high
vacuum pumping equipment, and
others. Included in the purchase are
eight domestic operations and three
European subsidiaries in England,
France, and Germany. Headquarters
of the company is at 1775 Mt. Read
Blvd., Rochester, N.Y. 14603. 716-
458-2550

Pope Scientific, Inc., of Menomonee
Falls, Wis., has acquired the
complete facilities for the
manufacture of the entire line of
vacuum vessels for laboratory use
formerly marketed by the Thermos
Div. of King-Seeley Thermos Co.

Comstock & Wescott Inc., 765
Concord Ave., Cambridge, Mass.
02138, 617-547-2580, offers a new
laboratory testing service for optical
component testing and instrument
calibration for ultraviolet and visible
spectrometers. Typical tests include
grating efficiency, minor reflectance

“ measurements, filter transmission

measurements, source studies, and
detector response.

From General Electric. . ..

This compact, lightweight hydrogen

A low volume-low pressure
on-site hydrogen generator
that helps you meet

OSHA requirements.

* No caustic solutions —
add only distilled water.

generator is designed for users of
gas chromatographs, flame ioniza-
tion detectors and related equip-
ment who require an on-site, on-
demand source of high purity
hydrogen.

¢ Compact—less FOR MORE INFORMATION WRITE:

than a cubic ft.

General Electric Company, Aircraft
Equipment Division, Direct Energy
* Eliminate s
high pressure Conversion Programs, 930 West-
storage
cylinders

ern Avenue, Lynn, Massachusetts
01910.

AIRCRAFT EQUIPMENT DIVISION

« Operates from either 115

te output pressure
or 230 VAC — 50 or 60 Hz

1— - 0.5% — 150
cc/min STP Units

GENERAL @ ELECTRIC

183-03

* Low pressure—low volume-
on-demand generation
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A technological advance can turn
yesterday's bright idea into today's
antiquated thinking.

That's exactly what has happened
in the field of mass spectrometry. At
one time, electron impact ionization
was the method of choice to ionize
samples for analysis. Now, a brighter

idea has come along—chemical ioniza-

tion. As a result, electron impact mass
spectrometry alone, is not:adequate.

Today most manufacturers are
merely modifying their existing E1/MS
equipment to operate as a ClI/MS
system. Only one company has come
up with a wholly new design that
makes-the new idea work best. The
company is Scientific Research Instru-
ments. The result is Biospect.

Biospect is the only instrument
on the market that gives you the full

Sqmetimes,
anewidea

benefits of chemical ionization. It is
the only MS buiit from the ground up
to maintain the high source pressures
and low analyzer pressures—and this
is the very heart of effective CI/MS.
However, if you still need to generate
El spectra, Biospect can operate
equally well in an EI mode.

With Biospect, you get almost
complete control of sample ionization,
greater sensitivity, finer selectivity, and
spectra which are much easier to
interpret.

Biospect also gives you a whaole
new approach in the field of CI/MS
accessories. You can name your own
brand ot gas chromatograph and/or
computer hardware, the one that's
best for your job—then we'll put the
system together for you and take
systems responsibility.

Biospect . . . The Chemical loniza-
tion Mass Spectrometer.

It you want to know more about
Cl/MS, Biospect, and the comparative
features CI/MS vs EI/MS, ask for our
brochure B101,

CIRCLE 219 ON. READER SERVICE CARD

Scientific Research Instruments

Subsidiary of G. D. Searle & Co.
6707 Whitestone Road
Baltimore, Maryland 21207
(301) 944-4020
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Books of a kind with the Chemist in mind

1. DETERMINATION OF pH: Theory and Practice

By Roger C. Bates, University of Florida

A complete, authoritative description of the theory of pH and of
acidity and basicity in aqueous and nonaqueous media. Tells the
scientist exactly what pH is, how it can be interpreted usefully,
and what its limitations are. It describes precisely internationally
accepted standard practice, sets forth the state of the art, and
extends the pH concept to nonaqueous solutions. For the tech-
nician, it tells how to prepare standard solutions, how to care for
electrodes, how to avoid temperature errors, and how to detect
malfunctions of his equipment.

0471 05647-2 1973 479 pages $19.95
2. INTRODUCTION TO MODERN LIQUID
CHROMATOGRAPHY

By Lloyd R. Snyder, Technicon Instrument Corporation, and

J. J. Kirkland, E. I. DuPont de Nemours & Company

This book explains the basic principles of liquid chromatography,
discusses equipment and chromatographic columns, and con-
siders each of the four basic liquid chromatographic methods. It
concludes with treatments of several related topics such as
preparative separations or quantitative analysis.

047181019-3 1974 528 pages $16.95 (tent.)

3. APPLICATIONS OF LASER RAMAN SPECTROSCOPY
By Stanley K. Freeman, International Flavors and Fragrances
Presents the first clear, comprehensive treatment of the applica-
tions of laser Raman spectroscopy. After an opening chapter that
examines general considerations, the book treats various func-
tional groups, providing previously unpublished data originating
in the author's laboratory. It also presents a thorough exposition
of the many and diverse areas in which laser Raman spectroscopy
can play a critical role in polymer chemistry and biochemistry.
047127788-6 1974 approx. 352 pages $17.50

4. GAS CHROMATOGRAPHIC DETECTORS

By Donald J. David, Monsanto Research Corporation

This is the first book to compile the technology of gas chromato-
graphic detectors in a single volume. Each of ten chapters dis-
cusses background, development, current design, response
characteristics and factors affecting response, and performance
of a particular detector. The final chapter describes miscellaneous
detectors, including the Palladium detector, discharge detectors,
flame emission detectors, and the semiconductive thin-film
detector.

0471 19674-6 1974 §17.95 (tent.)

5. QUANTITATIVE THIN LAYER CHROMATOGRAPHY
Edited by Joseph C. Touchstone, University of Pennsylvania
Provides fast and simple methods for analytical thin layer chroma-
tography. Special topics include quantitation by thin layer
chromatography; chromatographic methods in air pollution con-
trol; and determination of specific activity using thin layer chroma-
tography followed by densitometry.
0471 88040-X 1973

6. TECHN!QUES OF COMBINED GAS
CHROMATOGRAPHY/MASS SPECTROMETRY:
Applications in Organic Analysis

By W. H. McFadden, University of California, Berkeley

Provides the organic chemist with the necessary background for

understanding and using the combined technigue, GCMS. The

author discusses mass spectrometry, gas chromatography,
vacuum technology, and computer methods as they interrelate in

GCMS applications. A novel feature is a chapter covering various

applications of GCMS which includes approximately 15 mini-

papers prepared by research workers in such fields as flavors and

f hemi bioch y. clinical and forensic

approx. 320 pages

330 pages $14.95

Y Y b4
chemistry, and ecology.
0471 58388-X 1973

7. WINE AND MUST ANALYSIS

By M. A. Amerine and C. S. Ough, both of the

University of California, Davis )

Wine and Must Analysis is a compilation of the most up-to-date
methods used throughout the world for wine analysis. With the
help of details described in this book, the reader should be able
to analyze wines (and other fermented beverages) for most of
their pertinent constituenfs. The book is designed to furnish the
chemist with enough information so that he can carry out his

463 pages $18.95

functions, and it is detailed enough that students can use the
book as a text for wine analysis courses.
0471 02545-3 1974 144 pages

8. NUCLEAR MAGNETIC RESONANCE SPECTROS-
COPY OF NUCLEI OTHER THAN PROTONS

Edited by Theodore Axenrod, City University of New York,

and Graham Webb, University of Surrey

This book provides a comprehensive account of the progress

being made in many laboratories on the NMR spectra of nuclei

other than protons. Covering both the experimental and theo-

retical aspects of the subjecl, the book gives special emphasis

to paramagnetic NMR, F-T spectroscopy. and the theoretical

treatment of NMR parameters.

047103847-4 1974 approx. 416 pages

9. THERMAL METHODS OF ANALYSIS, 2nd Edition

By Wesley Wm. Wendlandt, University of Houston

An introduction to the techniques and applications of thermal
analysis, this book helps the novice acquire a working knowledge
of thermogravimetry, differential thermal analysis, and other tech-
niques. Fundamentally important techniques such as TG, DTA.
and DSC are discussed in greater detail. Greater emphasis has
also been placed on evolved gas detection and spectroscopic
photometric, and optical thermal techniques

047193366-X 1974 560 pages

10. SPECTROMETRIC IDENTIFICATION OF ORGANIC
COMPOUNDS, 3rd Edition
By Robert M. Silverstein, Syracuse University, Clayton G. Bassler,
Hills Brothers Cofiee Company, and Terence C. Morrill, Rochester
Institute of Technology
Assuming no prior knowledge of spectrometry, this book is an
introduction to spectral interpretation for organic structure de-
termination. Considerable reference material makes the book a
useful first resource for practicing organic chemists or for stu-
dents. Topics such as fragmentation, chemical shift, shift re-
agents, determination of a molecular formula, and many more are
discussed.
047179177-6 1974

11. THE CHEMIST'S COMPANION

By Arnold J. Gordon, Pfizer Pharmaceuticals, and

Richard A. Ford, Montgomery College

*'. . . a major part is composed of questions on ‘how-to-do-it,
what-is-it, and what-do-I-use-and-when, and where-do-I-find-it-
or-buy-it.'

... itis hard to open to a page that does not have something
outstandingly useful. . . . At its reasonable price, ‘Companion’ can
be recommended strongly for personal purchase (the library copy
is likely to be out most of the time)."”

—Journal of The American Chemical Society
0471 31590-7 1973 537 pages $14.95

WILEY-INTERSCIENCE

a division of John Wiley & Sons, Inc.

605 Third Avenue, New York, N.Y. 10016

In Canada: 22 Worcester Road, Rexdale, Ontario

Prices subject to change without notice
WILEY-INTERSCIENCE, Dept. 926

605 Third Avenue, New York, N.Y. 10016
Please send me the book(s) whose number(s) | have circled below:

In Press

18.95 (tent.)

$27.50 (tent)

approx. 350 pages $12.95 (tent.)

092-A4435-WI

1 2 3 4
(1-05647-2) (1-81019-3) (1-27788-6) (1-19674-6)
5 6
(1-88040-X) (1-58388-X) (1-02545-3) (1-03847-4)
(1-93366-X) (1-79177-6) (1-31590-7)
O My check (money order) for $. is enclosed

[ Please bill me. (Restricted to the continental United States.)
Name,
Address

City/State/Zip.
Please add state and local taxes where applicable.
Prices subject to change without notice.

092-A4435-WI
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Books

Comprehensive Survey of Mass Spectral Literature

Mass Sp y of g and
Org llic Compounds. M. R.
Litzow and T. R. Spalding. xv + 620
pages. American Elsevier Publishing
Co., Inc., 52 Vanderbilt Ave., New
York, N.Y. 10017. 1973. $51.50
Reviewed by William P. Weber, De-
partment of Chemistry, University of
Southern California, Los Angeles,
Calif. 90007

This book is a must for purchase by
science libraries. However, its high
price will definitely limit personal li-
brary purchase to those active in the
field of mass spectrometry of orga-
nometallic compounds. The book
comprehensively reviews all aspects
of the mass spectral literature on in-
organic and organometallic com-
pounds through 1970. A few refer-
ences to work published in 1971 are
also included. The book is divided
into two parts. The first is a concise
introduction to mass spectrometry.
Basic instrumentation is discussed in
Chapter 1. In Chapter 2, mass spec-
tra, types of ions observed, resolution,
metastable peaks, and fragmentation
are reviewed. Chapter 3 covers infor-
mation obtainable by mass spectrom-
etry: molecular weight, isotopic
abundance, ionization potentials, etc.
It seems unfortunate to me that 77
pages are spent on such elementary
material in an advanced monograph.

The second part (pages 79-617) is
the heart of the book. Compounds of
the nontransition elements are divid-
ed into chapters (4-10, pages 87-469)
according to their periodic group. The
chapters on the main group com-
pounds II1, IV, and V were particular-
ly good. The compounds of the tran-
sition metals are considered in a sin-
gle chapter (11, pages 471-610). It is
organized by considering the types of
ligands present (carbonyl, nitrosyl,
cyclopentadienyl, etc). The final
chapter considers the rare gases.
Each chapter is provided with tabu-
lations of data—for the natural abun-
dance of isotopes, bond dissociation
energies, appearance potential data,
as well as considerable discussion of
fragmentation pathways observed for
various types of compounds. The di-
agrams, formulas, and tables are
quite clear. However, the book does
not include an author index, and the

subject index is only three and a half
pages long. This brief index will cer-
tainly make location of data difficult.

GLC: How to
Learn the Basics

A Programmed Introduction to Gas-
Liquid Chromatography. Second edi-
tion. J. B. Pattison. xv + 303 pages.
Heyden & Son, Inc., 225 Park Ave.,
New York, N.Y. 10017. 1973. Paper-
bound. $8

Reviewed by J. J. DeStefano, Bio-
chemicals Department, Experimental
Station, E. I. du Pont de Nemours &
Co., Wilmington, Del. 19898

This relatively painless pro-
grammed instruction into the theory
and practice of gas-liquid chromatog-
raphy is recommended for the train-
ing of new assistants and for use by
novice chromatographers. In general,
this soft-cover instruction booklet is
easy to use. Short discussions are im-
mediately followed by a question de-
signed to test the reader’s compre-
hension of the points which have been
covered. Multiple-choice answers are
provided, and the reader is referred to
a given page of the text depending on
his choice of answer. On that page.
the reader is told whether the chosen
answer is correct or not, and if it is
not correct, additional information is
provided which should enable him to
go back and choose the correct
answer. .

Starting with a basic discussion of
characteristics of organic compounds
such as boiling points, vapor pres-
sure, hydrogen-bonding, and partition
coefficients, the text leads the reader
to the use of these characteristics for
predicting the retention and tailing
behavior of these compounds in a gas
chromatographic system. Various
strategies are presented for the elimi-
nation of peak asymmetry and the
achievement of peak resolution. The
techniques of preparation of column
packings, the packing of columns,
sample introduction, and qualitative
and quantitative analyses are ade-
quately explained, and the compo-
nents of a simple GC instrument are

are defined, and examples are given
to explain their use. Appendices are
included which refer the student to
additional readings, introduce the
Kovats retention index, and describe
available solid supports. Overall, the
knowledge gained from reading
through this programmed text should
provide most beginning chromatogra-
phers with a better understanding of
gas chromatography.

Inorganic and
Organic Luminescence

Absorption of Light and Ultraviolet
Radiation: Fluorescence and Phos-
phorescence Emission. George H.
Schenk. xii + 312 pages. Allyn &
Bacon, Inc., College Order Dept.,
Rockleigh, N.J. 07647. 1973. Paper-
bound. $6.50

Reviewed by Raymond F. Chen, Lab-
oratory of Technical Development,
National Heart and Lung Institute,
Bethesda, Md. 20014

This book is useful either as a
monograph or a classroom text and
deals with photoluminescence. There
are seven chapters, the titles of which
are followed by suitable quotations,
usually from the Bible or George
Stokes. Chapters 1 and 2 introduce
the reader to the nature of light,
Beer's Law, molecular orbital and
crystal field explanations of electronic
transitions, and Jablonski diagrams.
Chapter 3 introduces fluorescence
and surveys its applications. Chapter
4 continues with luminescence, in-
cluding the kinetics of emission,

q hing, and phosph
Chapter 5 concerns the triplet states
of solids and liquids. Chapter 6 sur-
veys the luminescence of inorganic
ions and their chelates. Chapter 7isa
brief description of commercially
available instrumentation for mea-
of lumi; About two
dozen problems are given after each
chapter and are instructive in them-
selves since they are based on actual
data from the literature. A section
containing laboratory experiments
also follows each chapter. There are
0

described. Basic gas ch aphic
terms, such as theoretical plates, ef-
fective plates, and peak resolution,

several solutions to se-
lected problems, and. finally. an ade-
quate index,
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"\ | Books
3 gOOd rQOSOﬂS There is an underlying feeling of

enthusiasm for the subject through-

lcloorartories rely on

the author is an effective teacher. As

Buchler for P a ide pointed out in the preface, there is a
lacuna in the usual chemical curricu-
H lum which graduate students are left

Gel Electrophoresls to bridge on their own if they are to
work with luminescence. The author

strikes a good balance between inor-
ganic and organic luminescence. The

1. POLY-PREP® for Concentration or Fractionation with

Continuous Elution. - 2 book is enjoyable to read and can
A temperature regulated preparative instrument for proteins, | profitably be used in short courses
polynucleotides and heat sensitive materials, such as dealing with luminescence spectros-
enzymes. Provides shorter electrophoresis times, flexibility | copy.

Although some explanations are
oversimplifications, they are never
2. POLYANALYST for Electrophoresis on an Analytical Scale. grossly erroneous. It can be argued
Lower buffer chamber is temperature regulated and that the most important goal of such
interchangeable to accommodate 18 tubes up to 250 mm in atext is tomaintain and develop the
lenath. Ideal f Iytical 16 slactiobh + P student’s enthusiasm for an intrinsi-
ength. iceal;lor.ana ytical scale electrophoresis or for cally interesting subject. Too often,
determining operating parameters of the Poly-Prep. the anxiety and negative reinforce-
ment of formal course work ruin the

in design of separation system and continuous elution.

3. POWER SUPPLY-Constant Current or Constant Voltage. subject for a student. To counteract
Provides long-term stability. Setting maintained within the basically depressing nature of
+0.05% for as long as it takes to complete separations. academia. the author includes li_IilA-
Full burnout protection and easy to read, separate lating experiments (e.g.. determining

the quinine content of drinks), prac-
tical applications (e.g.. use of lumi-
nescence to read chromatograms and
identify solids). and illustrations from

voltmeter and milliammeter.

Buchler Instruments evervday life (criminology and pollu-
L N tion: make-up of TV phosphors and
Division of Searle Analytic Inc. postage stamp coatings).

1327 Sixteenth Street |
_Fort Lee, New Jersey 07024

There are a number of minor criti-
cisms one could level. A fair number
of obvious misprints occur, including
the emission maximum of tryptophan
listed (page 140) as 438 nm rather
than 348 nm. On page a photo-
multiplier is described as a solid-state
device. In the same section, a distinc-
tion is made between a phototube
and a photomultiplier. although
many use the two terms interchange-
ably. Some commercial instruments
are described in greater detail than
others, possibly because those are the
ones used in the author’s classes. Ina
subject as large as luminescence, a
small book such as this inevitably
will omit many aspects of the field.
Still, one would have expected some
mention of polarization and more dis-
cussion of the fluorescence lifetime.
The author’s research area seems to
deal with inorganic photolumines-
cence, especially for analytical appli-
cations. This fact may explain the
lack of attention given to fluorescence
spectroscopy used in biophysical
chemistry to study ligand binding by
macromolecules, to study conforma-
tional changes, and to prove microen-

- vironments. Energy transfer by the
Forster mechanism is inadequately
treated.

(continued on page 226 A)
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O
New Bethlehem Hg VACUPICK

« simplifies retrieval of spilled mer-
cury droplets from any surface

« lightweight, portable
= vacuum pump capable of 20"’ Hg

« salvages spilled mercury which
would otherwise be lost

- complies with OSHA require-
ments

safe, efficient pickup of
spilled mercury droplets

The Hg VACUPICK—the latest development
from Bethlehem Apparatus—offers a conven-
ient, simplified way to retrieve spilled mercury
droplets as well as larger pools of mercury.

Modern, efficient operation

The Bethlehem Hg VACUPICK operates by
means of an oilless vacuum pump which
creates a vacuum of 20" Hg. A 40" soft
plastic tube with a stainless steel pick re-
trieves the spilled mercury.which is conveyed
into a piastic receiving bottle. A rubber ball
shutoff valve prevents the mercury from be-
ing sucked into the pump. No detectable mer-
cury vapor from pump exhaust.

Reduces losses

With the Bethlehem Hg VACUPICK it is now
possible to salvage a much higher percen-
tage of spilled mercury both in laboratories
and production facilities.

WRITE FOR BULLETIN Hg 73
BETHLEHEM APPARATUS COMPANY, INC.

4 Hellertown, Pa. 18055 / (215) 838-7034
CIRCLE 31 ON READER SERVICE CARD

QUANTITATIVE
ANALYSIS 3rd Ed. 1974

R. A. Day, Jr. and A. L. Underwood, both
at Emory University

New from Prentice-Hall! This compre-
hensive new edition provides a complete
and balanced mixture of the traditional
and the modern in analytical chemistry—
for the novice and more advanced chem-
istry student.

The authors stress basic concepts and

offer discussions of such

topics as

elementary statistics and data, and all
facets of gas-liquid and liquid chroma-
tography. Other new chapters explore

flame emission,

atomic absorption,

spectroscopy, fluorescence, and analog
and digital electronics and automation in
analytical chemistry.

Includes figures, illustrations, and chal-
lenging. problems. A handy Teacher's
Manual provides answers to the text's

analytical problems.
pp., $13.95

For more

March 1974, 576

information, write: Robert

Jordan, Dept. J-854, College Division,
PRENTICE-HALL, Englewood Cliffs,
New Jersey 07632
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Books

In spite of these criticisms, the
book is a good one and deserves to be
read and utilized in the classroom.

For Those with No
Chemical Background

Instrumental and Separation Analy-
sis. C. T. Kenner. xii + 338 pages.
Charles E. Merrill Publishing Co.,
1300 Alum Creek Dr., Columbus,
Ohio 43216. 1973. §11.95

Reviewed by Jonathan W. Amy, De-
partment of Chemistry, Purdue Uni-
versity, Lafayette, Ind. 47907

This book is written as a text for a
second semester of analytical chemis-
try taught from a viewpoint that stu-
dents have no background in physical
chemistry or calculus. Because many
such students study disciplines of bi-

-ological or medical sciences, emphasis

is placed upon those methods com-
monly used in these branches of
science. Thus, techniques such as ra-
dioactivity and electrophoresis are
covered in more detail than in con-
ventional texts on instrumental anal-
. No laboratory procedures are
presented. Short problem sets are in-
cluded at the end of each chapter.

The text consists of 15 chapters
and is organized into four sections.
One third of the material concerns
optical methods, and one sixth is de-
voted to electrochemical techniques.
The subject of separations is covered
in two chapters containing 20% of the
text, and the remainder is devoted to
a variety of miscellaneous methods
such as NMR, MS, radioactivity, and
even a short section of solid-state
electronics. No references are given in
the text; the appendix contains a sec-
tion on the literature of analytical
chemistry. General reference books
are listed by chapter headings.

The style of writing is clear and
concise. Chapter format starts with
an introduction to and the physical
principles of the method followed by
a section on instrumentation. This is
usually quite elementary with simple
diagrams and photographs of some
commercial equipment. Some discus-
sion of errors and method limitations
is included, and the chapters con-
clude with short applications sec-
tions.

A student spending a semester with
this text will gain a vocabulary and
should recognize common instrumen-
tal terms as he encounters them. The
student’s ability to appreciate the
power or limitations of these tech-
niques in solving practical problems
will depend upon the skill of the in-




Eastman

Organic Chemicals

CWS

For your consideration . . . select products from a family grouping of specialties. One may just spark an application
you're researching or developing. We'd like to help. Detailed product information is as close as the coupon below.

New additions

N-Methyl-(7-dimethylcarbamoxy)
quinolinium Iodide (EASTMAN
11864). Fluorescent probe for
acetylcholinesterase, sensitive to
concentrations in the nanomolar
range. Active sites of the enzyme
can be titrated, since the first-order
carbamoylation reaction rate is
much higher than the concentration-
independent decarbamoylation
reaction. The number of active sites
per molecule can be calculated from
the turnover number and the
enzyme normality. [Biochemistry,
10,4114 (1971).]

Phenazine Methosulfate
(EASTMAN 11509).

The combination of phenazine
methosulfate and nitro BT
(EAsTMAN 11350) forms an activity
stain for enzymes. Has been used
for the in situ identification after
acrylamide gel electrophoresis of
threonine deaminase [Science, 170,
1414 (1970)] and of bovine LDH
[Biochemistry, 9,4372 (1970).]

pH Indicators

If you use pH indicators in your
work, our wall chart, pH Ranges
and Color Changes of EASTMAN
Indicators, should be a useful
addition to your laboratory. In
addition to directions for preparing
67 indicator solutions, its four-
color format illustrates the color
changes over the active pH range of
the indicators. Use the coupon
below to request your copy of
Kodak Publication No. JJ-13.
CIRCLE 71 ON READER SERVICE CARD

For TLC

The Kopak Laboratory Sprayer
(Catalog No. 13173), with dip tube
and orifice designed for spraying
TLC visualization reagents and
other liquids of low viscosity. The
slim aerosol unit is easy to hold and
easy to clean after use.

Prepare your visualization
rcagents in advance. When you're
ready to spray, simply screw the
acrosol unit directly onto the bottle
... no separate spray heads to buy
or replace. Only 3 ounces of
propell but a propellant-to-
reagent spray ratio of 1:5, so you
can spray approximately a pint of
solution. More economical to use
than many larger units having
higher propellant-to-reagent ratios.
Sold singly at a list price of $4.00
each and in convenient four-packs
at $12.50. For more information,
request a copy of Kodak Publicati

For electrophoresis

Eastman Kodak Company offersa
large number of reagents for
acrylamide gel electrophoresis. . .
some with very special properties
for special applications.

For instance, N,N"-
Diallyltartardiamide (EAsTMAN
11444) is a cross-linking agent
which forms solubilizable gels.
By substituting N,N’-
diallyltartardiamide
mole for mole in place of
methylenebisacrylamide, gels
are formed which are soluble in
2% periodic acid. These gels
dissolve in 20 to 30 minutes at
room temperature or in about 10
minutesat 37 C.

Quantitation by liquid
scintillation counting is possible
after this treatment, since periodic
acid does not contribute to the

hi d for the

No. JJ-36.

»”
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List prices shown are suggested prices only
and are subject to change without notice.

Dept. 412-L

e Rochester, N.Y. 14650
Please send the following:

Eastman Kodak Company
e Organic Chemicals Markets

of water present in the system.
[FEBS Letters, 7, No. 3,293
(1970).1

For more information on the
initiators, stains, buffer components,
and specially purified
offered by Eastman Organic
Chemicals, request a copy of Kodak
Publication No. JJ-11, Reagents for
Acrylamide Gel Electrophoresis.
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uptothree

100 mm channels with
50 millisecond full scale

response

MFE's OEM, 19"" rack
mount or portable wide
chart recorders are ten
times as fast as poten-
tiometric types. The ink-
less heated stylus on our
patented galvanometric
moving iron pen motor
travels 100 mm in less
than 50 milliseconds.

Ideal for high response
systems such as elec-
trophoresis densitom-
eters, autoanalyzers and
spectrometers that may

© now be recorder limited.

1, 2 or 3 channels with
1. 2 or 3 events avail-
able. 1.2.3.40r7
speeds ranging from
mm/hr to mm/sec.

Options include paper
take-up. timers, digital
edge printer, attenu-
ators, internal calibration.

Write for complete
specifications and prices.

Books

structor and the development of a
laboratory course to be used with the
text.

New Books

Third International Congress of
Atomic Absorption and Atomic Fluo-
rescence Spectrometry: Vols 1 and
2. M. Pinta, Ed. 924 pages. Halstead
Press, 605 Third Ave., New York,
N.Y. 10016. 1973. $35 (for both)

Included in these two volumes are
most of the papers presented at the
3rd ICAFAS held in Paris in Septem-
ber 1971. Presumably, the poor quali-
ty of the text reproduction is not due
to the process used (photolithogra-
phy), but to the poor quality of the
original copy used for reproduction.
Nonexcusable are crossed-out words
and handwritten insertions.

Catalysis: Vols 1 and 2. Joe W. High-
tower, Ed. 1483 pages. American El-
sevier Publishing Co.. Inc., 52 Van-
derbilt Ave., New York, N.Y. 10017.
1973. 879 (for both)

This two-volume set contains the
complete transactions (text and dis-
cussion) of 107 submitted papers and
six invited lectures presented at the
Fifth International Congress on Ca-
talysis, Miami Beach, Fla., August
20-26, 1972,

Energy Transfer Parameters of Aro-
matic Compounds. Isadore B. Berl-
man. ix + 379 pages. Academic
Press, Inc., 111 Fifth Ave., New
York, N.Y. 10003. 1973. $20
Presented in this book are tables of
values for Forster’s standard reference
parameters as well as for an overlap
integral using paired combinations of
over 200 aromatic compounds in lig-
uid solutions. Also included are an el-
ementary discussion of spectroscopic
concepts, a survey of inter- and intra-
molecular electronic energy transfer,
and a look at ESR and laser tech-
niques. This volume should serve as a
companion to the author’s second
edition of “*“Handbook of Fluorescence
Spectra of Aromatic Molecules.”

Acuvailon and Decay Tables of Ra-
E. Bujdoso, I. Fehér,

MFE CORPOR-ATION
Keewaydin Drive, Salem, N.H. 03079

Tel 603 893.1921 « TWX 710 3661887
TELEX 94 7477

See us at the Pittsburgh Conference,
Booth 714
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and G. Kardos. 575 pages. American
Elsevier Publishing Co., Inc., 52 Van-
derbilt Ave., New York, N.Y. 10017.
1973. $36

" Activation and decay data are pre-
sented in this volume. The data in-
clude half-lives, gamma-ray energies,
and intensities of 249 radioisotopes
formed by (n, v ) reactions on 173
stable isotopes of 80 elements.
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Company Manuals

Clinical Chemistry Procedures Using
Gas Chromatography. Part No. 990-
9853. Perkin-Elmer Corp., Instrument
Division, Main Ave., Norwalk, Conn.
06856. 1973. $10

This handbook contains methods
for the determination of many clini-
cally important biological com-
pounds. Individual determinations in-
cluded are pregnanediol, pregnane-
triol, estriol, cholesterol, vanillylman-
delic acid, and homovanillic acid in
urine, and restricted drugs in serum
and urine. Perkin-Elmer scientists
plan to continually augment the text
with additional determinations and
other useful information.

Elementary Theory of Gas Chroma-
tography with Bibliography and Ex-
periments. 42 pages. GOW-MAC In-
strument Co., 100 Kings Road. Madi-
son, N.J. 07940. 1973. Paperbound.
$5.00 (educational discounts avail-
able on multiple orders)

The first part of this booklet con-
tains the basic theory of GC. includ-
ing condensed but comprehensive op-
erating instructions for a gas chroma-
tograph. Part two is a selected bibli-
ography, and part three is a collection
of 13 experiments. New experiments
will be available after they have been
tested.

The Practice of Gas Chromatogra-
phy. Part No. 5950-8225. Fred W.
Rowland. 117 pages. Hewlett-Pack-
ard Co.. Avondale Division, Route 41,
Avondale, Pa. 19311. 1973. Paper-
bound. $10

The author is attempting to bridge
the gap between the hardware-vrient-
ed instrument manuals and the theo-
retical treatments found in many of
the existing books and to put into
perspective the many variables of
equipment selection and operating
procedures so that the user can make
the proper choices for the solution of
his particular problem. There is little
theory, but a good deal of the tricks
of the trade that come with experi-
ence, included. The book is available
through any Hewlett-Packard sales
office.

Liquid Crystal Bibliography. No. JJ-
193. 26 microfiche cards. Eastman
Kodak Co.. Department 454, Roch-
ester, N.Y. 14650. 1973. $25

‘This microfilm bibliography con-
tains 3281 references from the time
period September 1888 to May 1973,
Author and subject indexes are in-
cluded, together with a numerical se-
quence file and a reference-frequency
file.



Introducing the DTA-600
for Quality Control by Tem-Pres

Tem-Pres presents the New DTA-600. volumes; and inexpensive thermo- Gerry Zimmerman, Tem-Pres Division,
An economical Differential Thermal couple assemblies easily replaceable in The Carborundum Company,
Anaylsis System designed to satisfy your laboratory. 1401 South Atherton Street,
on-line and laboratory requirements Exclusive Tem-Pres Automatic State College, Pennsylvania 16801.
for quality control. Baseline Compensation is included for Phone 814 237-7631

The DTA-600 is a highly sensitive those flat reproducible baselines that
instrument with rapid heating and are so important in calorimetric
cooling rates for the maximum number measurements.
of QC tests per day; simplified fixed Resolve your Quality Control
position controls for ease in Requirements with the DTA-600 at
operation by technicians; a broad $4950. For complete details and

selection of sample cup materials and  specifications, please contact: Mr. CARBORUNDUM

See Us at Booth 830, Pittsburgh Conference, Analytical Chemical Show
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Updating
your
GC lab?

You've been in GC long
enough now to know what
you really need. You're
working with a 1970-level
budget. This time around,
buy dedicated equipment.
Specify the high-perform-
ance parameters you re-
quire —we'll specify the
low-cost, off-the-shelf sys-
tem to fit your needs. For
instance, a typical Aminco/
Shimadzu Dual F.1.D.* Iso-
thermal GLC System, cost-
ing less than $2000, fea-
tures: large column oven,
on-column injection system,
unique injection port de-
sign, quartz jet detector,
dual-glass columns, pres-
sure flow control and no
transfer lines. A lot for the
money.

Updating your GC lab?
Aminco/Shimadzu GC sys-
tems are available for every
application, whether it be
quality control (GC-4B
Series), versatile research
(GC-5A Series), or drug-
screening (GC-3B Series).
Send for literature describ-
ing Aminco/Shimadzu Gas
Chromatography Systems.

* Flame lonization Detector

AMINCO®

Books

Bibliography of Radioimmunoassay
Periodical Literature. 34 pages.
Beckman RIA Center, Scientific In-
struments Division, Beckman Instru-
ments, Inc., 2500 Harbor Bivd., Ful-
lerton, Calif. 92634. 1973. $3.00

This publication lists more than
950 clinical and biomedical references
to radioimmunoassay. The references
are indexed by subject matter and
the date the article appeared.

Continuing Series

lon Exchange and Solvent Extraction:

Vol 4. Jacob A. Marinsky and Yizhak
Marcus, Eds. xii + 265 pages. Mar-
cel Dekker, Inc., 95 Madison Ave.,
New York, N.Y. 10016. 1973. $19.75

This volume contains discussions
on ion exchange in nonaqueous and
mixed solvents; ligand-exchange
chromatography; liquid ion-exchange
technology; electronic and ionic-ex-
change properties, conductivity, and
permselectivity of organic semicon-
ductors and redox exchangers; and
equations for the evaluation of forma-
tion constants of complexed ion
species in crosslinked and linear poly-
electrolyte systems.

Advances in Electrochemistry and
Electrochemical Engmeenng, Vol 9

Optical Ti in Electr
try. Rolf H. Muller, Ed. 542 pages.
John Wiley & Sons, Inc., 605 Third
Ave., New York, N.Y. 10016. 1973.
$29.95

This new volume contains articles
on internal reflectance spectroscopy
in electrochemistry, specular reflec-
tion spectroscopy of the electrode-so-
lution interface, principles of ellipso-
metry, application of ellipsometry to
electrochemistry, double-beam inter-

ferometry for electrochemical studies,

holography and holographic interfer-
ometry in electrochemistry, and opti-
cal microscopy in electrochemistry.
Included are subject and cumulative
indexes for Vols 1-9.

The following are available from
American Society for Testing and
Materials, 1916 Race St., Philadel-
phia, Pa. 19103. For countries other
than USA, Canada, and Mexico, add
5% shipping charges.

The 1973-1974 List of ASTM Publi-
i 30 pages. 1973. (A single

Jz.ima.dzu.
AMERICAN INSTRUMENT CO.

TVISON OF TRAVENGL LABORATORIES. iNC
8030 Georgia Avenue
Silver Spring, Maryland 20910
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copy of this publication, requested on
company letterhead, will be sent free
of charge.)

This booklet lists more than 600
ASTM publications dealing with the
standardization of methods of test
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and specifications for materials, the
knowledge of materials, and materials
evaluation.

The 1973 Annual Book of ASTM
Standards, Part 22: Sorptive Mineral
Materials; Soap; Engine Coolants;
Polishes; Halogenated Organlc Sol-
vents; Activated Carbon; Ind
Chemicals. Publication Code No.
01-022073-15. 882 pages. 1973. $29
Part 22 contains 177 standards of
which 19% are new, revised, or
changed in status since the 1972 edi-
tion.

The 1973 Annual Book of ASTM
Standards, Part 23: Water and Atmo-
spheric Analysis. Publication Code
No. 01-023073-16. 1136 pages.
1973. $35.75

Part 23 contains all of the ASTM
standards on water and atmospheric
analysis. Thirty percent of the 151
standards are new, revised, or
changed in status. For the first time,
all of the standards on water are
grouped according to subject matter
rather than alphanumerically by des-
ignation.

The 1973 Annual Book of ASTM
Standards, Part 30: General Testing
Methods. Publication Code No. 01-
030073-41. 1658 pages. 1973. $54

Of the 194 standards contained in
part 30, 48 are new, revised, or
changed in status.

The 1973 Annual Book of ASTM
Standards, Part 31: Physical and Me-
chanical Testing of Metals. Publica-
tion Code No. 01-031073-23. 1272
pages. 1973. $39

‘This book contains 126 standards of
which 22 are new, revised, or changed
in status.

The 1973 Annual Book of ASTM
Standards, Part 33: Index to ASTM
Standards. Publication Code No. 01-
033073-42. 260 pages. 1973. $4.25

This book lists all of the more than
4800 standards alphabetically by
subject matter, indicates the numeri-
cal designation of each standard, and
refers to the 33-part annual book in
which each standard is published.
The standards are also listed by nu-
merical designation.

Miscell ASTM ds for
Petroleum Products. Eleventh edition.
Publication Code No. 03-402073-12.
1054 pages. 1973. Paperbound.
$27.50

This book is a supplement to Parts
17 and 18 of the 1973 Annual Book of
ASTM Standards. Forty-six percent
of the 235 standards are new, revised,
or changed in status since the last
edition (1971).




[Nbrl;\él] Low noise

Fast \ / High

'What
you

Setis

High resolution
Wavenumber expansion 5X

| Ammonia gas

On the new SP1100 IR

one control optimizes all param-
eters. Select the desired resuilt
and the correct gain, slit width,
time constant and scan speed
are automatically set.

Onthe new SP1100

you also get continuous % T
expansion from 0.8X to 10X to
permit expansionofany 10%T to
full scale...and 5X wavelength
expansion synchronized with the
chart for unequivocal identi-
fication of band positions...
repetitive scan.. . fast scan (6
minutes is normal).

Call Frank Hamm, Manager
i Spectrophotometry and Chro-
250 South Fulton Ave. matography at 9_1 4-664-4500. Ask
Mount Vernon, NY 10550 him about the price. Itis about
A North American Philips Co 51000 lOWef than you mlght think.
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Send for your copy of this 44 page book.
It spells out why FLORISIL® and FLORISIL TLC
are widely used for column and thin layer
chromatography. Gives you chemical compo-
sition, physical properties, adsorptivity data
and a bibliography designed to show you how
FLORISIL may be used to solve difficult sepa-
ration problems in these twelve areas. general;

vitamins; alkaloids — nitrogen compounds —
drugs; steroids — hormones; pesticide resi-
dues; antibiotics; petroleum and shale oil;
enzymes; terpenes; lipids; carcinogens and
miscellaneous studies.

Write for your free copy. Contact Floridin
Company, Dept. A-16, Three Penn Center,
Pittsburgh, Pa. 15235. Phone 412-243-7500.

New, Improved -and Free.

Bibliography of studies and
applications of FLORISIL as an
adsorbent for chromatography.

[Floriclim

A Member of the ITT System
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Editors’
Column

Trace Metals, Indians, and Urban Man

A recent National Science Founda-
tion report tells that scientists,
studying primitive tribes in remote
areas of South America, have deter-
mined that chromosome damage and
mercury levels in blood serum in
some isolated Indian tribes exceed
those normally found in urban man.

This discovery came about from a
study started eight years ago. Work-
ing with the Indians in the Amazon
jungles, the scientists were seeking to
distinguish tribal genetic structures
and gather biomedical data to serve
as base line measurements to permit
them to gauge the nature and tempo
of modern man’s evolution. They
wanted to learn more about the bio-
logical adaptations of man as he pro-
gressed from a primitive hunter to an
urban worker. The findings are sur-
prising because chromosome damage
and mercury levels are considered the
price man pays for becoming civi-
lized.

The study also found, besides the
unusually high mercury levels, un-
usually low levels of cadmium and
lead. Dr. Lawrence Hecker of the
University of Michigan’s School of
Public Health, who headed the re-
search portion of the study that was
concerned with mercury and other
trace metals said, **Mercury has been
present in low levels in our environ-
ment for years with no apparent ill
effect. At high levels in some areas,
mercury is known to have ill effects
on man. Some of the Yanomama (a
tribe in Venezuela and northern Bra-
zil) villages have much higher levels
than people in cities in the United
States, but it’s having no apparent
adverse effect on them. Fish, a com-
mon source of mercury, is not a major
part of the Yanomama diet.”” The
mercury levels were expected to be
much lower among these tribes be-
cause mines and factories that con-
tribute to mercury in the environ-
ment do not exist in the area inhabit-
ed by the Indians. The low lead lev-
els, among the lowest ever recorded
in the world, could not be accounted
for by just the absence of gasoline
burning vehicles which may contrib-
ute to higher levels in the civilized
world.

According to Dr. James Neel from

the University of Michigan's School
of Medicine and the project’s head,
““These data imply two possibilities—
modern man is not as badly off as he
sometimes supposes, and genetic and
biological damage has been with him
a long time, probably through all
stages of his development.” Although
the group of scientists were able to
hypothesize that the chromosome
damage may have been caused by a
natural agent such as a virus, they
could not explain the high incidence
of mercury or the low levels of cadmi-
um and lead encountered.

Unfortunately, Dr. Neel's comment
that “‘modern man is not as badly off
as he sometimes supposes,” if taken
out of context, could lend credence to
the arguments of some that pollution
is not as great a problem as was re-
cently thought. This becomes espe-
cially important in this time of ener-
gy crisis when second thoughts are
being had about emission controls on
automobiles and the burning of sul-
fur-containing coal. His conclusion is
based on an incomplete study, al-
though to be fair, one must remember
that the mercury, cadmium, and lead
data were actually by-products of a
different study. The reasons why the
mercury levels are so high and the
cadmium and lead levels so low must
first be ascertained before one can
conclude that modern man may be
all right with regard to these trace
metals.

The detection limits for these trace
metals are constantly being lowered,
and the determination of these met-
als is now being done in more and
varied samples. Perhaps the time has
come to emphasize the correlation of
levels detected in environmental
samples or in man with specific prob-
lems encountered by man because of
these metals. How many times should
we be told that a certain element can
be determined in a specific sample by
a specific analytical technique down
to what may be an insignificant
level? Shouldn't it be time to empha-
size finding out if a certain level is
significant or not and why—possibly
starting with the Indians and working
up to urban man?

A. A. Husovsky

KEITHLEY'S
NEW CURRENT
AMPLIFIER
MAKES SMALL
CURRENTS
INTO GIANTS

...faster than anything

Whether used in mass spectroscopy,
fast semiconductor production tests,
photomultiplier outputs, or whatever,
the Mode!l 427 Current Amplifier opens
new dimensions in low level current
measurements. It can perform opti-
mumly for dynamic range or response
time, according to user’s wishes. It fea-
tures sensitivity to 10-14 ampere, switch-
selected rise times to 15 microsecond
and over 80 dB dynamic range. Built-in
zero suppression and overioad protec-
tion add to operating convenience.

RANGE......... 0%t 107A
RISETIME ...... 15uS to 0.3 sec.
DYNAMIC RANGE . 40 to 80 dB
STABIUTY .......500uV/°C
SUPPRESSION ...103t0 10®A

SEND FOR TECHNICAL LITERATURE TODAY

1 o

KEITHLEY
INSTRUMENTS

USA 28779 AURORA ROAD. CLEVELAND. OMIO 44139
EURDPE 4. AVEMUE WILLARDIN. 1009 PULLY. SUSSE
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Sj i A i lo} dendrite structures. 24,000X magnitication (insert 100,000X).

14KV accelerating voltage. Resolution standard proposed by Dr. S. Ballard, National Bureau of Standards.

We Here Highly Resolve

Things are getting brighter all the time. Take these two remarkable photomicro-
graphs, for instance. They happen to be 1000 times brighter than those images
created from thermionic sources.

What's the secret?

Simple. We introduced the world's first commercial Field Emission Scanning
Electron Microscope. And we're still in the business of bringing the seekers and
searchers the brightest, high-resolution images in microscopy today.

A major difference lies in our revolutionary field emission electron gun. It really
delivers. Fast scanning and dynamic viewing of even the finest microstructures.
Coated or uncoated. And then there's our totally new system design that lets you
scan specimens free from worry about damage, contamination, charging, or
other elements that mess up your micrographs.

Each SEM in our growing family features reliable, all-solid-state electronics.
Just plug one in, and start examining your own specimen. The same way more
and more laboratory researchers throughout the world are

doing day-after-day. Let Coates & Welter brighten up your life.

Write us for a current brochure: Coates & Welter Instrument

Corporation, 757 North Pastoria Avenue, Sunnyvale, CA 94086, Im
(408) 732-8200. A subsidiary of American Optical Corporation. '\l

COATES = WELTER

leading the resolution revolution
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Instrumentation

Laser Optoacoustic Spectroscopy—
A New Technique of Gas Analysis

L. B. Kreuzer

DIAX Corp.
250 Sobrante Way
Sunnyvale, Calif. 94086

Laser Optoacoustic Spec-
troscopy gas analysis offers
a single system which can
automatically analyze a
mixture of gases with high
rejection ratios and sensitiv-
ity. One particularly prom-
ising field of application is
gaseous air pollution detec-
tion, where a single LOS
System can replace the col-
lection of single gas analyz-
ers which is currently re-
quired to provide a complete
analysis of ambient air

The availability of laser sources of
infrared light has greatly increased
the range of analytical problems
which can be solved by infrared spec-
troscopy. The optoacoustic effect has
proved an effective method, in com-
bination with a laser infrared source,
for detecting weak IR absorptions in
gases (1, 2). With the combination of
a laser source and an optoacoustic
method of detecting IR absorption, a
new technique of gas analysis called
Laser Optoacoustic Spectroscopy
(LOS) has been developed. A proto-
type gas analyzer using LOS built by
the author is able to detect gas con-
centrations as small as 1 part per bil-
lion (ppb). It is able to analyze auto-
matically mixtures of gases and dif-
ferentiate between gases with over-
lapping infrared absorption spectra.

The purpose of this paper is to de-
scribe the new technique of LOS gas
analysis to potential users. Since
many potential users may not have
knowledge of laser infrared sources, a

discussion of lasers and the properties
of the light they generate is pr ed

and the number of observed emission
lengths have i d rapidly.

in the next section. This is followed
by sections which describe LOS gas
analysis, present experimental re-
sults, describe the DIAX Model 100
LOS gas analyzer, and discuss appli-
cations.

Laser Source of Infrared

Laser action was first demonstrated
at 6943 A in ruby by Maiman in 1960.
Since that time, the types of lasers

Today, it takes 200 pages of the
““‘Handbook of Lasers” (3) to list and
describe the more common lasers and
their emission wavelengths. Emission
wavelengths are now available from
the ultraviolet to the far infrared.
The current state of laser develop-
ment suggests that lasers will become
increasingly more common as light
SOurces in spectroscopy.

(continued on page 240 A)

Figure 1. Gas laser system. Laser tube is excited by high-voitage discharge
between electrodes represented as bulbs at each end

(a) When optical cavity consists of Two mirrors, laser emission occurs only at lines of high gain
(b) Discretely tunable laser results when one mirror is replaced by properly ruled and blazed
diffraction grating. This configuration generates a single wavelength at a ime. Rotation of grating

causes laser 10 emit toth lines of high and low gain

(a)

SIMPLE GAS LASER

HIGH VOLTAGE
SUPPLY

R:100% T
COOLING
WATER, ’
(b)  GAS LASER WITH DIFFRACTION GRATING

WAVELENGTH SELECTION

HIGH VOLTAGE

SUPPLY

DIFFRACTION
GRATING

—7




Model 1202

micromeritics’

Model 2200

Model 900 Model 21000

SediGraph 5000

., ¥

%

Model 1302

Mode| 405

We Offer Industry’s ONLY Complete Line Of Material And Particle Characterization Instruments

GAS ‘SORPTION

DigiSorb 2500 Automatic Multi-Gas Sur-
face Area and Pore Volume Analyzer—
Totally automated instrument for gas ad-
sorption-desorption measurement, pore vol-
ume, pore size, chemisorption and surface
area analysis, EVERYTHING oxcept sample
weighing s automauc. Can analyze up to
5 samples without reloading, Can operate
up to 4 days UNATTENDED. Specific sur-
tace areas greater than 0.001 m*/g can be
deternined  using Krypton an:d Nitrogen
as the adsorbates.

Model 2100D Orr Suriace-Area Pore-Vol-
ume Analyzer—The most versatile, accurate
manual area and  pore volume
anahyzer on the market today. Features a
Ive auto-ranging digital display of svatem
pressure from O 00OT to 10000 mm Hg
Measures surface areas rom 0.001 m*/g up;
performs pore size and volume analyses
and chemisorption studies. Uses any non-
corrosive gas as adsorbate. No calibration
required. Utihizes classical Tow-temperature
gas adsorption BET technique

suttace

SURFACE AREA

Model 2200 High-Speed Surface Area
Analyzer A low emi-automatic
instrament  designed  for process control,
quality assurance and many development
applications requiring speed and accuracy
Utilizes the static equilibrium, low-temper-
ature,  gas adsorplion  (Bi 11 technique.
Measures specific surface areas from 1.0
to 1,500 m™/g using Nitrogen as adsorbate.
Surface arcas mdicated  automatically by
direct digital readout; no calculations re-
Guired. Can perioim 3 complete surface
area analyses per hour Samples are also
outgassed on instrument

COst,

Model 2205 High-Speed Surface Area
Analyzer -—Similar 1o the model 2200 except
specifically designed for low surface area
materials. Measures specific surface areas
from 0.2 10 100.0 m*/g using Argon as the
adsorbate. Surface arcas are indicated to
the nearest 0.01 sq. meter by direct digital
readout. Two 1o 3 <uriace area analvaes per
hour.

PARTICLE SIZE

SediGraph 5000 Particle Size Analyzer -

This partic’e size analvzer provides rapid,
automatic determmation and diredt record-
g of particle sizes fror 100 microns o
Q1 micron diameter. At s veny best m
submicion ranges:  handles
larger <izes with case Analvees based on
Stokes” Law of sedimentation. For aqueous
or organic svstems. Operates unattended

subsieve 1o

and sields results in minutes

POROSIMETRY

Model 900 910 Mercury  Penetration
Porosimeters — [Lightcen models i all.
Range from 354 down to 0.0035 micron
iy ore diameter, in powders or rigid shapes
Measures pore volumes up to 4.0 cc's
Determines pore volume, size, shape, dis-
tubution and porosity. Analyzes 1, 2 or 4
samples simultaneously. 10,000, 30,000 or
50,000 psi range. Series 910 models can
measure porosity, pore volume, pore size
ard pore shape of large sample pieces up
to 1-inch diameter by T-inch high.

POWDER CHARACTERIZATION
Model 405 Powder Characteristics Tester—
Gives vou  consistent, accurate powder
property evaluation using ONLY ONE in-

1974
PITTSBURGH
CONFERENCE

Our instruments will be on dis-
play in booth 101-106 at this
year's Pittsburgh conference.

If you are interested in char-
acterizing the physical prop-
erties of materials . . . . stop by
and talk with our team of ex-
perts.

M micromeritics
iNnstrument corporatiaon
5680 goshen springs rd e norcross ga 30071 « prane 4047340 B292
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strument. Measurement  capabilities  in-
clude characteristic angles, cohesion, uni-
formity coefficient, dispersibility, aerated
and packed bulk densities, compressibility,
distribution of sizes, flowability and flood-
ability. This instrument is a <ignificant ad-
vance over tradional, less sophisticated
manual methods

DENSITY

Model 1302 Helium Pycnometer — Deter-
mines absolute volume of powdered or
porous matenals and solid objects from
which density can be caleulated. Handles
inert solids, reactive chemicals, or hygro-
scopre compounds. Is fast, accurate and
casy 1o operate. Precision of plus or minus
008 cc absolute volume. Allows porosity
determimation when measured object has a
detinite shape or bulk volume 1< known.

ZETA POTENTIAL

Model 1202 Electrophoretic Mass-Trans-
port Analyzer--For measuring the electro-
phoretic mobiity of dispersions, including
concentrated surnies from which zeta
potential may be calculated. Analyzes a
wide range of dispersions and suspensions
up to 50%: by volume without dilution
Handles particles from very small to approx.
1000 mcrons diameter: conductivities to
100,000 microhmos, For tlotation, disper-
sion,floceulaton coagulation particle
interaction and clectrokinetic phenomena
studlies

POROSITY

Model 305 Gas Comparison Porometer —-
'recision anstrument for non-destructively
deterniming the bulk and pore volume,
porosity and absolute density of porous
solids Uses a gas expansion  technique
mstead of anfenor conventional methods
Lke boding water. Measurements can be
made on organic objects or reactive mate-
nals Largest samples usable s 35mm diam-
cter by 76 mm long with one smooth
tat end

MATERIALS ANALYSIS LAB

\Micromerelics” complete laboratory
wes provide coordinated evaluation and
charactenization of the physical properties
ol your matenal samples. Our laboratory s
tully-cquipped and s staffed with full-ume
pratticle technology experts

serv-



New HEATH/SCHLUMBERGER
INSTRUMENTS GATALOG

H The latest issue . . . includes complete
details and specifications on dozeas of
high performance, low cost instru-
ments for design, R&D and teaching
applications. Here are just a few ex-
amples:

New 10 mV to 10 ¥ Strip Chart Re-

corder...oaly $335°. Four calibrated, g
hi-Z input ranges . . . full 10" chart ... -

ten digitalty-derived chart speeds from fIs = K

10 to 0.01 inches or cm/minute... m o
switchable input filtering . . . complete

remote programming capability...easy LS
conversion to metric work . . . pushbut-

P 1IESUH LT, .
/ New 3335, . i : ::nch rt advance . .. rack mount de-
10mV-10V,10 Speed o [P fe e
Chart Recorder 35 Wiz, 15 Y- © 200 Mk, 50 ¥
New $325, auto-ranging | s iy 00 e s
110““2 coum ...complete remote programming cap-

ability for all inputs, outputs & func-
tions, plus BCO output.. FCC type-
approved for AM & FM broadcast.

Dual Trace 15 MHz scope...only
$595°. 15 MHz vertical bandwidth with
24 ns risetime ... 50 mV/cm sensi-

tivity ... 1 megohm/35 pf input im-
from Heath/ pedance ... 9 position attenuator ...

1] 18 calibrated sweep rates from 0.2 us/
Seh!umberger cm to 100 ms/cm . . . Chop, Alternate,

- Ch. 1, Ch. 2 and X-Y modes ... Inter-
nal/External, AC/DC, +/— triggering
e e ...external trigger input, sweep gate

output. Standard camera mount bezel.

eath/Schiumberger lastruments Schlumberger
Dept. 531-013

Beaton Harbor, Michigan 43022

Please send electronic instruments catalog.

Name.

Title

For your FREE copy, use postcard or coupon NOW!

Address.
City. State. Zip
*Mail order prices; FOB factory. EX-415 :
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Gas lasers are particularly well
suited as sources for LOS gas analy-
sis. Lasers such as the CO and CO2
molecular gas lasers provide practical
discretely tunable sources. To under-
stand how these lasers are used as ef-
fective ligh